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J. Singer, Rockville Centre, N. Y., assignors to
- Bell Telephone Laboratories, Incorporated New
York, N. Y., a corporation of New York .

~ Application October 22, 1942, Sefial No. 462,966
' (CL 178—2)

19 Clalms.

This invention relates to telegraph switching
system and particularly to that class of telegraph
switching and transmission systems known as

_satellite office systems.

The principal elements of a satelhte system
are, first a number of outlying stations or sub-
seribers’ stations located in a particular region
in which the trafiic is insufficient or where there
are other circumstances making it uneconomical
or impractical to maintain a central office in-
dividual to those subscribers. Another element
of the system comprises one or more central of-
fices, usually one, and a satellite or unattended
switching station approximately in the geograph-
ical center of the group of subscribers’ stations.
By means of a small number of trunks sending
from the ‘central office or offices to the satellite
office and individual lines from the satellite office
to each subscriber’s station combined with auto-

matic switching arrangements at the satellite ¢

office whereby interconnections may be made be-
tween any of ‘the trunks and any of the sub-
scriber lines, service may be given to all the sub-
scribers not only for intercommunication with
each other but to and beyond the central office.

Systems of this type are known. One such
system is disclosed in the application of Fitch et
al.,
Modified forms are disclosed in Lucek Patent
2,228,279, dated January 14, 1941; Kinkead and
Lucek Patent 2,340,599, dated February 1, 1944;
and Krecek Patent 2,368,666, dated February 6,
1945. It will be noted that each of -these prior
systems includes full-duplex trunks between the
central office and the satellite office.
pense of installing and maintaining these trunks
is considerable and a principal object of the pres-
ent invention is to provide a system in which the
trunks are half-duplex together with attendant

simplification of apparatus and. consequent re-.

ductions of cost and maintenance.

Another solution of this problem is dlsclosed
in Large Patent 2,356,067, dated August 15, 1944;
this' system operates upon a jack per line b_asis

(one jack multiple at the central office for each

subscriber’s line).  That arrangement is more ex-

pensive to install and maintain than the arrange-’

ment of the present application; it operates, of
course, upon. pr1n01ples which are consxderably
different.

Other attempts to. give a somewhat similar
service have involved the use of dial code which
is relatively undesirable from an operating stand-
point because it introduces additional transmls-
sion elements and other complexities, -

The ex- !
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Still other arrangements have involved not
only the difficulties inherent in the use of dial
code but also required the transmission of three
signaling conditions over the trunks which made
it impossiblie to use standard telegraph repeaters,
if indeed any repeaters at all are useable in the
trunks -of such systems and, furthermore, such
systems - are -entirely . unsuitable - for extending
communication paths established to the central
office beyond the central office and, furthermore,
are lacking in satisfactory. call and supervisory
means.

The present system- results from efforts to in-
corporate the essential and most desirable fea-
tures of a system such as disclosed in the. Kin-
kead and Lucek Patent 2,340,599, supra, into a
system utilizing trunks operating on the half-
duplex principle instead of the full-duplex prin-
ciple together with the attendant simplicity of
circuits and economy of operation and main-
tenance.

In Lucek Patent 2,368,715, dated February 6,
1945, there is disclosed and claimed a system
including conference circuits which serve sub-
scribers, whose lines terminate at a satellite office,
which may be connected into an intersubscrib-
er's conference circuit under remote control by
the adjacent central office operator or under
manual control by an attendant, serviceman or
night attendant at the satellite office. In that
Lucek application, the trunk circuits are of the
full-duplex type. This present system as dis-
closed herein includes the option of equivalent
conference circuits in a system employing half-
duplex trunks; this, therefore, is another feature
of the invention.

In certain localities a system of this type may
be required to operate over trunks of different
types, some of which may be subject to con-

_siderable interference, such as simplex phantom

cable circuits, grounded direct current telegraph
circuits subject to un-neutralized ground poten-
tials, open wire circuits, etc. The system herein
disclosed includes as a feature a balancing con-
ductor whereby voltages emanating from extrane-
ous sources and induced in the transmission trunk

‘may be neutralized, thereby improving the trans-

mission not only with respect to supervisory sig-

‘nals but also with respect to communication sig-

nals.  This neutralizing conductor is not an ele-
ment essential for every application of the sys-

-tem and it may be omitted simply by leavmg off

the conductor.
It is desirable that a system- of - this type be
adapted to operate over trunks subject to high
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and variable line leakage. A telegraph transmis-
sion system has been devised in recent years
wherein the telegraph transmission in either di-
rection is completely independent of variations
in line leakage, on the assumption that the leak-
age is equally distributed throughout the line, or
upon the equivalent assumption that the leakage
is effectively concentrated at the mid-point of
the line. A further feature of the present in-

vention consists of half-duplex frunks.so designed !

and so cooperating with the remaining elements
of the system that this advantageous method of
transmission may be utilized. Such method of
transmission -is sometimes referred to as a type
B polarential system and such expression will be
used herein in reference to it.

An embodiment of the invention is comprised
in the system herein described, the essential ele~
ments of the circuits of which are illustrated in
the accompanying drawings.

The drawings consist of nineteen sheets.

Fig. A is a diagram showing how Figs. 1 to 19,
inclusive, shall be placed to form a complete cir-
cuit diagram illustrating the invention.

Pig, 1 shows a local subscriber’s station in de-
tail and four other local subscriber stations in dia-
grammatic form;

Fig. 2 shows the subscriber’s line circuits re-
spectively associated with the local subscriber sta-
tions, one of the line circuits being shown in de-
tail. Also shown in Fig. 2 is the link’ circuit
whereby any one or more of the local subscriber
stations may be connected to one or more trunk
circuits;

Fig. 3 shows the subscriber’s sequence circuit;

Iigs. 4 to 7 inclusive, show the conference
circuit.  Fig. 4 represents ten conference sub-
scriber access circuits, one of which is shown in
detail ‘and another is shown in diagrammatic
form. Fig. 5 shows the automatic control circuit
for the conference circuit. - Fig. 6 shows the trunk
-conference branch which is common to the system
and is adapted for connection to any one or more
of ten of the subscriber stations. Fig. 7 represents
ten subscriber conference branch circuits one of
which is shown in detail. The subscriber ¢on-
ference branch circuits are adapted for connec-
tion to any one or moreé of ten local subscriber
stations to the trunk conference branch circuit.
By means of access circuits ten predetermined
lecal subscriber stations may be automatically
connected to the trunk conference branch circuit.
By means of jacks in each of the subscriber con-
ference branch circuits any one of the local sub-
scriber stations may be manually connected to the
trunk branch conference circuit. An access cir-
cuit is at times referred to as an applique circuit
and may be defined as an assemblage of cir-
cuitally interconnected elements supplementing a
principal assemblage of circuital elements (which
is generally completed and usefully operable in

and of itself) to perform or permit the per~

formance of supplemental or additional functions.

Figs. 8 and 9 show the terminating eguipment
for two concentrating unit trunk circuits, located
at the concentrating unit switching center. The
terminating equipment for one of these trunk cir~
cuits is shown in detail and the other is shown in
diagrammadtic form;

Figs. 10 and 11 show the terminating eqmprﬂent’

located at the central office and terminating one
of the trunk circuits, the one trunk being the
same as that whose terminating equipment st tiie

concentratmg unit switching center ]S shown in

detail in Figs. 8 and 9;
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Fig. 12 shows & cord circuit at the central office;

Fig. 13 shows the trunk sequence circuit;

Pig. 14 shows the miscellaneous alarm circuit;

Figs. 15, 16 and 17 show the director circuit;

Fig. 18 shows the all-trunks-busy circuit, and

Fig. 19 shows the test circuit.

The link circuit shown in Fig. 2 comprises a
switching instrumentality well known in the art
as a “cross bar switch,” certain forms of which
are described in United States patents to Rcynolds
2,021,329, dated November 18, 1935, and 2,047,38
dated July 14, 1936. As dhclosed a Cross ba1
switch comprises sefs of contacts usually arranged
vertically and crossing, or coordinate, sets of con-
tacts arranged horizontally. Horizontally ar-
ranged -contacts in g horizontal row, or in several
horizontal rows in the case of a system using the
several switches, are prepared by a selecting mag-
net, which in the present case, is associated with
a trunk. When a horizontal row of contacts is
prepared by a selecting magnet and a holding
magnet, which is associated with an entire vertical
column of contacts, is operated; the set of con-
tacts at the crossing point of the row associated.
5 with the selecting magnet and the column asso-
ciated with the holding magnet are brought into
conductivé engagement. Imimediately thereafter
the selecting magnet may be released and other
contaets of its horizontal row will not be brought
into engagement when other holding magnets are
operated but the set of contacts already engaged
will remain engaged until the holding magnet
which: caused them to become engaged is released.
Usually the operation of the holding magnet oper-
ates or causes to be operated othier contacts which
render the line or circuit associated with the hold-
ing magnet busy during the time the holding
magnet is maintained energized.

The use of reference characters has been kept
to a rigid plan. Thus all relays shown in each
figure have reference characters consisting of
numerals and letters, the numerals shown as
prefixes corresponding to the figure number in
which the particular relay is located. All other
parts of the circuit are designated by numerals
only, for instance those parts of Fig. 1 are desig-
nated with numerals between 100 and 199, those
in Fig. 2 are designated with numerals between
200 and 299 wherein the hundreds digit designates
the figures in which the particular part is found.

In some cases, in order to avoid the extending
of a plurality of conductors through one or more
sheets, these conductors are shown terminated on
one sheet in a dot and dash line designated as a
single conductor, the dot and dash line extending
through one or more sheets to 2 point where the
plurality of conductors are again shown,

The system is composed of partg referred to in
engineering parlance as “circuits”’ and each figure
of the drawings is designated with a legend setting -
forth its relationship to the system. The general
functioning of each part of the system is set forth
hereinafter under headings individual to the vari-
ous parts ag follows:

Local subscriber station -

In Fig. 1 there is illustrated in schematic form
a local subscriber station 182 connected with the
concentrating unit switching center by a pair of
conductors such as those designated T and R.
Other local subscriber stations 18, 193, 104 and
{85 are shown in diagrammatic forin. - As will be
hereinafter described, station {82 herein shown
in schematic form and station 103 are arranged
for automatic connection to a conference circuit,
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whereas stations 101, 104 and 105 are arranged
for non-conference purposes but may, if so de-
gsired, be connected to the conference circuit by
manual means employed by the attendant at the
concentrating unit switching center.
tion only, that is, the one shown in schematic
form, is selected herein for description of oper-
atlon in detail,

Referrmg to local subscriber’s station 102
shown  in schematic form the subscriber’s loop
comprises conductors T2 and R2 and a printing
telegraph sending and receiving unit 102’ Unit
102’ comprises a printer magnet 106, a set of

-sending contacts 107 and a suitable motor 108
equipped with a pair of stop contacts 109 which
will open by mechanical means when motor stop
signals are transmitted or received. External of
the printing telegraph set, or unif, are start or
power switch 110 for starting the printer set mo-
tor, a stop, or break, key (il for stopping the
printer set, a ringer, or-bell, 1{2 whereby the cen-
tral office operator may signal the subscriber’s
station, a test key {13 for testing locally the
printer set when the loop circuit is arranged so
that the ringer may be operated from the cen-
tral office, a flash key 114 for signaling the cen-
tral office and several relays, the functions of
which will be hereinafter described.

For the details of the printing telegraph send-
ing and receiving unit 107, reference may be had
to United States Patent 1,904,164, granted to
S. Morton-et al. on April 18, 1933.

Subscriber station line circuit

Each of the subscriber station loop circuits
shown in Fig. 1 terminates in a subscriber sta-
tion line terminating circuit at the concentrating
‘unit switching center as shown in Fig. 2. Only
the line terminating circuit 202 associated with
printing telegraph sending and receiving unit 182
is shown in detail. The line terminating circuits
. 201, 203, 204 and 285 respectively associated with
- the other subscriber stations, are shown in dia-
grammatic form.

The functions of the subscriber station line
terminating circuit are as follows:

1. The circuit is arranged to register the sub-
seriber’s calling-in signal and start the sequence
circuit to permi$ routing the call to the central
office.

2. Tt lights the call lamp, such as lamp 206,
for circuit 202, when the subscriber calls, until
such call is routed to the central office.

3. When all available trunk circuits are busy
this circuit will be connected to an all-trunks-
busy level on the link, or cross bar, switch and
will release the sequence circuit. Connection to
the all-trunks-busy: level is mamtamed until the
subscriber disconnects.

4. When the subscriber line on an outward call
is connected to a trunk circuit the subscriber sta-
tion line terminating circuit returns to normal
releasing the sequence circuit.

5. It is provided with a set of test Ja.cks such
as jacks 207 and 208 for circuit 202, which will
permit testing of the subscriber line for line con-
ditions and for transmission, and for testing the
subscriber station ecircuit.

6. The jacks, such as jacks 287 and 208 for cir-
cuit 202, are also -available for -operation of the
unit on a manual basis in case of faﬂure of the
.automatic apparatus.

7. The jack, such as jack 207, can be used to
make the particular line test busy, out-of- order
or unassigned to inward calls.

One sta-
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8. The jacks, such as. jacks 207 and 208, are
available for continuous monitoring of the sub-
scriber line by means of & test circuit.

9. The same jacks can also be used to patch a
subscriber line to a practice circuit.

When a local subscriber originates an outward
call, that is, a call through the concentrating unit
switching center to the central office switchboard,
the closure of the subscriber loop circuit by the
operation of the power switch, such as start switch
110 at station 102, causes the operation of the
line relay such as relay 212 in line terminating
equipment 202. The line relay upon operating
connects ground at each of its two lower arma-
tures and front contacts to two conductors which
extend into the subscriber’s. sequence ecircuit
shown in Fig. 3. These ground connections cause
the sequence circuit to attempt to route the call
to the central office switchboard. The calling
subscriber line or. loop -circuit remains. in this
operated condition until the line is either con-
nected to the trunk or the automatic equipment
is either connected to a trunk extending to the
central office or finds no trunks available.

- If the automatic equipment at the concentrat-

ing unit switching center finds no available trunk
to the central office, the sequence circuit con-
nects the subscriber loop, or line, circuit to the
top level in the cross bar switch of the link cir-
cuit (Fig. 2), in the same manner that a sub-
scriber loop circuit is connected to one of the
lower, or idle, trunk levels. The top level is con-
nected to the all-trunks-busy circuit shown in
Fig. 18 and the lower levels are connected to
trunk circuits extending to the central office. The
all-trunks-busy circuit upon being engaged by
a calling subscriber loop produces impulses rep-
resenting a “no circuit” condition by a “letters”
signal or impulses representing a “K” signal, as
required, which wheén transmitted to the sub-
scriber gives an indication relative to the avail-
ability of trunks. The subscriber may recall after
disconnecting.

If an idle trunk is found and connection to the
subscriber loop or line circuit is ordered by the
automatic equipment, the sequence circuit by
means of a ground connection catises a hold mag-
net associated with the calling subscriber line to
operate. Hold magnets 2HI, 212, 2H3, 2HE and
2H5 are associated with the lines of subscriber
stations 101, 102, {93, 184 and {05 respectively.
The operation of any one of the hold magnets
opens the normally closed contacts of the oper-
ated magnets and thereby causes the release of
the line relay of the calling subscriber line and
releases the sequence circuit. The release of the
line relay extinguishes the call lamp, such as
lamp 206.

Jacks for each of the subscriber line terminat-
ing equipments, such as jacks 207 and 208 for

.equipment 202, when patched to a similar pair,

such as jacks 1902 and (903 in the test circuit
(Fig. 19), permit the test circuit to look toward
the subscriber line for testing line, transmission or
communicating directly with the subscriber or
into the subscriber line relay equipment for test-
ing purposes. These two jacks, such as jacks
207 and 208, are available also for emergency con-
nection between a line and a trunk on a manual
basis when the automatic equipment fails. These
two jacks when connected to the monitoring jacks
1902 and 1903 of the test circuit will permit con-

‘“tinuous monitoring of the subscriber line without

interfering with inward or outward calls. Jacks,
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such as those designated 207 and 288, of the sub-
scriber line circuit can also be patched to a prac-
tice circuit which permits the subscriber to prac-
tice. One of these jacks, such as jack 207, when
alone patched to an ocut-of-order or busy jack
will cause the subsecriber line to test out-of-order
or husy to inward calls. A dummy plug inserted
into a jack, such as jack 2087, will create an un-
assigned test for inward calls at the same time
removing grounded battery from the subscriber
line. Each of the subscriber line ferminating
equipments 204, 204 and 205 is arranged to con-
nect to a frunk circuit via a direct connection to
the crogs bar switch of the link circuit, but sub-
seriber line terminating equipments 202 and 203
are arranged first for automatic connection to the
conference circuit and then extended through the
cress bar switch of the link circuit to a trunk
circuit. By showing each of line relays 2L{, 2L3,
2L4 and 215 and their operating circuits in their
respectively assoclated terminating equipments
201, 288, 284 and 295, an understanding of the
operation of these equipments is had by refer-
ence to the detailed illustration and description
of operation of terminating equipment 202 herein.
Conducters 208 to 215 of equipment 202 respec-
tively correspond to conductors 216 to 222 of
equipment 28! and to the corresponding conduc-
tors shown entering each of the diagrammatic
arrangements 203, 204 and 265 in the same rela-~
tive positions.
Link circuit

This circuit acts as a selectable connecting me-

dium between trunk circuits and subscriber sta- -

tion line terminating circuits. It can also con-
nect a subscriber station line to an all~trunks-
busy circuit. If utilizes ag its connecting medium
a coordinate or cross bar switel structure. Those
subscriber stations which are not arranged for
automatic connection to the conference circuit
are connected directly to their respective holding
magnets of the link circuit shown in the right-
hand part of ig. 2. Those that are arranged for
automatic connection to the conference circuit
are respectively connected to holding magnet of
a special link or connector circuit 'shown in the

left-hand part of Fig. 7, the gpecial link circuit .

forming part of the conference circuit.

The functicns of the link circult are:

1. When a selecting magnet, that is, one that
is associated with a particular trunk circuit, and
a holding magnet are opergted in the proper se-
quence, the particular trunk cireuit -with which
the operated selecting magnet is asscciated will
be connected to the subscriber station line cir-
cuit with which the operated holding magnet is
associated.

2. Off-normal contacts on the selecting magnet
insure, upon thie establishment of a connection,
that the magnets are operated in the correct
sequence. :

3.. When the holding magnet is operated it will
lock under coutrol of the trunk circuit in order
that the operated selecting magnet may be re-
leased.

4. The holding magnet contacts perform the
“cut-off” functions required in the associated sub-
seriber line civeuit upon establishment of a call.

In an idle condition all magnets are released
and the tip and ring conductors of the subscriber
loop are connected through the subscriber line
terminating circuit. For subscriber station 102
the tip and ring conductors are designated T2
and RZ respectively, and will be open at the sta-
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tion when the station is idle. Should the station
in question be one arranged for non-conference
purposes, grounded battery in the subscriber line
terminating equipment and ground connected to
the widing of the line relay are furnished for
operating the line relay such as line relays 2Lt
and 2L2 respectively shown in equipments 204
and 2062.

When a subscriber originates a call as by oper-
ating the teletypewriter start switch, the tip and
the ring conductors of the subscribe1’s line close
to complete the loop circuit through the station
teletypewriter, and the line relay such as relay
212 of equipment 202 will operate to energize the
sequence circuit. When the sequence circuit de-
termines that the subscriber is next in turn, an
idle trunk will be seized. 'The sleting magnt
which is associated with the trunk thus selected,
such as magnet 4SM1{ for trunk 801, and magnet
2SM8 for trunk 808, will be ehergized to position
the selecting fingers of the cross bar switch. The
closure of the selector off-normal contacts (arma-
ture and contact of the operated selecting mag-
net). will operate relay 14D, and relay 14D upon
operating connects ground through low resistance
1401 to a conductor extending through the se-
quence circuit to energize the hold magnet asso-
ciated with the calling subscriber line circuit; the
hold magnet may be one of those designated
Z2EI, 2H?2, 263, ¢HA4 and 2HS which represent
a group of five subscriber lines.. Operation of the
hold magnet will eause the closure of the main
switching contacts at the intersection correspond-
ing to the selected trumnk and the calling sub-
scriber line.

When an inward call is originated by an op-

erator at a switchboard in the distant central
office, a trunk is selected in the usual manner
by the operator. The selecting maghnet associ-
ated with the selected trunk is operated in ad-
vance of the completed selection of the desired
subscriber line. If the desired subscriber sta-
tion is idle the closed condition of the selected
off-normal contacts will cause a resistance ground
(resistance 1401) to be routed through the di-
rector circuit. and- the selected subscriber line to
grounded battery through the winding of the hold
magnet of the selected subscriber line, the hold
magnet being one of those designated 21 to 2H5.
The conductors T and R of the called subseriber
station will, therefore, be connected through the
operated contacts of the cross bar switch of the
link circuit to the trunk circuit selected by the
operator.
- In the event that all trunks are busy when an
outward call is originated from a subscriber sta-
tion, the sequence circuit causes the selecting
magnet 28M8, associated with the first idle all-
trunks-busy circuit as in cases where two all-
trunks-busy . circuits are provided, to operate
whereby ground is connected at the off-normal
contacts of the magnet to maintain operated the
hold magnet associated with the calling sub-
scriber line. The operated hold magnet locks
and disconnects the subscriber line circuif, caus-
ing: the release of the sequence circuit and the
operated selecting magnet.. The calling sub-
scriber station is, therefore, held connected to the
all-trunks-busy cireuit -until the latter circuit
receives the subscriber’s disconnect signal after
which it permits the hold magnet to release and
return to normal. The connection to the all-
trunks-busy circuit is established over the first,
or uppermost, level of the cross bar switch shown
in Fig. 2.
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Sequence and miscellaneous alarm circuit

The sequence and miscellaneous alarm circuit
is shown in Figs. 3, 13 and 14, the miscellaneous
alarm equipment being shown in Fig. 14. This
circuit is designed to care for the sequence of
calls through a line concentrating unit switch-
ing center as shown in Fig. 3, and is arranged
to permit the routing of one call only at any one
time through the automatic switching center as
shown in Fig. 13.

The functions of the sequence and miscellane-
ous alarm c¢ircuit are as follows:

1. This circuit is arranged to permit only one
subscriber at any one time the privilege of com-
pleting a call through the concentrating unit and
that only when no inward call is in process of
completion.

2. This circuit is arranged to permit only one
call from the central office to seize a director. cir-
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cuit and complete a communication path through =

the concentrating unit switching center and that
only when no subscriber call has seized the rout-
ing privilege.

3. In case of trouble on an outward call this

circuit, after a time interval of approximately .~

four seconds, will release the call from the seized
trunk, locking this trunk out of service, sound
an alarm, and endeavor to complete over the next
idle trunk.

4. In case of trouble on an outward call which"

is not trunk trouble, this circuit will lock-up the
subscriber group in which the originating sub-
scriber line is included and sound an alarm after

an interval of five, fifteen or fifty seconds, de-

pending upon the progress of the call.

5. In case of trouble on an incoming call which
exists for fifteen seconds; the trunk in trouble
will be locked-out of the sequence chain, an

alarm will be sounded and out-of-order signals

will be returned to the distant end.

6. This circuit is arrahged to allot, in prede-
termined order, idle trunks to subscribers calling
the distant central office.

7. In case all trunk circuits are busy this cir-
cuit is arranged to measure the length of time
this condition exists.

8. 'This circuit is arranged to advance the trunk
chain shown in Fig. 13 to the next idle trunk
immediately after each subscriber calling the
central office has obtained a routing through the
concentrating unit switching center and before
the sequence circuit is permitted to handle the
next call in either direction. ,

9. If one or more trunk calls from the central
office are awaiting service this circuit will start
and keep the distributor motor “in speed.”

10. This circuit is arranged to complete calls
both inward and outward on a manual basis if
manual service key 3081 is operated.

11, During manual service period lamp 1801 -

also serves as a disconnect lamp.

12. This circuit is provided with a mght alarm

buzzer primarily for use during periods of man-
~ual operation to indicate a receptlon of an in-
ward or outward call.

Subscriber line circuits are connected to the
sequence circuit in groups of a maximum of five
lines each, relays 3SA, 380 and 3SC being com-
mon to the lines of each group. In a similar
manner relays 13ST2, 13TA, I13TC and 13BOX
are common to a group of a maximum of five
trunks, relays (3AD, {3DC, 13BO and |3DL being
individual to each of the trunks of a group. In
general, an outgoing call originated by a sub-
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seriber must secure the exclusive right to use the
sequence circuit for the short time interval re-
quired to establish the direct connection through
the link circuit. The operation of the remain-
ing relays which are shown within the dot and
dash line. block designated “one per office” in
Fig. 3 of the sequence circuit, as well as those
relays shown in the miscellaneous alarm circuit,
when cooperating with the relays mentioned
above as cominon to the subscriber lines of each
group and as common to the trunks of each
group, assures that all groups of five subscriber .
lines and all groups of five trunks, other than

the first group energizing the sequence circuit,

will be excluded. ‘The operation of such remain-

ing relays then excludes all units, subscriber or

trunk, in the particular group other than the

one seizing the circuit. In normal operation, a

trunk circuit receives preference in the sequence

circuit seizure. When a trunk call is successful

in securing the sequence circuit, the trunk cir- .
cuit is connected to a director circuit which trans-

lates the pulses received from the switchboard

operator at the distant central office 1nto the

number of the desired subscriber line.

Tn case of an emergency, such as when the
automatic features of the circuit fall, manual
service key 301 will be operated by the atterfdant
The key, when operated, makes the frunk se-
quence ineffective so that a director circuit cannot
be attached to a trunk and the subscriber portion
of the sequence circuit cannot complete its task of
automatically selecting an idle trunk and con-
necting the subscriber station to it. The opera-
tion of key 301 causes manual service lamp - aaz
to flash.

Trunk circuit

The equipment shown in Figs. 8 and 9, at the
concentrating unit switching center, terminates a
two-way half-duplex trunk, arranged for auto-
matic signaling supervisory features, the opposite
end of the trunk citcuit terminating at the central
office. 'The trunk circuit is shown extending
through the second level of the link circuit shown
in Fig. 2. A second trunk circuit 809 shown in
.diagrammatic form, is extended through to the
lowermost level of the link circuit. .

The functions of the trunk circuit equipment
at the concentrating unit switching center are as
follows:

1. On an outward call from a subscriber station
connected directly to the concentrating unit
switching center, the stbscriber loop is connected
directly to the selected trunk, ~a continuous
“mark” is sent to the central office to light the
lamp in the operator switchboard and the se-
quence circuit is released.

2. While awaiting the answer to the opelaun at
the central ofﬁce the subscriber can “flash” the
switchboard lamp. Under this condition the cir-
cuit sends alternate high resistance ground and
“mark” sighal to the central office in unison with
the operation of the power switch at the sub-
scriber’s station set.

3. If the calling subscriber. abandons an oui-
ward call before the operator at the central office
answers, this circuit replaces the “mark” .condi-
tion of the trunk with a high resistance ground
which causes the calling lamp in the operator
switchboard to become extinguished and thereby
indicate to the equipment at that end that a dis-
connect release is required. Upon receipt of the
negative disconnect.signal from the central office,
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the concentrating unit switching center equip-
ment returns to normal.

4. A break signal originated by a subscriber
whose station is connected to the concentrating
unit switching center produces no effect on this
circuit other than the placing of a spacing con-
dition on the line.

5. A prolonged space signal received from the
central office or distant subscriber connected
thereto, operates the polarized receive relay 9R in
this circuit to hold the connection intact. After
an interval of six seconds intermittent closures
are placed on the trunk at the central office end
to enable the subscriber connected to the con-
centrating unit switching center to register a dis-
connect signal. - )

6. When the trunk circuit is seized at the cen-
tral office end, ringing current is autcmatically
applied to the trunk at that end for a one-second
interval, to condition the terminating equipment
at the concentrating unit switching center for the
reception of a call and to secure the director
circuit.

7, When the director circuit is attached .and
ready to receive pulses, the high resistance ground
condition on that end of the trunk at the concen-
trating unit switching center is replaced by a
marking condition to extinguish the cord super-
visory lamp in the central office switchboard as an
indication that the selecting pulses should be sent,

8. If, after obtaining the use of the sequence
circuit, the calling trunk fails to secure a director
circuit or after securing a director circuit, fails.to
place the call directing pulses, the sequence cir-
cuit will “time out” and energize an alarm . cir-
cuit. In the case where the director circuit has
been secured it will be released and the trunk will

again be terminated in the high resistance ground.”

9. When the directing pulses are received from
the operator at the central office they are trans-
mitted to the director circuit which tests the
called subscriber loop or linr; and energizes the
link circuit to establish' the connection if the
called loop, or line, is idle.

10. If the called ling is busy, out of order, or
unassigned, a signal characteristic of the condi-
tion is produced in the director circuit and trans-
mitted to the central office at the distant end of
the trunk.

11. When the trunk circuit is connected to the
called line, the sequence and the director circuit
are dismissed and the trunk circuit again is termi-

nated in the high resistance ground condition. At .

the same time a source of ringing current is auto-
matically connected to the called subscriber line
if the automatic ringing feature is present. In
the case of manual ringing the operator at the
central office sends ringing current over the trunk
which causes the terminating.equipment at the
concentrating unit switching center to connect
ringing current to the line.

12, When' the subscriber answers at the called
station, this circuit during the silent interval dis-
connects the automatic ringing and sends a mark-
ing signal to the central office by replacing the
high ‘resistance ground termination with the
trunk repeater at the concentrating unit switch-
ing center.

13. After the subscriber has disconnected, the 7

operator can rering the subscriber station by
sending a short ringing signal from the central
office which again starts the automatic ringing of
the subscriber’s line.

14. The trunk circuit is provided with jacks 835
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and 836 to permit manual connection of lines in
case of failure of the gutomatic equipment.

15. Jacks are provided for patching a ineter to
the repeater circuit to measure the current in the
line and biasing circuit and to indicate the dif-

-ferential current in receive relay SR.

16. Facilities are provided for balancing the
repeater for use with composited or non-com-
posited lines or spare cable conductors.

17, The trunk is operated by a method known
in the art as the type B polarential method; with
this species of the type B polarential method pro-
vision is made for polar sending over the line
circuit from the satellite office to a polar receiv-
ing repeater at the distant central office; the
trunk terminating equipment at the concentrat-
ing unit switching center comprises a repeater
arranged for polar sending and differential re-
ceiving, whereas the trunk terminating equip-
ment at the distant central office comprises a
repeater arranged for differential sending and
polar receiving. The resistance in series with
the winding 3 of relay SR is approximately equal
to the line resistance and produces the type of
transmission which is practically independent of
resistance in line leakage as disclosed in Cramer
Patent 2,131,870, October 4, 1938.

18. Equalization networks atre provided to re-
duce the characteristic distortion in the received
signals. , , - . )

The repeater elements of this terminating
equipment are designed to operate half-duplex
only. The equipment of the trunk shown in de-
tail will now be described in a general way. An
adjustable balancing network in artificial line
982 connected to winding No. 2 of receive relay
SR is provided to balance the telegraph line 90!
connected to the repeater. When a balance is
obtained between the line 901 and the artificial
line 902, the differential effect of the currents in
windings Nos. 2 and 3 of receive relay SR remains
constant during transmission of signals by send
relay 9S. This balarice enables signals to be
transmitted in either direction over a single con.-
ductor 901.

A duplicate set of balancing equipment is pro-
vided for use when a neutralization conductor 803
is required. Conductor 983 serves to neutralize
voltages induced in transmission conductor 902
from extraneous sources, such as earth potential
differences. Conhductor 903 is arranged for con-
nection to winding No. 4 of receive relay SR and
its artificial line is connected to winding No. 5
of relay 9R. The neutralization conductor 963
and artificial line 904 are likewise provided with
adjusting networks to 'effect the necessary bhal-
ance.

During the idle condition the central office end
of the trunk is terminated in ground at the back
contact and upper armature of relay {{—Cl. At
the concentrating unit switching center where
the trunk circuit is used for two-wire termina-
tion, the second or neutralizing wire forms a loop
with the first or transmission wire, through re-
sistance 931 of relatively high value, and winding
of relay 9L, the two latter elements being shunted
by an alternating current relay 9R{ and con-
denser 986. The repeater relays 98 and 9BK and
the filament of vacuum tube 89 are not ener-
gized; the receive relay SR is energized through
its No. 1 winding which is provided for biasing
purposes and all the other relays except relays
8G and 8GI are normal. Relays 8G and 8G!
are held in their left-hand positions as shown by
currents in their lower windings.
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In the case of emergency such as when the
automatic equipment fails to operate, jacks 835
and 836 of the trunk may be manually patched
by the attendant to a similar pair, say jacks 201
and 208, in.any desired subscriber line circuit so
that the trunk will connect through to the desired
subscriber’s. loop. When the double plug is in-
serted in the two trunk jacks, the selecting mag-
nets associated with the trunk, say magnet 2SM|
for the trunk shown, are prevented from operat-
ing and off-normal relay 8—ON operates. ‘When
the trunk so engaged is returned to automatic
operation, the desired subscriber’s line remains
busy until the patch is removed. Similarly, the
trunk is rendered busy and is prevented from se-
curing a director circuit.

Three balancing keys 908, 389 and 810 are pro-
vided for controlling the capacity balance for the
operating (transmission) and the neutralizing
wire. By connecting the capacity for the oper-
ating wire and the neutralizing wire on the same
set of keys, a duphcate balance on each of the
wires is assured.

Key 941 is provided for connecting and discon-
necting the composite balancing equipment in
the artificial line circuits of the -operating and
the neutralizing line. Both sets of composite

[
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20

balancing equipment are connected through the -

‘same key, so that they are connected or discon-
nected at the same time. '

Five apex keys 812 to 816 are provided to con-
trol the resistance in the apexes of the operating
and the neutralizing line. Each of these keys is
. arranged to affect the resistances in each of the
apex circuits alike,

The repeater is equlpped with. four. jacks 917
to 920 so that a test unit meter may be patched
into .various circuits of the repeater in order to
facilitate adjustment and balance.
917 is provided in series with the operating line
of the repeater for checking the line current and
permitting ' observation of signals  transmitted
over the line and the reading indicated on the
test unit meter is the actual line current. Bal-
ance jack 918 is provided for connecting the test
unit' meter to indicate the differential current

Line jack:

40

7.

The bias potentiometer 928 is provided in the
biasing circuit of relay SR so that the value of
current in the biasing circuit may be  properly
adjusted. The balance resistance potentiometer
consists of two units 929 and 930 mounted on-a
single shaft and is used to. obtained direct cur-
rent balances in the artificial line circuit of the
operating and the neutralizing wire.

Receive relay 8R is provided for receiving sig-
pals over the trunk shown extending from the
distant central office and retransmitting them to
the desired local subscriber loop. Thisg relay Is
equipped with five windings which are arranged
for connhection in five circuits. Winding No. 1 is

used for biasing the relay, winding No. 3 is con-
nected to the line circuit, winding No. 2 is con-
nected to an artificial line ¢ircuit which is used
for balancing the line circuit, winding No. 4 is con-
nected to the neutralizing wire and winding No. 5
is connected to -an artificial line circuit for
balancing the neutralizing wire.

Relay 98 is provided for receivi ng signals from
the local subscriber lcop and retransmitting them
to the line circuit. This relay is equipped with two

= windings one of which is connected in series with

the subscriber loop and the other winding is con-
nected in series with an artificial line. :

Relay 9BK is connected in sevies with relay 35
and is used for “breaking.” Its function is to dis--
able relay 9R while g spacing signal is being sent
from the subscriber station. This is accomplished
by connecting grounded battery 936 through the
contacts of relay 9BK to the spacing contact of
relay 9R. When relay 9BK oberates to its spacing
contact, the battery normally connected to the
spacing contact of relay 9R is removed and the
spacing and marking contacts of relay 8R are con-
nected together.

In adjusting the trunk, capacity adjusting key
911 should be operated for ail composited lines
and for lines having a heavy capacity value such
as simplex phantom cable lines. Key 811 should
be normal for all other lines. With the meter of

" the test unit connected to jack 948 and while

between the operating line and its associated -

artificial line circuit and the reading on the
meter is the actual differential current. ' Balance

jack 919 is provided for connecting the test unit -

meter to indicate the interference on the neu-
tralizing wire for comparison with the interfer-
ence on the operating wire. Bias jack 920 is
provided for connecting the test unit meter in
the biasing circuit (winding No. 1) of receive
1'elay 9R so that the biasing current can be ad-
justed to the proper value for polarential epera-
tion, the resistance shunts on the bias jack being
50 ‘proportioned that the value of current indi-
cated by the meter when the bias current is
properly set will be equal to the curtent obtained
with the meter in balance jack 918 when a spac-
ing signal is transmitted from the polar receiv-
ing repeater.
provide the corréect biasing current through the
smaller number of turns in the biasing winding
to make their magnetic effect equal to that of
the turns in the line winding No. 3 of relay 8R.
A millimeter suitably adapted for the present
system is of the single coil type, has a double
indicating scale with a zero mid-point and is
designed to operate in opposite directions in ac-
cordance with the direction of the operating cur-
rent. - Such a_ meter -is disclosed in Cummings
United States Patent 1,809,026, dated June 9, 1931,

This biasing circuit is arranged to.

GO

slowly opening and closing the “send” loop of
the repeater at jack 811, one may vary the poten-
tiometer 929 until the steady deflection of the

"milliammeter is the same with the loop open as

it is with the loop closed. Vary the artificial line
capacity by operating the capacity balance kays.
908, 909 and 910 until the kick of the mlliam-
meter needle in either direction caused by cpening
and closing the “send” loop is a minimum, Tt

‘Tnay be necessary to repeat this operaticn in order |

to determine whether or not the apparent ca-
pacity ‘unbalance is due to interference rather

-than the capacity difference betweén the oper-

ating line and the artificial line.

When one wire is used for transmission and the
other for neutralization of ground potentials, the
balance on the second wire may be made identical
to the balance on the first wire. . This may be ac-

" complished by connecting the balancing arrange-

ment of the second wire to the control elements
used for the balancing arrangement for the first
wire, and. by causmrr them to insert equal im-

- pedances

For polarential operatlon of a tlunk civeuit:

~ polar signals are tlansmltted in one direction and

75

‘direction.

differential signals are transmitted in the other
In the system herein descrived the
concentraf,mg unit sthchmg center is -equipped
with. a repeater arranged for polar. sending and
differential receiving and the distant central office
is equipped with a repeater arranged for differ-
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ential sending and polar receiving. At the polar
receiving end the marking poctential is ground.
When the spacing battery is the same polarity at
both ends, the system is called type “B” polar-
ential. On a polarential system without leakage
or ground potential the current in the operating
line of the trunk and the balancing winding of
the received relay, such as relay SR, of a polar
sending repeater have equal effects on the relay
when the distant end of the operating line is con-
nected to ground. The received relay is held on
marking by the current through the biasing wind-~
ing. The current in the biasing winding is ad-
justed to be half as effective as the current in the
operating line and balancing winding when- a
spacing signal is transmitted  from the distant
central office.  Type “B” polarential operation
permits transmission in either direction over a
single conductor without requiring a readjustment
of the repeater balance at either end of the line
for changes in line leakage. A system arranged
for type “B” polarential operation is disclosed in
Fig, 2 of Cramer United States Patent 2,131,870,
October 4, 1938.

Equalizing networks 944 and 947 each consist- ¢

ing of retardation coils and resistances connected
in series are provided for reducing the character-
istic distortion of received signals. These net-
works are bridged between the operating line and
the artificial line circuit on the trunk side of relay
9R. - When the repeater is arranged for two-wire
~ operation as shown herein two networks are re-
quired, one bridged between the operating line
and its artificial line and the other between the
neutralizing line and its artificial line, both net-
works being on the trunk side of relay 9R. The
strapping of the resistances should be the same in
each network and should be chosen to obtain the
best transmission. Equalizing networks are chiefly
useful on long simplexed phantom cable circuits.

Terminating equipment at the central ofice
switchboard for the frunk circuit extending to
the concentrating unit switching center

This equipment provides a-termination in the
operator’s switchboard at the central office for
half-duplex trunk circuits extending to a distant
line concentrating unit switching center. The
line side of the repeater is arranged for half-

duplex operation over one line conductor func- °

tioning as the operating line with another wire
provided for neutralizing induced voltages. The
Jocal side is arranged for operation into an opera-
tor’s cord circuit. The trunk circuit of Figs. 10
and 11 typifies the terminations of the trunks at
a central office employing the type of cord circuit
illustrated in Fig. 12; modified forms will serve for

- use with switchboards employing other types of
cord circuit.

The functions of the trunk circuit at the
switchboard end are as follows:

1. During the idle condition all relays are nor-
mal and none energized except relay 11— and
11—R which are held on their marking contacts
by local circuits.

2. When a call is originated by a subscriber
through the concentrating unit switching center,
current will flow in the line, resulting in the light-
ing of the answer lamp {101 and busy lamp 1102,
Before the operator has answered, the subscriber
may flash the answer lamp by sending a recall.
The call may be abandoned and the answer lamp
1101 extinguished by the subscriber disconnect-
ing. The busy lamp {102 will remain lighted
until all equipment has returned to norma:l.
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3. The operator upon answering inserts a cord
plug into the jack and the answer lamp 194 will
be extinguished and the transmission path will
be extended into the cord circuit over the tip
conductor. } .

4..The transmission of normal teletypewriter
and break sighals in either direction will not cause
false registration of supervisory sighals.

5. Spacing sighals in -excess of six seconds
transmitted in either direction will cause a dis-
tinctive signal to be sent toward the concentrat-
ing unit switching center and subscriber station.
If the “break” originated at the subscriber sta-
tion local to the switching center, this signal
serves no useful purpose. If the “break’ occurred
in or beyond the cord circuit, the marking por-
tion of these signals provides intervals in which
a subscriber disconnect or recall signal may be
recognized. .

6. When the subscriber disconnects, the equip-
ment at the concentrating unit switching center
connects a high resistance ground, or loop in the
case of two-wire operaticn, to that end of the
line circuit. At the switchboard end, ground will
he applied to the ring conductor of the cord cir-
cuit to light the cord supervisory lamp.

7. The subscriber may recall the operator by
sending a disconnect signal immediately followed
by a new cail. This will momentarily connect a
ground to the ring conductor resulting in a flash-
ing cord circuit supervisory lamp.

8. The operator initiates a call by inserting a
cord plug in the line jack of any idle trunk., The
cord lamp lights and a timed interval of 20-cycle
ringing current is automatically sent out over the
trunk to the concentrating unit switching center
to condition. the equipment at that end and to
secure a director circuit. The director “ready”
signal is & marking condition from the distant
end which extinguishes the cord lamp as an indi-
cation that the circuit is ready to receive line se-
lecting pulses. The overator will then send upper
case teletypewriter code combinations corre-
sponding to the required station number. The
reception of these signals at the concentrating
unit switching center causes connection of the
trunk circuit to the required subscriber station
loop and places an open condition on the line
to light the calling lamp again as & signal to the
operator that she may ring (or that the station
is being automatically rung if that feature is used
at the concentrating unit switching center).
When the subscriber answers, the line returns to
the marking ¢ondition, and the cord lamp is ex-
tinguished.

9. In this supervisory system no provision is
made for, registration of the trip or subscriber
answer during the period in which the subscriber
station is being rung. The subscriber answer may
be registered during the silent interval in the
ringing period. This is registered by the removal
of ground from the ring conductor 1137 to ex-
tinguish the cord supervisory lamp when current
ig caused to flow in the line resulting from the
subscriber answer. ‘

10. The operator may rering the subscriber,
following his disconnect, by applyihg ringing cur-
rent to the line.

11, ‘When both subscriber and operator discon-
nect, this circuit, after an interval of two seconds,
places a negative potential on' the line for ten
seconds to release the equipment at the concen-
trating unit switching center and at the end of
that period the circuit restores to normal.

12, Facilities are provided for balancing the
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repeater for use with composmed Oor NON-com-.

posited lines, or spare cable conductors,

13. Equalization networks reduce the ‘charac-
teristic distortion in the received signals.

14. The telegraph repeater of this circuit is
arranged for d1fferent1al send1ng ‘and- polar re-
ceiving.

This repeater is designed- to operate half-
duplex only. An adjustable balancihg network is
provided to obtain a sufficient balance for the
higher frequency components of the signals.” No
direct current path-is prov1ded in the balancing
network. The balance obtained is a compromise
value between a perfect circuit balance and one
giving the best possible reception of .signals,
During transmission to the polar sending repeater
at the concentrating unit, both the marking and
spacing line currents are in the same d1rect1on

and hold relay |1—R of thé polar receiving re-

peater on its marking, or right-hand, contact.
The balancing network for the operating line of
the trunk circuit consists of one or more suitable
resistances connected in series with intérmediate
strapping and one or more condensers of suit-
able capacity connected in parallel to edch other
. to a common grounded point, the resistances be-
ing represented by that designated 1101 and the
condensers being represented by that designated
1§02. A duplicate set of balancing equipment
comprising one or more. resistances connected in
series with strapping at their intermediate points
and one or more condensers each connected in

parallel to the other connected to a common.

grounded point, the resistances being represented
by that designated 1153 and the condensers be-
ing represented by that designated 1154, is pro-
vided for use in the case of two-wire operation
as shown herein, Both sets of condensers are
adjusted alike to provide the same balance for
each wire. .

Relay i{—R is prov1ded for 1ece1vmg ‘signals

from the distant concentrating unit switching.

center and retransmitting them to the local cord
circuit at the operator’s switchboard.. . This relay

is equipped with five ‘windings for connection in

five circuits, One winding No. 1'is connected
to the operating line.of the trunk and another
winding, No. 3, is connected to an artificial line
circuit which is used for balancing the operating
line. Windings Nos. .2 and 4. are provided for
neutralizing interference, the No. 2 winding is
connected to the neutralizing wire of the frunk
and the No. 4 winding is connected to the artifi-
cial line for balancing the neutralizing - wire:
Winding No: 5 is used in a‘leocal holding circuit
when the trunk is in an idle condition. -

Relay |i—S is provided for receiving signals
from the local cord circuit and retransmitting
them to the operating line of the trunk which
extends to the distant concentrating unit switch-
ing center.
windings. One winding is connected in series
with the cord circuit tip conductor and the other
winding is connected in semes w1th an: art1ﬁc1a1
line.

Relay t1—B is a two-winding relay havmg one
winding connected in series with the operating
line extending to the cord circuit tip conductor.
This relay is used for supervisory purposes.

Relay 180—P has three windings., Winding No.
1 is connected in series with the operating line
of the trunk and winding No. 2 is connected in
series with the neutralizing ‘wire. Wmdmg No. 3
is connected into a hold mrcmt to prevent the
relay from operatmg on small 1nduced line cur-

This relay is' equipped with two’

2]

rents when the line is open or grounded at the
distant end. Relay 1P follows the signals re-
ceived from the distant concentratmg unit switch-
ing center as does relay fi==R. . During trans-
m1ss1on to the concentrating unit switching cen-

E ter the’ absence of any Wlndmgs in the artificial
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hne citcuit causes relay 10—P to leave the mark-
ing, or left-hand, contact in' some conditions.
During transmission from the distant concen-
trating ‘unit switching center, each transition of
the signal as received by relay [0—P causes a
surge of “current through' the-winding. of relay
{0—-H. - These surges in comunctuon with a di-
rect current from the contacts of relay i1—C
hold relay IO—H operated durmg transm1ss1on
condition.”

Relay 1—C has two identical windings. One
of ‘these is inserted in the apex of the operating
line circuit of the trunk.  The second winding i
placed in the apex of the neutralizing line. Re-
lay H—-C remains operated except during cer-
tain transition periods in the signal. Operation
of relay 11-—C in turn operates relay 10— which
is used for supervisory purposes. During the
transitory period of the sighal when relay {i{—C

. releases, the surges from relay IU—P cause relay

30

1—H: to remain operated. The windings of re-
lay 1 1—C are respectively shunted by condensers
1103 and "i104 to by-pass a large part of the
signaling flequency, and- thereby improve trans-

. mission.

During the idle condltxon ‘the operating line

. of the trunk is connected at the distant concen-

35

trating unit switching center to a loop formed
with the extension of the neutralizing wire, the
loop having a resistance of relatively high value.
At the central office end the operating line 901
of -the trunk may be traced through the upper
armature and back contact of relay {§—K, resist-
ance 1003, winding No, 1 of relay 10—P, winding
No. 1 of relay 11—R, resistance |05, retardation
coil” ‘1106, the upper winding of rela,y f1—C to
ground 'on a back contact of relay |I—Cl. The
neutralization wire 863 for a two-wire ‘operation
may be traced through the lower armature and
back contact of relay I10—E, resistance (004,
through the No. 2 winding of relay {0—P, through
the No. 2 winding of relay | {—R resistance 1§12,
retardation coil 1107, through the lower winding
of relay 1—C, resistance {108 to ground at the
armature and right-hand contact of relay f1—S|.
Grounded battery 1109 is connected over a cir-
cuit traceable over conductor {110, resistance 1010

_of relatively high value, middle upper armature
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and contact of relay 10—C2, conductor 1041, to
No. b winding of relay {1—R, to ground whereby
relay i1-R is held operated to its right-hand,
or marking position. Relay 10—C2 through its
noimally ciosed make-before-break contact con-
hects grounded battery conductor (110 to con-
ductor--i0i2 which extends through the lower
windings of relays ii—S and I{—Sl, in séries,
to ground thereby holding relay { {—S in its rlght-
hand, or marking, position.

_ A noise killer consisting of a. retardation coil
1106 and resistance 1105 is prOVided ‘in the apex
of the operating line circuit as a noise suppressor.
Provision is made for a ‘similar arrangement con-
sisting of retardation coil 187 and resistance
{112 in the apex of the neutrahzmg line circuit.
The noise killer is provided in the neutralizing
line circuit so that the neutralizing line and the
operating line will have equal impedarnces. This
is essential to obtain neutrahzatlon over a broad
frequency band,
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i Equa,hzmg networks . consisting of two simildr

units, are prov1ded for reducing the charateristic -

distortion in the received. s1gna1 Each of these
units de51gnated 1155 and (158, is constn;uted of
several. resistances connected in series, cut-out
strappmg at their intermediate pomts and several
retardatlon coils’ eonnected in series with each
other and with the resistances, although in each
unit only one resistance and one retarda.tlon coil
are shown. (Fig, 11).
tween the operatmg line and its artificial line
and the other is brldged between the neutralizing
line and its artificial line, theé bridging arrange-
ment in each case being on the trunk side of relay
{{—R. The resistances in éach network should
be the same and should be chosen to obtam the
best trafismission over the trunk circuit. ‘Equal-
izing nétworks are chiefly useful on long sim-
plexed phantom cable circuits.

When a two-wire trunk ecircuit is used theé ¢

balance on the second wire is made identical to
the balance on the first wire. This is accom-
plished by connectlng the balancmg arrangement
for the second wire thé sdme as for the balancmg
arrangement for the first wire, the adgustment for
balance being made at the concentra,tmg unit
switching center as hereinbefore described.

Two trunk circuits when conriected together at
a switchboard by means of the operator cord cir~
cuit shown in Fig. 12, tend to oscillate when the
two subscriber loops at the distant ends of the
trunks have been opened. This oscillation is such
that relay f1—C and the correspondmg relay in
the trunk circuit connected to the opposite end

of the cord circuit, are held operated by the opera- :

tion of their respectively associated relays stuch
2s that des1gnated {0—P in the trunk shown as
the latter relays follow the oscﬂlamon pulses and
thus no disconnect condition is registered in the
operator cord citcuit. This oscillation is elimi-
nated by means of relays {0—TA, 10—TB, (0—TC
and |{—S{, Relay ln—TA will opefate when re-
ceive relay | I—R is in its spacing position thereby
opening ‘the operatifig circuit of normalily oper-

ated, slow-release relay i§—TE, the normal oper- *

ation of relay {0—TB referring to that interval of
tinie when the operator cord mrcult i{s connected
t0 jack 1124, Relay I8—TA, upon operating, re-
placés grounded positive bat;tely at its back con-
tact and outer Jower armature with ground at the
front contact and inner lower armature of relay
{0—TB whichi ig connected to the front contact
and outer Ioweér armature of relay 10—TA. _
If the spacing cofidition of recéive relay {I—R
is of sufficient duration relay ID—TB releases
thereby adding a very high resistance 1014 to the
circuit extending thiough the No. 3 winding of
relay 10—TC, and conrniecting the spacing contact
of relay 11—S to grounhdin a circuit traceable over
conductor 1118, outer lower armature and flont
contact of relay 10—TA, inner lower armature
and back contact of relay IU——TB through the No.
1 winding, armature and right-hand contact of
relay 18—TC to ground. If a break originates
from the cord circuit at this time, relay (1—S
operates to its spacing contact, ¢onnecting nega-
tive battery at the marking contact of relay 98 at
the concentrating unit §witcHing center to a cir-
cuit extending over the operating line of the con-
centrating unit trunk through the No, 1 winding
of relay 11—R, the upper winding of relay ({—C,
upper armature and front contact of relay 1 {—Ci,
armature and spacifig contact of relay f —S, coni~
ductor 1118, outer lower arimatiire and front con-
tact of relay {0—TA, inner lower arimdture and

Oneé unit is br1dged be-
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back contact of relay 10—TB, through windirg
No. 1, armature and right-hand contact of relay
10—TC to ground.  Relay {6—TC operates there-
by replacing the last-mentioned ground with

- grounded positive battely {013 and placing a spac-

ing, or break, condition toward the concentrating
unit switching center. In the disconnect condi-
tion before the operator cord is taken down
grounid is presented to the trunk in both marking
and spacing conditions and the tendency to oscil-
late by charging the line capacity is eliminated.

Operator’s cord circuit

The cord circuit shown in Fig. 12 is similar to
that shown in Fig. 2 of United States Patent
2,106,357, granted to T. A. Marshall on-January
25, 1938, It serves to establish connhection hetween
any one of the concentrating unit trunk eircuits
and g subscriber station connected directly to the
central office; or to an intertoll trunk circuit ex-
tending to another central office, or to another
concentrating unit trunk circuit extending back
to the concentrating unit switching center.

In establishirig at an operator’s switchboard a
connection betweeén a concentrating unit trunk
and a subscriber station local to the central office,
the cord circuit cooperates with the operator’s
position circuit wherein the operator’s teletype-
writeér set may be connected to the particular cord
circuit which is employed.

The functions of the cord circuit and the opera-
tor’s position circuit are as follows:

1. Answering incoming calls from subscribers
or over intertoll trunk circuits, with the ahswering
end -of the cord, and for establishing teletype-
writer communication via the operator’s position
circuit, i

2. Repeating teletypewriter communications by
means of g singie line repeatér in the cord circuit.

3. Receiving and transmitting recall sighals.

4. Receiving and trangmitting disconnect 'sig-

‘nals.

Director cireuit

This circuit functions in the line concentrating
unit switching center to receive the telegraph
pulses sent by the distant operator’s teletypewriter
and to decipher these pulses, thereby causing the
selection of the called subscriber line. The cir cult
isshown in Figs. 15, 16 and 17.

The functions of the director circuit are as
follows:

1. Upon receipt of an mwald call from the
manual central office. the seguence circuit will
connect the director circuit to the trunk circuit-on
which the call is waiting. The distributor motor
is then started and after it has attained proper
speed a director ready (<‘DR”) signal will be
transmitted to the distant end to indicate to the
manual operator that the call may be routed
through the line concentrating unit switching
center,

_ 2. The distributor motor will be stopped after
the director has been dismissed unless there is
another incoming call awaiting completion. In
the latter case the motor would be kept running
but the other parts of the circuit would be re-
stored to normal, awaiting the new call. The

- start magnet is held operated while the distributor
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motor is coming up to speed to reduce ctutch
drag.

3. A “ﬁgures” teletypewriter character received
from the distant manual central office will indi-
cate that the operator has recognized the “DR”
signal arid will cause the director cireuit to ac-
cépt the next two characteis transmitted, from

e
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the distant end as the called subscrlber station
number.

4. The next two teletypewriter characters re-
ceived from the distant office are separated by
the receiving distributor into code elements, for
causing the proper selecting relay to be operated.

5. Upon receipt of the first digit- of ‘the call
directing teletypewriter pulses, the director cir-
cuit will select the group of ten lines which con-
tains the desired subscriber’s line. ’

6. Upon receipt of the:'second digit of the call
directing pulses the-director circuit will select
and test the desired subscriber’s line and disre-
gard any additional characters sent to the direc-
tor circuit.

7. If the called subscrxber line has been made
out-of-order a series of predetermined code sig-
nals corresponding to letter Q will be transmitted
to the distant manual central office for a one-
second interval; ‘whether these appear on the
operator’s machine as “@’s” or numeral “1’s” will
depend upon the case position in which the op-
erator’s machine is resting at the moment,

8. If the called subscriber line is busy because
of a previously established call,or because of 2
busy condition placed on it by the test circuit,
a series of signals receivable as characters “K”
or “¥%” will be transmitted to the distant manual

central office for a one-second interval.

[y

9. If the manual operator at the central office
has transmitted first-and second digits of & num-
pber for which no subscriber’s line is assighed or
has transmitted an impossible combination of
digits, a series of “V” or “3g” signals will be re-
turned to the manual operator at the central
office for one second.

10. If the subscriber’s line is idle the director
circuit will cause the link circuit to connect the
called subscriber’s line to the particular trunk
circuit. The director circuit will then be Te-
leased and restored to the idle condition in prep-
aration for the routing of the next inward call.

11. If the directpr circuit becomes off-normal
and is not released within ten seconds, a series
of “T* signals is sent to the distant .end for one
second and the director is then released.

The director circuit is a part of the system
which provides an unattended, or automatic,
switching arrangement at a point distant from

the central office whereby a small group of trunks -
extending from the central office may serve a
large number of subscribers whose lines are con-

centrated at the switching point known as a line
concentrating unit switching center. The direc-
tor circuit functions only on inward calls from
the distant central office, receiving and decipher-
ing the called subscriber station number typed
and transmitted by the switchboard operator at

the distant central office and causing the: selec-

tion of the proper, or desired, subscriber line.
When an operator at the distant manual
switchboard seizes the trunk to the line concen-

~trating - unit switching center, the associated
.trunk terminating equipment at the line concen-

“trating unit switching center functions fo cause

the sequence circuit to attempt connection to the
director circuit. When the trunk terminating
equipment at the switching center receives per-
mission to route the call through the switching
center, the sequence circuit connects this director
circuit to the particular trunk, that is, the frunk
selected by the switchboard operator. When the
director circuit is connected to the selected trunk
by the sequence circuit the distributor motor is

“started. After the motor has attained its nor-
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mal operating speed, the director circuit frans-
mits a “director ready” signal to the operator at
the central office, disregards any typing and line
interference which may occur until a “figures”
signal is received, angd then responds. to the next
two character signal combinations to select the
called subscriber line. The director circuit also
originates and sends K, Q or V signal combina-
tions to the operator at the central office, denot-
ing that the called subscriber line is *busy,” “out-
of-order” or “unassigned” if. such is the.case.
As-soon as the director circuit is released by the
sequence circuit, it is available for succeeding
calls. The director circuit 'also generates T sig-
nal combinations for transmission to the opera-

. tor office when the director circuit has been held

ten seconds. This reorder signal is transmitted
for one second. At the end of this period, the
director circuit is released by the sequence cir-
cuit and a disconnect signal is sent over the trunk
to the operator office.

All-trunks-busy circuit

This circuit shown in Fig. 18 is designed for
use in a line concentrating unit switching center
as an originating source of “no circuit” signals
and “K” signals sent to calling subseribers under
certain conditions as hereinbefore mentioned

_under “Subscriber station line circuit,” at the
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same time providing “no circuit” time integrat-
ing registers in addition  to subscribers’ overflow
The functions of the all-trunks-busy
circuit are as follows:

1. When all trunks are busy this circuit is ar-
ranged to measure the length of tlme this con-
d1t10n persists.

. When all trunks associated with this circuit.
ale busy the circuit is designed to:

‘(@) Produce and send to each calling ‘sub-
scnber securing a no-trunks level, a “letters,”
“no circuit,” signal;

(b)- Register by means of reglsters connected
in the subscriber’s overflow circuit, the number .’
of attempts subscribers make during  the all-
trunks-busy period;

(¢) Measure the-duration of the contmuous
production of these “letters” signals and give an
audible and visual alarm if the time exceeds a
predetermined interval; '

(d) Continue to produce the ‘“letters” signal
as long as any subscriber keeps his loop closed.

3. Whenever -a trunk becomes idle this circuit
is-arranged to produce “K” gignals at a speed of

v‘approx1ma,te1y forty words per minute and send
. these signals instead of the “letters” signals to

the waiting subscriber.
The timing of an interval in which all trunks.
are busy is accomplished in the following manner.

. When all trunks are busy ground connection 1387
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connected over the contact No. 5 of a relay in
the highest numbered trunk of the trunk sequence
circuit, said relay corresponding to that desig-
nated 13AD in trunk sequence circuit No. 1, to a
circuit extending over conductor {308, through
the winding of relay (8A to grounded battery.
Relay [8A operates and at its upper armature
and contact connects interrupter 180f which
comprises a source of sixty impulses per minute to
its associated register - {§NCA which therefore
registers the number of seconds that all trunks
are busy, at the same time closing the operating
circuit for relay 18L.

The all-trunks-busy signal is transmitted by
means controlled by the operation of relay 18L
which, upon operating, removes at its outermost
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upper armature and back contact the connection
between the normally closed contact of relay-18P
and condenser 1802; at its middle lower armature
and. outermost lower armature removes grounded
battery 1883 and 1804, respectively, from. the
windings of relay (8P; and at its outermost upper
armature and front contact connects condenser
{882 to the armature and contact of relay ($INT,
This transfer, as will be seen hereinafter, results
in the production of “letters” sighals at the rate
of one per second instead of “K” signals at a speed
of approximately forty words per minute. .
A detailed description of the operation of the
“all-trunks-busy circuit is hereinafter given.

. Test circuit

This circuit permits the attendant at the con-
centrating unit switching center to make connec-
tion to the trunk terminating equipment at either

the trunk side of the equipment or the subscriber .2

line side and also to the subscriber line equipment.
It further permits the attendant to test the super-
visory features of the teletypewriter concentrat-
ing unit shown at the switching center.

The functions of the circuit are as follows:

1. When the trunk test equipment jack 1881 is
patched to the trunk equipment jack 930 and the

trunk side of the trunk terminating equipment, -

the following operations are possible:

(@) Crigination of a call by applying ringing ¢

current to the trunk terminating equipment;

(b) Reception of director ready signal from the
director circuit;

(¢) Production of a space signal;

(d) Ringing the subscriber station;

(e) Reception of indication that station has
answered the call;

(f) Production of a disconnect signal.

2. When jacks 1902 and 1903 are connected to
the. similarly designated jacks in a. subscriber’s
line such as those designated 207 and- 208 in the
subscriber’s line 202 the following functions: are
possible:

(@) Reception of a call and transmission from ]

the operator’s teletypewriter at the distance cen-
tral office; )

(b) Origination of a call and transmission with
recall, break and disconnect toward the operator’s
switchboard at the distant central office;

(¢) Call and transmission to the subscriber
station; )

(d) Call, recall, transmission and disconnect
from the subscriber station;

' (e) Adjustment of subscriber line loop. re-
sistance.

The attendant’s teletypewriter may be used for'

communication with the operator’s teletypewriter
at the distant central office. ‘
The above-mentioned functions involve means
for making termination tests with the- central
office. From a subscriber line termination in the
test circuit, calls may be placed and received in
the same manner as at a subscriber station asso-
ciated with the concentrating unit.
. When the test circuit is connected to the line
side of a trunk circuit, it simulates supervisory
signals normally used on a call originating at the
central office. This includes. sending 20-cycle
ringing current to originate a call, the reception
of the director ready signal, sending a space sig-
nal, ringing a subscriber station, furnishing an
indication that the subscriber has answered and
means of sending a disconnect. signal. The at-
tendant’s teletypewriter may be connected into
the transmission path of the line repeater on the

Tt
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“drop” side, that-is, at jack 1601, and while the
director circuit is connected anhy station may be
called by means of call directing pulses trans-
mitted. from the attendant’s teletypewriter. The.
attendant’s teletypewriter may also be connected
to a director circuit receiving jack in the test cir-
cuit and receive the K, @, V and: T signal com-
binations from the director circuit.

When connected to a subscriber line by means
of testing jacks, the test circuit may simulate the
subscriber in receiving signals from, and sending
signals to, the concentrating unit or it may simu-
late the- concentrating unit in receiving signals
from, and sending signals to a subscriber. Line
current and leakage resistance of the subscriber
line may be measured by extending the line to the
telegraph test board by means of the test circuit
and adjustments of the subscriber line poten-
tiometers may be checked or made initially by
means of the test circuit. Also communication
signals may be sent to and received from a sta-
tion.on a neufral basis. A subscriber line may be
monitored from the test circuit by use of the at-
tendant’s teletypewriter.

Conference circuit

By means of this circuit specially arranged
subscriber stations can be attached automatically
under the control of an operator at the distant
central office. These same subscriber stations
and any other subscriber stations connected di-
rectly to the line concentrating unit switching
center (to a. maximum number of ten) can. be
added manually to the conference by the attend-
ant at the concentrating unit switching center.

The conference equipment permits intercom-
munication between a trunk extending from the
distant central office- and two or more subscriber
lines directly associated with the line concentrat-
ing unit switching center. Subscriber stations ~
beyond the central office may be connected to the
same conference over lines or trunks extending
beyond the distant central office to.subscribers
directly or through- other central offices.

Each subscriber line arranged for automatic
connection to the conference network:is assigned
an unlisted number in addition to the regular, or
listed, number and an unlisted number is also
assigned to the trunk conference branch.

For automatic. operation, the operator at the
distant central-office cbhtains the .conference net-
work: referred to herein as the conference circuit,
in the same manner that a:line concentrating
unit. subscriber - station is cobtained; by setting
up on her teletypewriter, the two-digit number
assigned. to the trunk conference branch circuit.
After the conference circuit is- seized  and con-
nected to the calling trunk, which is held busy,
the operator will proceed’ over: a. second- trunk,
referred to herein as “order” trunk, to call the
unlisted number of the.first subscriber involved.
When the. called subscriber answers, he is ad-
vised. of the conference and instructed to-remain
on the line. The subscriber line circuit is then
automatically transferred to the conference. cir-
cuit.under control of the operator at the central
office. The operator will then proceed in the
same manner to add to the conference circuit
the  other desired subscriber’s stations, one at a
time. When all the desired subscriber lines have
been transferred to the conference- circuit. the
second, or “order” trunk is released, and the op-
erator reconnects her. teletypewriter to the-.cord
associated with the first: calling trunk which is
now referred-to as:the conference trunk: and
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Wthh extends to the conference circuit. The
operator will challenge the subscribers connected
to the conference circuit and the conference may
start. Any subscriber line not arranged for au-
tomatic connection to the conference circuit may
be added to the conference by means of manual
patching, between subscriber line jacks and jacks
in the subscriber conference branches, by the at-
tendant at the line concentrating unit switching
center. Similar patching may be made in order
to complete calls during emergency conditions.

For these and similar purposes one subscnber
line- may terminate at the satellite attendants
desk.

For manual operation of the conference circuit,
the operator at the distant central office will pro-
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ceed the same as automatic operation until the

conference circuit, ,
the conference trunk. TInstead of calling the first
subscriber station involved,.the operator -will
communicate with the attendant at the switch-
ing center, who will then establish all desired
connections by patching between subscriber line
jacks and jacks in the subscriber conference
branches. - When all desired subscriber lines have

is seized and connected to.

20

25

been connected to the conference circuit, the at- -

- tendant will advise the operator over the first,
or conference, trunk, and the subscribers will
then be challenged by the operator after which
the conference may start.

The subscriber conference branch circuits are
arranged in five circuit units. Two of these units
are required for a conference circuit with ten
-subscriber conference branches. Those branch

circuits are required both for automatic and ¢

manual operation..

One trunk conference branch is arranged as a
unit since only one is required for a conference
circuit. ‘This circuit is required hoth for auto-
matic and manual operation.

One automatic conference control circuit is ar-
ranged as a unit since only one is required for a
conference circuit and it is used -only for auto-
matic operation.

‘The subscriber conference access or appllque

circuits are arranged in ten circuit units to be
used for automatic operation only, and are re-
spectively assigned to ten subscriber lmes ar-
ranged for automatic connection:

The functions of the conference c1rcu1t are as
follows:

1. The operator at the central office obtams
the use of the idle conference circuit by sending
selecting pulses and otherwise proceeding to call
3 special number associated with the conference
circuit.

2. When the conference circuit is connected to
the trunk over which the operator calls the con-
ference number, power is turned on in the con-

ference circuit branches and conference control i

circuit. The unlisted conference numbers at this
time cease to test “unassigned.” -

3. The conference circuit sends a “space” sig-
nal to the trunk to which it is connected.’.

4. The operator at the central office, to add a8

specially: arranged subscriber to the conference
circuif, calls over another, or “order,” trunk for
the unlisted conference number assighed to the
particular subscriber line.

5. If the subscriber-line is idle the conference:

applique associated with the subscriber line seizes
the conference control circuit.

6. The conference control circuit, upon seizure,
supplies .a resistance ground long enough to op-

erate the ‘“hold” magnet. associated ‘with the-
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called subscriber line, connecting the line to the
“order” trunk and making the line test busy to
subsequent calls made to it while it remains held.
The conference control circuit also makes all -
other unlisted conference numbers test unas-
signed.

7. The called subscriber line connected to the
“order” trunk causes the “order” trunk to dis-
miss the director circuit permitting a sighal to
be sent to the operator at the central office to ring
the called subscriber station.

. '8. In concenirating units arranged for auto-

matic ringing of the called subscriber stations

‘the trunk dismisses the director circuit and auto-

matically rings the called subscriber station.

9. Before the subscriber answers, the called
subscriber line is held to the trunk under control
of the trunk circuit and, in turn, under control
of the calling operator at the distant central
office. .

10. If the subscriber fails to answer, the oper-
ator can dismiss the subscriber line from - the
“order” trunk by removing her cord circuit from
the trunk jack.

11. When the subscriber answers the conier—
ence control circuit causes the “order” trunk su-
pervisory relay to operate.

12. 1f the subscriber accepts the conference, the
operator at the central office sends a two-second
break signal which the control circuit uses to
connect the subscriber line to the next idle sub-
scriber. conference branch immediately after the
termination of the break signal. )

13. The connection of the subscriber line to the
subscriber conference branch causes the confer-
ence control circuit to release the “order” trunk
supervisory relay and approximately one and one-
half seconds later to release the subscriber “hold”
magnet, freeing the “order” trunk but at the same
time making the subscriber line test busy to other
calling operators and returning the subscriber
conference access circuit to.normal except for one
of the relays in the access circuit such as relay '
4C and the applique circuit for subscriber station

‘No. 102 and disconnecting the access circuit from

the control circuit.

14. If the subscriber refuses to accept the con- -
ference the operator at the central office discon-
nects from the “order” trunk after receiving his
disconnect signal, returning the subscriber con-

ference access circuit to normal.

15. The connection of the subscriber line to &
subscriber conference branch lights the busy lamp
associated with that branch and causes the
branch to contribute a mark signal under control
of the subscriber instead of the normal mark ob-
tained during the idle period of the branch. |

16. After the conference control circuit returns
to normal, the subscriber conference branch se-
lected, releases its selecting magnet and prepares
to use the next idle branch for the addition of
another subscriber line.

17.  If more concentrating unit subscrlber sta-
tions are to be added to the conference, the oper-
ator waits until the disconnect lamp changes as
an indication.of the reconnection of the director
circuit to the “order” trunk and then repeats the
process for the next subscriber station,-calling
for the unlisted conference number of the next

-subscriber station.

18. If no other subscriber station is to be added
the operator at the central office disconnects from
the “order” trunk after rece1v1ng the disconnect
signal.
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19. After the operator at the central office has
disconnected from the “order” trunk as stated in
the immediately preceding paragraph, the oper-
ator sends a one-second break signal over the
conference trunk which the conference circuit
uses to make all remaining unlisted conference
numbers test “unassigned” and thus prevent any
further addition to the conference circuit; after
that the operator types for the start of the con-
ference.

20. If a subscriber station has no secret, or un-
listed, conference number the station is not ar-
ranged for automatic connection to a conference,
the operator at the central office may call the

attendant at the concentrating unit who may 12

manually patch the line of the desired subscriber
station to the next idle conference branch.

21. In case of failure of the automatic equip-
ment, the attendant at the concentrating unit
can set up the conference by manual patching
under instruction from the operator at the cen-
tral office.

22. When a conference. subscriber disconnects
during the progress of a conference, his line re-
mains connected to the conference circuit until
all subscriber stations connected in the confer-
ence have been disconnected.

23. When all subscriber stations connected to
the conference circuit disconnect, the manual op-
erator at the central office receives a disconnect
signal. '

24. The conference circuit is arranged to re-
lease all automatically connected. subscriber sta-
tions when all subscribers have disconnected and
to prevent a manually patched subscriber station
from recalling the operator over the conference
trunk.

25. Upon reception of a disconnect signal, the
operator at the central office withdraws the 'cord
circuit from the jack of the trunk to which the
conference circuit has been connected, releasing
the conference circuit. :

26. When all subscriber stations connected .to
a conference circuit have disconnected and if any
subscriber stations have been manually connected,
a disconnect lamp lights and an alarm is given to
indicate to the concentrating unit attendant that
the patches should be withdrawn. The alarm
and lamp are retired when the patches are with-
drawn. .

-27. In the case of completely manually ar-
ranged conference, orders for removal of patches
between the trunk and the conference circuit are
received from the manual operator at the central
office. If the concentrating unit is arranged for
complete manual connection the disconnection of
the operator at the central office from a confer-
ence trunk lights a disconnect lamp which is a
signal for the attendant to remove the patch
between the conference trunk and the conference
circuit.

28. Each subscriber station conference branch
is equipped with a busy key to take the branch
out of service. .

29. Each subscriber station access circuit is
equipped with a jack by which the unlisted con-
ference number can be manuzally made busy or out
of order.

The conference circuit at the concentrating
unit switching center is divided into three main
divisions:

(1) The subscriber line access circuit together
with its associated vertical in the conference con-
nector switch which is of the cross bar type;

(78
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(2) “The automatic conference control circuit;
and

(3) The conference circuit proper with a maxi-
mum of eleven branches. .

Division No. 1 is the special equipment re-
quired ‘for each subscriber station which is speci-
ally arranged for automatic connection to a con-
ference -circuit. Division No. 2 is a group of re-
lays responsible for ‘ordering the particular sub-
scriber station, or line, connection to the next idle
conference branch. Divisien No. 3 contains the
polar relays responsible for carrying on of the
telegraph communication during a conference
and contains, in addition, supervisory equipment
for each subscriber conference branch -and for
the conference trunk branch. The number of
subscriber station conference branches in this
circuit is limited to ten, but the number of sub-
seriber lines arranged for automatic connection
is limiteg only by the available unlisted numbers
one of which each subscriber station so arranged
must have. In general, the calling of the sub-
scriber station unlisted number is the key which
opens the way for the station’s conneetions to a
conference branch and differentiates the incoming
call from a call to a single line.

DETAILED DESCRIPTION OF OPERATION
4 - .
Call originated at .« subscriber station

For the purpose of illustrating an outward call,
that is, a call originating at a subscriber station
and extending to the central office, it will be as-
sumed that the call -originates at subscriber sta-
tion 1082 which is shown arranged for automatic
connection in a conference circuit.. Subscriber
station 103 is also shown arranged for automatic
connection to a conference circuit. However,

‘suibscriber stations 101, 104 and 105, ag herein-

above stated, are represented -asg non-conference
stations inasmuch as these stations are not ar-
ranged for automatic connection to the conference
circuit, and by manual means employed by the
attendant at the concentrating unit switching
center any of these non-conference subscriber
stationg may be connected to the conference
circuit. ’

In Fig. 1 there is illustrated in schematic form
a local subscriber station 102 connected with the
concentrating unit switching center by -a pair of
conductors T2 and R2. In an idle condition con- .
ductor T2, known as the tip, is connected to a
ringer {12 so that incoming calls to this station
will be indicated by the sounding of the ringer
112 through the application of ringing current to
the tip T2 at the switching center. When the
station is in-use, switch 10, referred to herein
as the power, or start, switch, is operated to cause
conductor T2 to be connected over the normally
closed contacts of flash, -or recall, key 114, front
contact and armature of relay IL, lower contacts
normally in engagement with spring member | of

key 113, conductor |15, transmitting, or pulsing,

contacts: 107, break 'key 116, through the lower
winding of relay I—LINE, spring member No. 4
in engagement with its upper contact of key 113,
through the winding of break relay IBX, to the
ring side of the line, conductor R2. Under cer-
tain conditions to be explained hereinafter, cur-
rent will flow through this circuit at a value of
about 20 milliamperes ‘for a marking condition
and zero current will exist for a spacing condition.
With steady marking current established by the
condition at the concentrating unit switching

-center the operation of .the sender contacts 107
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in series with this circuit will" 1educe the current
to the spacing value. -

The biasing winding of relay 2—LINE has a
current of an intermediate value flowing there-
through so that with no current flowing through
the lower winding -in the spacing condition the
armature will remain on its spacing contact, but
with the marking current flowing through its
lower winding the blasmg winding will be over-
come and the relay will move to its marking con-

tact. Incoming marking and spacing signals will

therefore opérate printer magnet 106 .in the

10

proper manner and these same current variations

caused by the operation of sending contacts 107
will cause the operation of relay I—LINE to again
operate the printer magnet 106 for the purpose
of making local copy. '

- Briefly stated, the operations performed in re-
sponse to a subscriber originating a call by oper-
ating the power switch, such as switch {10 at sta-
tion 102, to the “on” position are as follows: The
operation of the power switch closes the loop cir-
cuit- ‘and causes the associated subscriber line re-
lay to operate, such as relay 2L2, at the line con-
centrating unit switching center and causes the
sequence circuit to connect an idle trunk to the
calling subscriber line. The sequence circuit drops
out of the connection after the trunk has been
selected. If all the trunks- are in use, the se-

quence circuit causes the subscriber line to he:

connected over the uppermost level in the cross
“bar switch of the link circuit to the all-trunks-
busy circuit from which “letters” signals are sent
to the calling subscriber. The details of the trunk

sequence circuit are omitted to simplify ’me dis--

closure; the principles of such circuits are known
to those skilled in the art and may be readily ap-

plied in the present case; an example is found in )

Lucek Patent 2,228,279 dated January 14, 1941.

When a trunk becomes available, the “letters” sig-"

nals cease and thereafter groups of the letter “K”
signals are received from the all-trunks-busy cir-
cuit by the subscriber until the power switch: is
reoperated to the “off” position.

As soon as the subscriber line is connected to a
trunk termination, a trunk relay, such as relay
9TR in the trunk termination shown, cpesrates
and thereby removes the high impedance ground

effected by resistance 931 having a value of ap-..

proximately 18,000 ohms, from the trunk con-
ductor 981. With relay 9TR in its unoperated
condition the trunk circuit may be traced, in part,
over conductor 940, outer lower armature and
back contact of relay 9TR, resistance 931, inner
upper armature and back contact of relay 9TR, to
conductor 941. Relay 9TR, operated, connects
conductor 981 to the trunk repeater (winding No.
" 3 of receive relay 9R and the armature of send re-
lay 98); thereupon marking (negative) notential
from grounded battery 932 is applied te the trunk
conductor 901 and the trunk circuit terminating
at the distant central office functions to light the
line lamp in the switchboard multiple. The
operator at the central office connects a cord cir-
cuit to a trunk jack associated with the lighter
lamp, and receives the number of the desired sub-
scriber station from the calling subscriber party.
When start switch 10 was operated it closed
a circuit from one side of power supply (17,
through the winding of relay 1S to the other side
of the power supply causing relay IS to operate.
Relay IS, upon operating, locks up through its
lower contacts, contacts of stop key 1il, motor
control contacts 109 of the printer. In operating,
relay 1S closes a path through its upper contact
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and back contact of relay 4Bf,

15
to start the motor for the printer set and also
to operate relay L.

The operation of relay L opens the bell ringer
circuit-over the tip conductor T2 of the loop, re-
moves ground from the ring side R2 of the loop
and closes the tip and ring conductors of the loop
through the subscriber station set to operate re-
lay 212 at the switching center.. This last circuit
is traceable from grounded positive battery 401,
normally closed make-before-break contacts of
relay 8A, conductor 402, back contact and inner
armature of hold magnet TH2 of the cross bar
switch of conference connector circuit, conductor
209, contacts normally closed with the tip spring
of jack 2071, conductor T2, normally closed con-
tacts of key ({4, front contact and armature of
relay 1L, contacts normally closed to spring No. 1
of key (18, conductor 115, transmitting contacts
{07, normally closed contacts of break key (16,
through the lower winding of relay {—LINE, No.
4 spring of key 13 at its normally closed contact,
through the winding of break relay (BK, con-
ductor R2, rheostat 243, tip spring of jack 208
and its normally closed contact, conductor 210,
normally closed make-before-break contacts of
hold magnet TH2, conductor 603, armature No. 1
conductor 493,
normally closed make-before-break contact of
hold magnet 2H2, conductor 242, through the
winding of line relay 2L2 to ground and relay
212 operates, It will be noted in the circuit just
described that the operating circuit for relay 2L2
extends through the conference circuit in'accord-
ance with a statement hereinbefore made that
subscriber station 202 is arranged for automatic
connection to the conference circuit.” The operat-
ing circuit for lamp relay 2L3 is likewise extended
through the conference circuit inasmuch as sub-
seriber station 103 is arranged for automatic con-
nection through the conference circuit. . How-
ever, the lamp relays 211, 214 and 215 have oper-
ating circuits which are traceable directly
through the normally closed contacts of hold
magnets 2HI, 2H4 and 2HS5, respectively. The
operating circuit for lamp relay 2L! is traceable
from grounded battery, conductor 244, back con-
tact and right-hand armature of hold magnet
2K, conductor 216, tip conductor T1, through the

‘station circuit of station 161, ring conductor RI,

conductor 217, normally closed make-before-
break contact of hold magnet 2HI, conductor

245, through the winding of relay ZLI to ground.
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Lamp relays 254, 2L4 and 215 have operating cir-
cuits which are not connected to the conference
circuit inasmuch as.their respectively associated
stations 101, 104 and 105 are riot arranged for
automadtic connectlon to the conference circuit.

Lamp relay 212, upon operating, (1) closes at
its upper armature and contact an operating cir-
cuit for call lamp 206 which is traceable over
conductor 246 (which is common to the call lamps
associated ‘with the subscriber stations shown),
conductors 247 and 1309, through the winding of
relay 14E to ground battery and relay I4E oper-
ates (relay {4E is effective at night only to cause
an audible signal as well as a visual signal alarm
when that alarm cut-off key 1443 is released in
the position shown); (2) closes to ground at its
inner lower almature and contact a circuit ex-
tending over conductors 248, 249, and'if gate re-
lay 3G is not in an operated posmon at the time,
then over the contact and armature No. 4 of re-

‘lay 3—G, contact and middle left-hand armature
‘of relay 8BO, through the winding of relay 3SA,
to'grounded battery and relay 3SA operates; (3)
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connects at its outer lower armature and contact
a ground connection to a path' extending over
conductor 250 in preparation for a circuit which
will presently be closed by the operation of relays
3SC and 3U2. '

Gate relay 3—G is so called because it opens
paths which prevents or shuts out interference
with calls-being routed. In its unoperated posi-
tion it permits current to flow over its armatures
and contacts and in its operated position opens at
its left and right-hand armatures paths extend-
ing from the trunk groups and the subscriber
line groups to relays in their respective trunk se-
quence and subscriber line sequence circuits; for
example, the conductor connected to armature
No. 1 of relay 3G extends from trunk sequence
of No, 1 (shown in Fig. 13), and the conductor
connected to armature No. 4 of relay 3G extends
from subscriber sequence group No. 1 represented
in Fig. 1 by subscribers’ stations Nos. 101 to 105.

Relay 38A, upon operating, (1) locks up.at its
left-hand armature and contact directly to
grounded conductor 249; (2) closes at its inner
right-hand armature and contact an operating
circuit for relay 3Gl ; (3) closes at its outer right-
hand armature and front contact a circuit trace-
able from grounded battery through the winding
of relay 3SC, front contact and outer right-hand
armature of relay 3SA, conductor 304, armature
No. 1 and back contact of relay (8B, conductor
1805, back contact and inner left-hand armature
of relay (3TA, conductors 1318 and 1311, through
the normally closed lower contacts of manual
service key 301 to ground, and relay 3SC oper-
ates. The operation of relay 3SC depends on re~
lay 13TA and the corresponding relay in each of
the other groups of five trunks being in a non-
operated condition.  Also, relay 3SA, upon oper-
ating, opens at ils back contact and outer right-

hand armature a path extending over conductor .

305 to the operating circuits of the relays, corre-
sponding to relay 3SC, in all succeeding groups of
five subscriber lines. This assures that even in
the case of simultaneous origination of calls in
two subscriber line groups only one relay corre-
sponding to relay 3SC will be operated.

The operation of gate relay 3Gl closes a cir-
cuit -extending from grounded bhattery, through
the winding of gate relay 3G, contact and arma-
ture of relay 3Gli, to ground at the normally
closed lower contacts of manual .service key 301
and relay 3G operates and thereby opens at its
left-hand armatures the circuits of each of these
subscriber station groups and at its right-hand
armature each of the trunk groups as herein-
before stated. . The subscriber group engaged in
the outward call is held operated by the locking
circuit of relay 3SA. .

Relay 3SC, upon operating, extends conduc-
tors 2560 and 251 from the calling subscriber line
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terminating equipment over two paths, respec- ‘-

tively, only one of which, namely that including
conductor 250, is completed over the contact and
No. 4 armature of relay 3SC, conductors 306 and
307, contacts and No. 2 armature of relay 3GA,
conductor 308, through the winding of relay 3U2
to grounded battery and relay 3U2 operates to
further extend the other path including conduc-
tors 211 and 251, contact and No. 3 armature of
38C, conductor 309, over the outermost upper
armature and front contact of relay 3U2, to con-
ductor 303 which is common to the selecting
relays 3UI to 3US5, inclusive. The selecting relays
3U| to 3US are common to all subscriber groups
and all trunk groups and are used for selecting
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the particular subscriber station line or particu-
lar trunk circuit. ,

. .Relay 3U2 upon operating (1) locks -directly
to ground at the outer lower armature of lamp
relay 212, the. circuit being traceable from
grounded battery, through the winding of relay
3U2, front contact and inner lower armature of
relay 3U2, back contact and inner lower armature
of relay 3Ul, conductor 310, left~-hand armature
and front contact of relay 3GB, armature and
contact No. 1 of relay 3GC, conductor 311, inner-
most upper armature and back contact of relay
3U1, innermost upper armature and front con-
tact of relay 3U2, conductor 312, No. 4 armature
and contact of relay 3SC, conductor 250 to the
ground at the outer lower armature of lamp relay
212 (relays 3GB and 3GC are operated at this
time as hereinafter described); (2) extends con-
ductor 389 of the other path of subscriber station
{02 over the outermost upper armature and front
contact of relay 3U2, conductor 303, to conduc-
tor 1402 and resistance {48¢ for future effective-
ness; (3) extends at its outer lower armature
and contact conductor 3{3 to conductor 314 and
the contact and outer left-hand armature of re-
lay 3GD, a function not useful at this time; (4)
extends conductor 312 through the innermost up-
per-armature and front contact of relay 3U2, back
contact and innermost upper -armature of relay
3UI, conductor 311 through the left-hand wind-
ing of relay 3GB to grounded battery whereby
relay 3GB operates from the ground at the outer
lower armature and contact of relay 2L2; (5)
releases normally operated relays 3GF and 3GE
because the operating circuit for relay 3GF is
opened at the back contact and left-hand arma-
ture of relay 3GB, relay 3GB being of the dif-
ferential type is normally maintained in a re-
leased condition although both of its windings
having equal resistance values are normally ener-
gized; (6) the release of relay 3GE starts the
timing circuit of vacuum tube {40(; and (7) con-
nects ground at the No, 12 armature and contact
of relay 3SC, over its contact and outer lower
armature to conductor 314 for the future opera-
tion of relay [4LS{, that is, when relay 3GA
operates.

Relay 3GB, upon operating, (1) operates relay
3GC in a circuit traceable from the grounded
battery and winding of relay 3GC, front contact
and left-hand armature of relay 3GB, conductor
310, inner lower armature and back contact of
relay 3Ul, inner lower armature and front con-
tact of relay 3U2, conductor 388, No. 2 armature
and contact of relay 3GA, conductors 307 and
306, No. 4 armature and contact of relay 3SC to.
grounded conductor 250; and (2) removes ground
at its contact and right-hand armature, from
conductor 315 which extends to the all-trunks-
busy circuit and also to all the trunk circuits
over paths such as that extending over armature
No. 9 of relay 8ST. Relay 3GC, upon operating,
locks over its left-hand armature and contact
in a circuit extending over conductor 314, inner-
most upper armature and back contact of relay
3U1, innermost upper armature and front con-
tact of relay 3U2, conductor 312, armature No. 4
and contact of relay 3SC to grounded conductor
250.. Relay 3GC, upon operating, also causes at
its contacts No. 2 an operating cirecuit for relay
3GA which operates. Relay 3GA is what is
known herein as the units gate relay which opens
or closes the operating circuits respectively for
relays 3UI to 3U5. Relay 3GA, upon operating,
closes at its outer left armature and contact an
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operating circuit for relay 3GiD, the circuit being
traceable from grounded battery, through the
windihg of relay 3GD, conductor 316, to ground
at the outer left-hand armature and confact
of relay 3GE. Relay 3GD, upon operating; (1)
locks at its -inner left-hand armature and con-
tact relay 3GA in an operated position; (2) con-
nects ground at its right-hand armature and con-
tact to & path extending over coriductors 317
and 318, contact and middle upper armature of
relay 3U2, conductor 318 to armature No. 4 of
relay (3TC, a function not useful at this time;
and (3) operates relay 14LSI in g circuit trace-
able from ground at armature No. 12 of relay
3SC, conductor 313, contact and outer lower ar-
mature of relay 3U2, conductor 314, contact and
outer left-hand armature of rélay 3GD, conduc-
tor 320, through the winding of relay [4LSI, to
grounded battery and relay 14LSI operates. - Re-
lay 14LSI, upon operating, (1) closes an obvious
operating circuit for relay 14H which operates;
(2) extends its own operating ground from con-
ductor 320 via its contact and right-hand arma-
ture and contact and No. 4 armature of relay
{4H to conductor 1464, outer right-hand arma-
ture and contact of relay {3AD, conductor (3(f,
through the winding of start relay 8ST, to
grounded battery and relay 8ST operates; and
(3) applies at its contact and outer left-hand
armature an additional holding ground for relay
3GD, the circuit. being traceable over conduc-
tor 316, contacts and outer left-hand armature
of relay 3GA, to the winding of relay 3GD. The
operation of start relay 8ST in the first idle
trunk places a calling condition toward the d1s-
tant central office and closes at its No. 3 arma-
ture and contact an operating circuit for relay
8W which operates. Relay 8W, upon operating,
closes at its armatures and .contacts individual
operating circuits for the cross bar switch select-
ing magnets, such as magnet 28M—2, on a plu-
rality of switches through which trunk 8§01 might
be connected in multiple. A relay correspond-
ing to relay 8W, also has armatures and contacts
for closing individual eoperating circuits for each
of the additional selecting magnets, such as mag-
net 2SM—38, on the plurality of switches through
which its trunk, such as trunk 808 shown dia-
grammatically, might be multipled. Selecting
magnets 28M9 and 28MI ‘are respectively con-
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trolled by the start relays in two all-trunks-busy . .

circuits magnet 2SM—1I not being shown in the
drawing - hereof. The start relay for the all-
trunks-busy circuit shown in PFig. 18 is desig-
nated (83T. The cross bar switch selecting
magnets 28M2 to 2SMS, upon operating, close
at their armatures and contacts an operating cir-
cuit for relay 14Dy which operates. Relay {4H,

upon operating as hereinbefore described, con--

nects ground at its No. 5 armature and contact

to conductor 1405 which extends over two par-.

allel paths, one over conductor 1312 to an un-
operated armature of relay 8SL and the other
over conductor 1313 to.an. unoperated contact
No. 6 of relay {3AD. Also, relay [4H, upon op-

erating, connects ground at its armatures Nos. 2,

3 and 4 to paths similar to that of conductor
1405 but extending to individual trunk circuits
other than that shown herein in detail. At its
armature No. 6 relay {4H, upon operating, con-
nects ground to a path extending to the all-
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trunks-busy circuit, and at armature No. 7 con-

nects ground to a path including conductor 1406
which serves as a shunt for resistance 1407.
Relay 14D, upon operating, (1) furnishes at

. 13AD,

177

its left-hand armature and front confact an
additional ground for holding relay 3GD oper-
ated; (2) closes at its inner right-hand arma-
ture and contact an operating circuit for con-
nection lamp {408 which lights thereby indicat-
ing to the attendant that the calling subscriber
line has been connected to an idle trunk; and
(3) connects ground at its outer right-hand ar-
mature and contact to a circuit traceable through
resistance {401, conductors 1402 and 303, con-
tact and outermost upper armature of relay 3U2,
conductor 309, through armature No. 3 and con-
tact of relay 3SC, conductor 25t, conductor 211
(Fig. 3), inner upper armature and contact of
relay 4C conductor 253, through the winding of
hold magnet 2H?2 which operates to complete the
contiection of the calling sitbscriber line to the
first idle trunk. It will be noted that the circuit
just traced extends through the conference cir-
cuit inasmuch as the calling station 102 is ar-
ranged for automatic connection to the confer-
ence circuit. - However, should one of the sta-
tions not arranged for automatic connection to
the conference circuit be the calling station, for
example, station 101, the ecircuit closed at the
outer right-hand armature and contact of relay
{4D would extend over the front contact and
outermost upper armature of relay 3Ul, conduc-
tor 326, No. 1 armature and contact of relay 3SC,
conductors 321 and 252, and then directly through
the winding of hold magnet 2HI, to grounded
battery and magnet 2H{ would operate to com-
pleted the connection of station 101 to the first
idle trunk., Hold magnet 2H2, upon operating,
opens at its normally closed make-before-break
contacts the operating circuit for calling-in, or
lamp, relay 21.2 which releases to extinguish lamp
206. Relay 212, upon releasing, (1) removes
ground at its inner lower armature and contact
from the locking circuit of relay 3SA and relay
3SA releases; (2) removes ground at its outer
lower armature and contact to open the locking
citrcuit for selecting relay 3U2 which also releases.
Relay 3SA, upon releasing, releases relay 3SC
which, upon releasing, removes grouhnd from ar-
matures Nos. 3, 4 and 12. Relays 3GB, (4LSI,
{4 and 3GC release. Relay 3GB, upon releas-
ing, connects ground at its right-hand armature

. and contact to-a circuit traceable over conduc-

tors 315, 8§14, contact and armature No. 9 of start
relay BST,‘c()nductors 815, 816 and 1314, through
the winding of relay 13AD, to grounded battery
and relay 13AD operates. A relay, such as relay
is individual to  each trunk ecircuit pro-
vided, assuming as in this case that there are
ten trunks provided on the cross bar switch in
the link circuit, and that there is a trunk sequence
circuit provided for each trunk circuit. The
trunk sequence circuit shown in detail in Figs. 3
and 13 includes in addition to relay 13AD, relays
13DL, f3BO and 13DC together with the common
selecting relays 1101 to 1185 and the gate, or. G,
relays shown in Fig. 3. Trunk sequence circuit
No. 10 is provided in the system herein described
as connected with the all-trunks-busy circuit
which is connected, as hereinbefore stated, to
the top level of the cross bar switch in the link
circuit. ,

Relay 13AD, upon operating, (1) locks to
ground in a circuit traceable over its left-hand.
armature and contact No. 6, conductors 1313 and
(312, to ground at the lower armature and con-
tact of relay 8SL, which is operated at this time
in response to the operation of both start relay
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8ST in the trunk circuit and hold magnet 2H?
In the link circuit; (2) closes:at contact.No. 5
one. completing point. in the operating path of
relay 18A in the all-trunks- busy circuit, the cir-
cuit being traceable from grounded battery,
through the winding of -relay 184, conductor
1308, No. 5 contact of relay 13AD, conductor 1315,
through the contact No, 5 of each of the relays
corresponding to relay (3AD, to ground conhec-
tion 1307 in the last, or No. 10, trunk sequence
circuit; (3) transfers conductor 1404 from con-
tact No. 3 to contact No. 2 of the relay so that
should the trunk shown in Figs. 8 and 9 be busy
the next call will be routed over conductor {329
to the relay, corresponding to relay 13AD, in the
trunk sequence circuit associated with the next
idle trunk; (4) opens at contacts Nos. 3 and 4
both the operating and the locking circuits, re-
spectively, for start relay 8ST which at this time
has already completed the initiation of the con-
nection between the calling subscriber line and
the selected trunk circuit as will be hereinafter
further described. Relay 8ST releases.

Calling subscriber line circuit. is connected to an
idle trunk circuit

As hereinbefore stated, when a subscriber origi-
nates a-call by operating the station power switch,
the  subscriber station terminating equipment
makes use of the sequence circuit to secure cons
nection to the first-idle trunk. Relay 8ST, when
it operated, (1) closed at its No. 4 armature and
contact an operating circuit for relay 9 TR; (2)
at its No. 6 armature and contact closed an op-
erating circuit for relay 8RC which operated:
(3) at its No. T armature closed an operating cir-

- cuit for relay 8STR which-operated; (4) at its
No. 2 armature closed an operating circuit for
relay 8—ON which operated; (5) at its No. 3
armature closed an operating circuit for relay
8W which operated; (6) closed at its No. 8 ar-
mature and contact an operating circuit for busy
lamp 818 which became lighted. Relay 9TR,
upon operating, transferred at its outer lower
armature trunk circuit 901 from resistance 931 of
high value which is normally connected through
the winding of relay 91, to conductor 934, wind-
ing 3 of relay 9R to the armature of repeater re-
lay 8S. The path through conductors 841 and 903
to the same ground is transferred over a front

-contact of relay 9TR to conductor 934a to wind-

ing 4 of relay 9R and resistance to the armature
of sending relay 9S. Relay 8STR,; upon operat-.

ing, added another ground to the operating cir-
cuit of relay 9TR and thereby increases the re-
lease time of relay 9TR after relay 8ST releases.

This insures registration at the central office even.

though the call is quickly abandoned. Relay
8—ON, upon operating, (1) locked at its No..4
armature and contact to a normal ground at the
back contact and inner lower armature of relay
8D(; and (2) connected ground at its armatures
Nos. 1 and 2 to the windings of the repeater re-
lays whereby such windings are energized, ar-
mature No. 1 serving to energize the artificial line
windings Nos. 2 and 5 of receive relay SR and
armature No. 2 serving to energize the lower, or

artificial line, windings of both relays 9BK and.

98; (3) at its No. 5 armature completed the fila-
ment circuit for vacuum tube 819; and (4) con-
nected at its No. 3 armature an additional ground
to the operating cireuit for relay 8SL.

Relay 8SL, in an operated position, connected
ground at its lower armature to conductor l3l2
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and at its upper armature closed an operating
circuit for relay 8SLI which operated. Hold mag-
net 2H2, in an operated position, opened the op-
erating. circuit for calling-in relay 2L2 in the
subscriber line circuit which dismissed the se-
quence circuit. The release of the sequence cir-
cuit. connected ground at the right-hand arma-
ture of relay 3GB to a circuit traceable over con-
ductors. 315 and 814, contact and No. 9 armature
of relay 8ST (before relay 8ST was released),
conductors 815 and 816, through the winding of
relay 12AD to grounded battery. The trunk ad-
vance relay (3AD operated to advance the next
call to the next idle trunk and opened both the
operating and the locking circuit for start relay
88T which released, as hereinbefore stated.

‘The calling subscriber line circuit is now com-
plete from ground on the winding of relay 8SP,
normally closed contact at-tip spring of jack 836,
conductor. 822, conductor 258, operated contact
set 255, conductor 259, outer left hand armature
and front contact of hold magnet 2H2, conductor
402, No. 1 armature of relay 4Bi, conductor 603,
normally closed make-before-hreak contact of
magnet TH2, conductor 219, normally closed con-
tacts at tip spring of jack 208, ring conductor R?2
of the calling subseriber line, station circuit, back
cver the tip conductor T2, tip spring and its nor-
mally closed contacts of jack 207, conductor 209.
inner upper armature and back contact of hold
magnet TH?2, conductor 402, front contact and
upper armature of relay 4A which operated in re-
sponse-to the operation of magnet 2H?2, conduc-
tors 406 and 267, operated contact set 255, con-
ductors 265 and 266, normally closed contact at
the tip spring of jack 8385, conductor 823, outer
upper armature and back contact of relay 8R3,
conductor 824, through the upper windings, in
series, of relays 9BK and 39S, armature and mark-

ing. contact of receive relay 9R, conductor 935,

to grounded battery 936. This places a marking
condition on the trunk locking toward the distant
central office hecause both relays 9BK and 9S are
maintained in their marking positions, send re-
lay 9S being effective to transmit the marking
condition toward the central office. Relay 8SP
operates and closes at its armature and contact
an operating circuit for relay 8SPi, the circuit
extending to ground on armature No. 3 of relay.
8—ON. Relay 8SP{, upon operating, operates in
turn relays 8SP2 and 8RC. Relay 8SP2, upon.
operating, furnishes at its outer upper armature
and contact a ground to hold relay 9TR operated
even though start relay 8SP is released, relay
8SP2 being held operated by slow-to-release re-

- lay 88SPI,
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At the distant end of the trunk which termi-
nates at the central office, the marking condition
applied by relay 9S results in the registration of
a call and the lighting of a lamp in the opera-.
tor’s switchboard as will be hereinafter described
in more detail. The operator answers and the
circuit is in the transmission condition, that is,
arrahged for communication..

The release of start relay 8ST eﬁ“ected the re-.
lease of relay 8W which in turn effected the re-
lease of selecting magnets 2SM2 to 2SMS9. The

-selecting magnets, upon releasing, remove ground

from the operating circuit of relay 14D and relay
14D releases therehy extinguishing lamp  1408.
Relay 3GE reoperated following the release of

-relays 3GD and 3GA. Thus all relays in Figs. 3,

13 and 14 are in their normal .condition with the
exception of relay 13AD and the sequence circuit
is now ready to route a neW call :
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Central omce—-A call received at the conocentrai-
- ing unit switching center from @ subscrzber
station

As stated, a caIl originating at a subscriber
station and received through the concentrating
unit switching center connects negative marking
potential to the switching center and of the trunk
and is effective at the central office to operate
relay {1—C in a circuit traceable over tip con-
ductor 901, back contact at tip spring of jack
1009, conductor 1015, lower normally cClosed con-
tact at tip spring of jack 108066, conductor 1016,
upper armature and back contact of relay 19—E
through the No. 1 winding of relay 10—P, through
the upper winding of receive relay 11—R, re-
sistance 1105, retardation coil 1106, through the
winding of relay I1—C to ground at the upper
armature and back contact of relay ({—Ct. Re-
lay 1{—C, upon operating, closes at its armature
and contact a circiiit extending from grounded
battery 1199, conductors {1110 and 1817, resistance
1818, conductors i019 and 1020, armature and
contact of relay H1—C, conductor {117, resistance
1021, through the winding of alternating current
relay {8—H, conductor 1022, to ground the maxrk-
ing, or left-hand, contact and armature of relay
i0—P. Relay 10—H operates and in furn closes
an obvious operating circuit for relay 1 {i—CIf. Re-
lay | i—Cl, upon operating, completes the trans-
mission circuit to ground at the marking contact
of relay 11—S. Relay 11—CIi at ifs outermost
lower armature and front contact closes an op-
erating circuit for relay 11—XL which operates.to
close an operating circuit for answer lamp (14{
in the operated swilchboard. Relay I4—CH{, upon
operating, closes an operating circuit for relay
1 1—CI; also, which locks to ground on its inner-
most Tower armature and front contact. Relay
{ i—CL, upon eperating, (1) closes at its upper-
most outer armature and contact an operating
circuit for relay |i—JF2 . which operates;. (2)
closes at its outermost lower armature and front
contact a fubure operating circuit - for relay
11—F1; (3) transfers the grid element of vacuum
tube 1419 from a ground -connection &t the middle
upper armature and back contact of relay 11—D?2
to a ground connection at the innermost lower
armature and front contact of relay 11—Cl, the
grounded circuit being traceable over conductoer
1120, middle upper armature and front contact
of relay 1{—CL to the innermost lower armature
and front contact of relay 11—C1; and (4) closes
at its middle lower armature and contact an op-
erating circuit for relay 11—BY which operates
to close at its outer upper armature and contact
a circuit extending from source 1121 of alternat-
ing -current, through busy lamp 1102 at the op-
ergtor’s switchboard and the lamp lights; and to
élose at its outer lower armature and contact an

energizing circuit for the filament. of vacuum .

tubes 1119 and 1122, Vacuum tube 1122 is held
inactive at this time by ground potential con-
nected ‘in a circuit traceable from ground at the
outer upper armature and back contact of relay
1 {—SL1, conductors 1147 and 1123, back contact
and outer lower armature of relay 10—FT, con-
ductor 1023, to the grid of vacuum tube 1122. A
second ground connection is had at this time for
vacuum tube 1122 at the armature and marking
contact of relay 11—B which is included in a
circuit traceable over the front contact and outer
lower armature of relay ({—F2 to conductors
-~ 1123 and 1023 as hereinbefore stated.

19
Operator answers

* The operator, upon noting the hghtlng of
answer lamp 1101, inserts the answer plug, such
as plug 1201, of one of her calling cord circuits
into jack 1124 and thereby connects grounded
battery 1202 over the sleeve conductors of plug
1201 and jack 1124 to operate relay (I—SL.

. Sleeve relay 11—=SL, upon operating, (1) opens at
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its outer lower armature and back contact fhe
operating circuit for relay 11—L which releases
to extinguish answer lamp 101; (2) closes at its
outer lower armature and front contact an op-
erating circuit for relay 10—C2, the circuit being
traced from grounded battery, through the wind-
ing of relay 10—C2, conductor 1024, front contact
and outer lower armature of relay f{-—SIL, con-
ductor 1125, to ground at the front contact and
outermost lower armature of. slow-release relay
11--C1 and relay 10—C2 operates; (3) closes at
its inner upper armature and contact an obvious *
operating circuit for relay II—SL{ which oper-
ates; (4) completes at its outer upper armature
and contact the transmission circuit to the cord
circuit; (5) connects at its inner lower -armature
and front contact grounded battery 1189 to the
winding of relay {I—F and to resistances 1128,
1025 and 1026, Relay 11—SLi, upon operating,
(1) removes at its outer upper armature and back
contact one of the two ground connections from
the grid element of vacuum tube 1122; (2) pro-
vides at its No. 2 armature and contact a locking
ground for relay 1{—F2; (3) completes at its in-
ner upper armature and contact the biasing cir-
cuit extending through the lower winding of re-
lay 11—B; (4) connects at its No. 3 armature and
contact a ground to the grid of vacuum tube
1118; and (5) connects at its outer upper arma-
ture and front contact a ground connection to a
circuit traceable through winding No. 2 of relay
i8—C2, upon operating, (1) re-
moves at its outer upper armature and contact
grounded battery 199 from the No. 5 winding of
relay 11—R; (2) prepares af its innermost lower
armature and contact a future operating circuit
for relay 10—G; and (3) opens af its middle lower
armature and contact the operating circuit for
alternating current relay 19—RI. Relay 10—C2,
upon operating, also transfers the circuif includ-
ing ‘the biasing, or lower, windings in series of
relays 11—8 and (1—Sli, conductor 1812, from
grounded battery 1109 to a path extendmg over
the outermosi lower armature and front contact
of relay 10—C2, conductors 1827 and 1028 to the

5 transmission circuit to form an'apex at the arma-

ture of relay 11—R. Relay 18—C2, upon operat-
ing, closes at its innermost upper armature and
contact a path for holding relay 10—H in an op-
erated position during the time the subscriber at
station 102 is sending, even though relay {0—P
follows the signals. The action is as follows:

During the time interval when relay {8—P is-.on
its marking, or left-hand, contact and the contact
of relay 11—C is opened, one end of resistance
1029 and one end of the winding of relay i%—H
is grounded. Grounded battery {189 which is
connected to a path including resistance 1018 and
the inner upper armature and contact of relay
{0-—~C2; charges - condenser 1030 and current
through resistances.{03{ and 821 and the wind-
ing of relay 10—H to ground on the marking, or
left-hand, contact of relay {80—P holds xelay
{0—H operated. When relay 18—P operates to
its spacing confact one side of condenser 1030
and remstance 1018 is grounded and the current
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in relay 10—H reverses and continues to hold re-
lay 10—H operated. During long marking. or
spacing signals, relay 11—C operates to hold re-
lay {0-——H operated. The biasing current in wind-
ing No. 3 of relay 10—P tends to operate the re-
lay to its spacing, or right-hand, contact, but the
marking current in the No. 1 winding of the relay
is twice as great and in the opposite direction to
the current in the No. 3 winding so that the re-
lay is operated to its marking, or left-hand, con-
tact. The circuit is now ready for communi-

cation between the calling subscriber at station

162 and the operator at the switchboard in the
central office. Relay 10—P follows the signals
sent by the subscriber and in turn holds relay
10—H operated.

Subscriber sends a break signal

During communication befween the subscriber
. at station 102 and the operator at the switch-

board in the central office and particularly at

the time when the operator is transmitting,
should the subscriber at station 102 desire to
interrupt the transmission from the central office,
the subscriber operates break signal key 116 and
positive spacing polarity from battery source 933
will be -applied to the line at the concentrating
unit switching center during the time the break
key is depressed. During this time the subscriber
loop current is reduced from 20 milliamperes to 5
milliamperes.. This current is sufficient to hold
relay 8SP operated but permits send relay 9S to
operate to its spacing, or right-hand, position and
thereby place a spacing condition on trunk con-
ductor 801, At the central office end in response
to the spacing condition, relay 1 {—C continues to
hold relay [0—H and its associated relays op-
erated, however, and relay |1—B is operated to
its spacing, or right-hand, contact. As well
known in the art, the operator at any station pro-
vided with a “break” key may interrupt sending
from another station and take control of the
transmission circuit in simplex or half-duplex op-
‘eration by operating the break key for a short
interval. This makes the line circuit spacing and
stops proper printing at all stations. At the
station whose sending is interrupted, the “break”
is noticed from the fact that the machine, or
teletypewriter, fails to print properly when key-
board keys are depressed. When this condition
is noticed the operator usually stops sending and
awaits a message from the “breaking” station. At
the completion of the break, relays {{—R and
10—P operate to their marking contacts and the
circuit is again ready for transmission. If the
subscriber sends a break signal exceeding six sec-
onds, vacuum tube (122 will function but per-
forms no useful operation at this time. A break
signal having a duration exceeding six seconds
permits condenser 1121 to acquire a sufficient
charge from grounded battery 1109, through re-
sistance 1025 to cause vacuum tube 1122 to oper-
ate relay {1—F, the charge on condenser 1§27
being stored during the interval of long duration
at which time ground at the armature of relay
11—B is connected to the spacing, or right-hand,
contact of the relay. .

Break signal to the subscriber at station 102 -

A break signal transmitted from the cord cir-
cuit at the central office will operate relay {1—B
to its spacing, or right-hand, contact. Relay
1§—C will continue to hold relay (0—H and its
associated relays operated. Relay 10—P contin-
ues for a while to operate its armature between
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its marking and spacing contacts in response to
transmission from the subscriber station.’ When
relay 10—P is in its marking position, the circuit
for holding relay 10—H operated may be traced
from grounded battery (109, conductors 118 and
1017, resistance 1018, conductors {519 and (028,
armature and contact of relay 11—C, conductor
{117, resistance 1021, through the winding of re-
lay 10—H, conductor 10822, to ground at the mark-
ing contact and armature of relay {0—P. When
relay 10—P is in its spacing condition the circuit
for holding relay (8—H operated, may be traced
over another path which extends from grounded
battery 1108, conductors 1118, {817 and 1046, re-
sistance 1029, conductor 1022, through the wind-
ing of relay {0—H, resistance 1021, conductor
1111, contact and armature of relay {1—C, con-
ductors 1620, and 18(8, to ground at the right-
hand, or spacing, contact and armature of relay
10—P, The operation of relay [ #—B to its spac-
ing, or right-hand, contact removes ground from
condenser {127 and allows the condenser to
charge in a circuit extending from grounded bat-
tery 1109, conductor {149, inner lower armature
and contact of relay [1—SL, conductor (148,
1025, conductor 1023, con-
denser {121, to ground.

The break signal from the central office is re-
ceived at the concentrating unit switching center
as a spacing condition on trunk conductor 901.
Relay 9R opeérates to its spacing, or right-hand,
contacts and the subscriber loop current is re-
duced to zero. This will cause relay 8SP to re-
lease. Relay 8SP, upon releasing, would tend to
releasé relay 8SPI and thus relay 8SP2: How-.
ever, relay 9—OB operates to its right-hand con-
tact and furnishes ground potential to a circuit
traceable over conductor 837, outer lower arma-
ture and contact of relay 8SP2, through the wind-
ing of relay 8SPI! to grounded battery and relay
8SPI is maintained operated. When the loop is
again closed to a marking condition, relay f1—B
at the central office reoperates to its marking, or
left-hand, contact whereby condenser 1127 is dis-
charged, thus preventing the grid element of
vacuum tube 1122 from reaching such a potential
that plate current will operate relay {{—F.

If the break signal from the cord circuit exceeds
six seconds, the removal of ground from con-
denser 1127 for that period of time permits vac-
uum tube 1122 to operate relay {1—F which in
turn operates relay I—F'I in a circuit traceable
from ground at the armature and contact of re-
lay 11—, conductor ¢ {28, outermost lower arma-
ture and front contact of relay { {—C1L, conductor
1128, upper armature and back contact of relay
10—FT, conductor 1032, through the winding of
relay 1—F! to grounded battery, and relay
1{—F1 operates to close the subscriber’s loop.
Relay {I—F1, upon operating, also closes at its
lower armature and contact a circuit extending
from interrupter 130, lower armature and con-
tact of relay |I1—FI, conductor 1131, front con-
tact and innermost armature of. relay .10—C2,
through the winding of relay 18—G, to grounded
battery. Relay {0—G operates and releases with
the pulses supplied by interrupter 1130. Relay
{0—G, upon operating, removes at its upper ar-
mature and back contact grounded positive mark-
ing battery from the upper wirding of relay i {—8
and closes the loop through to the cord circuit,
the circuit from which the grounded positive
marking bkattery is removed may be traceable
from hattery 1108, conductors 1118 and 187, re-
sistance 1033, back contact and upper armature
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~rélay 9TR. The -conmnection -of ‘high Tesistance

‘of rélay ‘10—@, condudctor 034, upper arnrature
and front contact of rélay I {—F,“through the
upper -windings -in ‘series "of -relay TS _and

11—8 o “the -armdture -of ‘relay “I1—R,-and the
-other -circuit ‘which -closes “the ‘toop “through “the
-eord -circuit -may be traceable from .the armature
‘of relay 'F2RC,through the ypper winding of re-
"oy [ZRA, front contact and lower armature of

relay “‘12A4, tip conductors-of ‘plug 1281 and jack -

1124, -conrductor ‘1132, outer upper .armature and
ccontact of rélay i 1—SL, resistance 1133, through
~théupper winding of rélgy I'1—B, resistance 1,134,
conductor ‘1135, front contact and.armature of
rélay  f0—G, conductor 1034, upper armatiire and
“frorit contact df rélay LI—F{ through the upper
‘windings in series of relays I'1—Si and A1-—S8:to
-the ‘armature .6f rélay T1—R. "If the .operators

10

15

cord “circuit ‘is still ‘in spacing .condition, .relay -

F1—B remains on its spacing, or: rlght-hand,_con-
tact:and relays T1—S, II—SI .and (0—G:remain
‘operdted.and the 1epeater sends a.spacing signal
‘ouit to the concentrating unit .switching center.
Also relay .{0—G, A1pon operatmg, «closes at -its

lower .armature and contact a .circuit extending -

- from grounded .positive battery .1108, conductors
110 “and (017, resistance 1018, lower earmature
.and contact of relay .10—G, resistance 1021,
through the winding .of relay 10—H, .conductor
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931 ‘at the ‘concentrating unit-switching center to

“the “trunk -¢ircuit causes rélay #1-—C to rélease
-whiéh then Teleases relay (10— and in turn re-
“lay ‘t1—C{ réleases,

‘Relay” i1—Cl, upon releas-
ing, connects at its outermost lower armature
and'back.contact a.ground connection_to a circuit
tracedble over .conductors 1136 and 131, ring
.conductors of jack [I'f24 and plug 1201, fhrough
—the ‘windihg of :relay 12S4A, fo.grounded -battery.
Relgy 12SA, upon operdting, lights -supervisory
lamp "1203. Relgy 1i—Cl, upon réleasing, also
gpens at its outermost.lower armature .the :oper-
“ating ¢ircuit for relay 10—C2 .and .at its upper
armature transfers the transmission conductor
‘from the .armature of rélay (1S to.ground at
its ' back .contact associdted ‘with.its upper-arma-
‘ture. Rélay 10—C2 releases.and.closes.an. gper-
gting .¢ircuit for relay i 1—R, .the -circuit .keing
tracedble “from .grounded .battery -1109, -conduc-

* tors ¥160 and 1911, .resistance (010, middle upper

DO
U(

‘1022, ‘to ground .at the.armature of relay 10—, . .

.and rélay 10—H is thereby held in .its.operated
.pasition during the spacing interval. . Fhe re-
peated .operation and release .of .relay. - S—G Ain
response to fhe pulses furnished -by interrupter

1130, sets up a corresponding action .in relay:
[ {—8 -which 'in turn ‘transmits “the -interruption <

oversthe trunk conductor 981 4o the:subscriber’s
Station -connected :.at .the .concentrating sunit
.switehing .center. 'The reception :of :a marking

.eondition "at intervals at :the -subscriber sstation .: 0

-will permit the concentrator unit:switching ‘cen-
ter subscriber to-register a .recall ot :disconnect.
JIf the.subscriber-.diseonnects, relay.d {—Cwhich
.may -or ‘may .nat release rdepending wpon the
amountof leakage present on thetrunkconductor
when thetrunk conductor:is:in a’spacing:condi-
tion, -will release :.when the trunk repeater ;at the
:central-office isends:a marking :sighalouton sthe
srunk -conductor with the mext xelease -of ‘vélay
40-—-G. Thus the operation-and release of :rélay
#10—& caused the .send :relay idd—S to Hransmiit
space .and -mark :signals dhernately -to -the weon-
centrating-unit switchingrcenter. If:relay 10-—<G
iis-operated:and;ithe space:signal changes'to mark
din :the cord circuit loop, relay £1—B will operdte
to sits marking -contact cand :release- rélay 11—F
which will result in the release:of :relays IH—F
and £8—G:and the c1rcu1t will:be- ready for-com~
munication.

" Concentrating .unit subscriber -.diseonnects .

"When the concentrating -unit subscriber -dis-
conmects, the subscriber loop ‘is-open at his-sta-
tion :and irelay {8SP réleases theréby causing the

subsequent :release, in furn,-of relays 8SPI “and

88P2. iRelay 8SP2, vpon réleasing, opens gt its
puter-upper ;armgture -and -contact ‘the -operating
circuitzfor relay 9TR-which-releases. ‘Relay 9TR,
upon releasing, transfers at its ‘outer‘lower arma-
ture, “truntk :conductors 901 and -940, ‘from “the
trunk srepedter to the ‘high wresistance -ground
which iis rextended cover -eonductors ‘903 -and 941,
contactand inner upper armature -df rélay *9TR,
sthrough the winding-of relay ‘Sl resistarce 931,
tozthre back coritact and outer ‘lower armsture of
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.relay .

-.armature and contact-of relay {0—C2, conduetor
T01°f, through the winding No. 5 of relay -kl—R, to
£ground. Relay :Il.I—R -operates to -its -marking
.contact.and thereby causes relay {1—=S.to operate
to.its.marking.eontact. ‘
When the .operator removes the- cord~p1ug 1201
from Jjack kLi24, relays {41—SL and i#d—SLl, re-

" lease.in-turn. ,Relay FI—LSI ypon r_elea.sing, TE~

_moves.ground at.its No. 3 armature: and condenser
1-I38 -thereby charges-in-a-circuit extending from
-grounded-battery 1108, eonductorsId:8 and -39,
‘normajlly -closed .make-befare-break :contact -of
Lt—D2, resistance [+40, -eonductor -hi2g,
condenser { 1384;0 ground-at the outer lower arma-~
ture .and contact .of -relay -hi—BY. -Condenser
.L£38 chayges to a-patential sufficient to makevac-
aum - tube 4418 ;conductive and thereby eperate
relay A1—Di. Relay {I—Di, upon opersting,
-Closes.an operating.circuit:for relay:I—D2which
opberates. . Relay h-——D2, ;uypon -operating, (1)
closes at its: outermost-upper armature and; dront-
contact a circuit extending over the front con-
tact and innermost ‘upper armature of relay
. H—CL:to complete-the chargeof condenser 138;
(2). connects:at-its outermost:lower armature and
seontact-a.greund connection toithe operatingwir-
.cuit-for relay K0—E which:operates; (3) :corinects
grounded negative -battery | 141 mt>its front ccon-
tact -and Jinnermost ‘upper ;Aarmature to ;g ‘circuit
.extending over.conductor - 142, front contact:and
-upper .armature .of -relgy - IO—-—E ~conductors L0 £6
.and 105, to:the-outgoing trunk-conductor:961:to
effect, the release:of the operated.apparatus:at.the
.eoncentrating unit.switching center; -(4) -connects
-ab its middle upper armature:and. front contact:a
£ground eonnection -to.a path .extending ithrough
resistance -1143, ;conductor -i 129, condenser 138,
flaments .of vacuum -tubes Al 9 -and i 122, o
‘grounded -hattery ;1188 whereby :condenser 1138
‘continues to.charge; (5) connects:ground at:its
innermost lower -armature :and :ceontact ito
grounded battery .[444.therehy shunting the wini-
‘ing.of rélay .I1-~CL which releases;and:¢6) sup-
plies.at.its .middie lower armature and-contact.a
‘ground.connection-for.-holding busy:relay : l4—BY
operated Relay .1L.i—CL, upon releasing, (1) :re-
moves ground .at its.outermost ‘upper :armature
and .contact. from the.operating circuit.of relay
‘I''—F2 which.releases; and.(2) -opens:at itsinner-
most upper armature .and - contact 'the -charging
‘circuit for condenser ‘1138 which starts-discharg-

. ingthroygh.resistance 1.143. . After approximately
. two seconds'the plate current.invacuum.tube-F19

75

is reduced by the reduction in grid element po-
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tential to a point where relay {i—DI releases
thereby releasing relay |{—D2. The release of
relay L1—D2 opens at its middle lower armature
and contact the holding circuit for relay {1—BY
which releases and the circuit is thus restored to
normal idle condition.

During the interval when the timing of ap-
proximately two seconds for the operation of vac-
uum. tube 1119 is effected grounded négative bat-
tery is connected to the trunk conductor 901, and

‘e

—

0.

relay 9L operates toits off-normal position for the -

duration of the negative battery pulse thereby re-
‘moving ground from the grid condenser 825.
Condenser 82§ is then charged in g circuit ex-
tending from grounded battery 812, conductor

826, condenser 825 to ground at the No. 5 arma- -

ture and contact of relay 8—ON and in one sec-
ond the grid potential of vacuum tube 819 is
raised so that sufficient plate current flows to op-

erate relay 8D which, upon operating, operates
Relay 8Di, upon operating, discon- "

relay 8DI.
nects at its inner lower armature and back con-
tact ground connections.from the locking cireuit
for relay -8—ON and at its outer lower armature
and contact the locking circuit for relay 8RC.

Relays 8—ON and 8RC release. Also in the event

that the subscriber station is connected by man-
ually operable means to the trunk circuit patch-
ing cords will be inserted in jacks 811 and 812 and
at this time relay 8DI upon being operated con-
nects ground at its inner armature and front con-
tact to a circuit traceable over the conductor 828,
operated contacts 828, conductor 830, through the
winding of relay I13DL, to grounded battery and
relay 13DL operates to light a call-disconnect

lamp 1301 as a signal that the manually operable

means (patching cord) may be removed from the
jacks 811 and 812, the removal of the cord causing
the release of relay I13DL and the extinguishing
of ‘lamp 1301 Relay 8—ON, upon releasing,
opens the filament circuit of vacuum tube 819
whereby relays 8D and 8DI are released and the
circuit is again in normal idle condition.

Operator rerings

If the operator upon receiving a disconnect sig-
na] from the subscriber wishes to rering the sub-
scriber station, ringing current from source 1035
is applied to a. circuit extending through lamp
1036, front contact and lower armature of relay
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conta.ct‘of relay 8R2, to ground at the outermost
lower armature and contact of relay 8SL{. Re-
lay 8R3, upon operating, (1) connects ground at
its lower armature and contact to a path -extend-
ing over the middle lower armature and. contact
of relay 8SP2, through the normally closed tip
contacts of jack 812, to the ring .conductor 822
which extends over the ring side of the sub-
scriber’s loop; (2) operates relay 8B; and (3)
transfers the tip conductor 823 from the loop side
of the repeater relay to .source 840 of ringing
current which operates the subscriber’s station
bell 112. This arrangement makes it necessary
to ring on the answer cord plug (201 and there-
fore the position circuit is associated with . the
cord shown in Fig. 12 by operating typing key
{204 after which the ring answer key 1209 (an
element used in cord circuits of the prior art) is
operated to control relay 1210 in the cord circuit.
Relay (210, upon operating, connects source 1211
of continuous ringing current in the cord circuit
to the answering cord plug 1201. When ‘the
operator releases ringing key 1208, relays 9RI,
8R2, 8R3 and 9R4 release to remove the sub-
scriber loop from the ringing source 830. Re- .
lay 8B which also connected ground to ring con-
ductor 822 releases after an interval sufficient, to

" allow the loop capacity to become discharged. If

30

40

50

10—D, conductor 1037, back contact and inner-

most lower armature of relay i{i—D2, conductor
1142, front contact and upper armature of relay
I0—E, condiictor 1016, through the . normally
closed tip contacts of jack 1008, conductor (015,
normally closed tip contacts of jack 1005, trunk
conductor 901, normally closed tip contacts of
jack 938, conductor 939, normally closed tip con~
tacts of jack 930, conductor 940, outer lower
armature and back contact of relay 9TR,
through the winding of relay 9R I, condenser 908,
inner uppet armature and back contact of relay
9TR, conductor 941 back to ground at the central
office. Relay 9RI operates thereby operating in
turn relay 9R5. Relay 9R5, upon operating, oper-
ates relay 9R4 which, in turn, upon operating,
causes relay 9R5 to release. Relay 3RS, upon re-
leasing, causes relay 8R2 to operate which in turn
causes relay 8R3 to operate in a circuit traceable
from grounded battery at the outer right-hand
armature and contact of relay (3DL; conductor
1320, through the winding of relay 8R3, back
contact and inner upper armature of relay 8SP2,

conductor 829, armature No. 7 and contact of

relay 8-—ON, outer upper armature and iront
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the circuit is arranged for automatic ringing, that
is, interrupter 83( is provided to furnish inter-
rupted ground pulses, relay 8R3 will be operated
by the pulses from source 831 to apply ringing
current from source 840 to the subscriber loop
at regular intervals,

Recall signals from the subscriber station

Recall signals are transmitted from the con-
centrating unit subscriber station by momentarily
opening recall, or flash, key {14 or momentarily
operating power switch (10 to its “off” position
in which case switch {10 is immediately operated
back to the “on” position. Momentarily operat-
ing power switch 110 to it “off” position is, in
effect, a disconnect followed by a new call. When

5 the power switch is in the off position relays 8SP,

8SPI and 8SP2 release and as hereinbefore de-
scribed relay 9TR releases thereby terminating
the trunk conductor in the high resistance ground
condition by connecting resistance 93( of high
value in the trunk circuit. Relay I1—C releases
and in turn releases relay 10-—H. 'The release of
relay 10—H causes relays {I—Ci and 10—C2 to
release: in furn. Relay 1i—CI, upon releasing,
functions as hereinbefore described and ground
on’ the ring conductor of cord plug 1201 causes
supervisory lamp 1203 to light. ‘“When the power
switch. 110 is returned in its “on” position, a
marking condition will again be placed on the
trunk by the concentrating unit. Relay {{—C
and in turn relays (0—H, 1i—C{ and 10—C2
will operate, restoring the circuit to the com-
munication condition. The removal of ground
from the ring circuit of the answer cord plug
1201 causes the cord supervisory lamp 1203 to
flash as an indication of a recall signal. The
operation of the power switch to its “on” position
likewise. causes relays 8SP, 8SPI and 8SP2 and
9TR to reoperate and the trunk circuit is again
in marking condition. - :

The subscriber may send a recall or discon:
nect signal during the time the trunk ecireuit is
in marking condition, when a trouble break exists
on the switchboard side of the terminal repeater.
‘When this condition exists the trunk circuit times
out. after approximately six seconds and causes
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relay 1 {R to send out long marking and. short
- spacing signals-over the line to the concentrating
unit subscriber. .

_ Call orzgmatmg at the central office. for a sub-
scriber statzon

The esta,bhshment of a call about to: be de-
seribed herein: is assumed to be to a subscriber
station having attended service. The operator,

upon selecting, an idle trunk extending to the

concentrating unit switching center, inserts one
of her calling cord plugs, say plug (205 into jack
{124, which corresponds: to the selected trunk
thereby completing a circuit from grounded bat-

tery, through the winding of relay 12AC, ‘sleeve ']

conductors of plug 1205 and jack :1124, through
the winding of relay {i—SL, to ground. How-
ever, before the insertion of plug 1205 the oper-
ator selects a particular-cord circuit by operating
the typing key of that particular cord, say Rey
1204. Relays I12AC and [1—SL operate. Relay
128C operates in a-circuit traceable from ground-
ed battery, through the winding. of relay 12SC,
ring conductor of plug 1205 and jack 1124, con~
ductors. 1131 and 1138, to ground at the outer-
most lower armature and back contact of relay
ti—Cli. Relay 12SC, upon operating, lights the
call lamp (206, Relay (2AC, upon operating, (1)
closes at its upper armature and contact an oper-
ating: circuit for relay 12C which operates, and
(2)° closes .atits lower armature and contact a
path -traceable from grounded: negative battery
{207, spacing or right-hand contact and -armature
of relay [2RA through the upper and lower wind-
ings, in.parallel, of relay [2RC, operated off-nor-
mal, left-hand contacts of key 1204, through the
operator’s. position circuit, operated off-normal
right-hand contact of key 1204, front contact and
lower: grmature of relay {2AC; normally- closed

contact of ring key 1208, tip conductors of plug.

{2085 and jack 1124, conductor (132, outer upper
armature and contact of relay H-——SL through
the upper winding of relay I1—B normally closed
make-before-break contact of relay |I—Fi,
through the upper winding in series: of “relays
{1—Si and i1—sS, armature and marking, or
right-hand, contact of relay |1—R-to grounded
negative battery ii41. - Relays  12RC, [1—B,
{1—S1 and {[—S are held in the position shown
by current flowing through their respective bias-
ing windings.

Relay {1—SL, upon eperating; closes an oper-
ating circuit for relay 1{——SLI which operates
to establish: the biasing current for relay |§—B:
Relay {1—SLi, upon operating, closes at its No. ¢
armature and contact a circuit extending from
ground, outer upper armature and back contact
of relay I[1-—F2, conductors 1145 and 1040,
through the ,-winding of relay 10—D, to grounded
battery and relay {0—D operates to close at its
upper armature.and contact an: operating circuit
for relay 0—E and at its lower armature and
front contact a circuit extending from source 1035
of ringing current, through lamp 103§, front con-
tact and lower armature of relay {0—D, con-
ductor 1937, back contact and innermost upper
armatiire of relay 11—D2, conductor {142, front
contact and upper armature of operated relay
10—E, conductor 1016, normally closed tip con-
tacts of jack 1006, conductor 1015, normally
closed tip contacts of jack 1805, tip conductor
801 which extends through the concentrating
unit switching center. Relay {0—BE, upon oper-

ating, transfers-at its lower armature and con- -
1001, from -resistance - 1004, - to-

tact " conductor.
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ground: thereby providing metallic eircuit ringing
inasmuch- as conductor 1007 is connected to- the
neutralizing wire 903 which extends to the con-
centrating unit switching center. . Relay #{-—SLf,
upon operating, also (1) closes at its contact and
No. 1 armature and operating circuit for busy
relay r{—BY which operates to close at its outer
lower armature and contact a circuit for ener-
gizing and: lighting the filament of vacuum tubes
{119 and 1122, (2) disconnects ground at its outer
upper armature and back contact from & circuit
extending over conductor ti47, outer lower arma-
ture and back contact of relay | 1—F2, resistance
1126, conductor 1148, front contact and inner
lower armature of relay #1—SIL, conductor 1149
to grounded battery (109, thereby connecting
grounded battery 1109 in a circuit now extending
over conductor ({49, inner lower armature and

. front contact of relay i{—SL, conductor (148,
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resistance 1126 in parallel with resistance 1025,
back contact and outer lower armature of relay
{0—FT, and conductor 1023 as the charging path
for condenser (127, the grounded battery ({09
being also connected through resistance 1029 to
the winding of relay 10—H, and (3) connects at
its: No. 3 armature and contact ground to the
path extending over conductor 1§20, condenser
1138 and the filaments of tubes 1§19 and 1122,
After  approximately one and one-half seconds
tube 1122. becomes conductive to operate relay
{.I—F" which operates and closes at its armature
angd: contact a -circuit traceable over conductor
1128, outermost lower armature and back contact
of relay [1—CL, normally closed make-before-
break contacts.of relay {1—F2, through the wind-

[ing: of relay [1—F2 to'grounded battery. Relay

{1—P2 operates and locks up in a circuit trace-
able to the contact and No. 2 armature of relay
{1—SLl. Relay F1—F2, upon operating, (1) re-
moves resistance 1126 as a shunt across resistance
1025, connects condenser 1821 to the .circuit
which is ‘traceable over conductor 1023, outer
lower armature and back contact of relay {0—FT,
conductor {123, outer lower armature and front
contact of relay 11—¥2, conductor 11486, to ground
at the marking contact of relay {1-—B, in which
circuit condenser 127 is discharged, (2), closes
at’'its inner upper armature and contact an oper-
ating ciircuit for relay {1—CL, and (3) opens at
its outer upper armature and back contact the
operating cireuit for relay 10—D which releases.
Relay 10—D, upon releasing, (1) replaces the
ringing current on the trunk conductor 901 with
ground through resistance 1042 in order that any
charged condition of the trunk conductor 90t
may be dissipated and (2) opens at its upper
armature and contact the operating circuit for
relay 10—E which releases to transfer the trunk
conductor 801 and conductor 1016 to the repeater
cireuit. -

© The call from the central office is received at
the-concentrating unit switching center as a one-
second” interval of ringing current from source
{035 as hereinbefore described. This ringing cur-
rent is received over trunk conductor 901, nor-
mally closed tip contact of jack 838, conductor
939, normally closed tip contacts of jack 930, con-
ductor- 848, outer lower armature and back con-
tact of relay 9TR, through the winding of alter-
nating current relay 9Ri, condenser 906, inner
upper armature and contact of relay 9TR, con-
ductor 841, lower normally closed contact of jacks
930 and 938, trunk conductor 803, normally closed
ring contacts of jack 1005, conductor 1643, upper
normally closed contacts of jack 1806, conductor
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1007, lower armature and front contact of oper-
ated relay 10—E to ground, relay 10—E being
operated at the time the ringing current.is ap-
plied to the trunk conductors. The ringing cur-
rent on the trunk conductors operates relay 9RI.
Relay 9R1, upon operating, closes at its armature
and contact a circuit traceable over the lower
armature and back contact of relay 9R4, through
the winding of relay 9RS, to grounded battery,
and relay 8R5 operates. Relay 9RS, upon oper-
ating; closes at its armature and front contact
an operating circuit for relay 9R4 which operates
and at its lower armature performs two functions,
namely, closes a locking circuit for itself and
opens the operating circuit for relay 9R5 which
now-releases. Relay 8RS, upon releasing; closes

10

at its armature and back contact an operating

circuit for relay 8R2 traceable from ground on

the contact and armature of relay SR, lower.
armature and front contact of relay 9R4, arma~ ¢

ture and back contact of relay SRS, contact and
upper armature-of relay  9R4, conductor 941,
through the winding of relay 8R2; to grounded
battery and relay 8R2 operates. Relay 8R2, upon
operating, (1) closes at its outer lower armature
and contact an operating circuit for relay 8—ON
which operates and locks in a circuit traceable
over its No. 4 armature and contact to ground
at the back contact and armature of relay 8Di;
and (2) closes at its inner lower armature and

contact an operating circuit for relay 8—OC,"

which operates. Relay 8—ON, upon operating,
connects ground at its Nos. 1 and 2 armatures to
circuits adapted to energize certain windings of

the repeater relay 9R, the circuit closed at the :

No. 1 armature being traceable over conductor
832 and then over two parallel paths, respec-
tively traceable over resistors 929 and 930. The
path over resistance 929 is further traceable over
resistors 942 and 943, through winding No. 2 of
relay 9R, through a noise-killer network includ-
ing résistance 923, retardation coil 920, to
grounded negative battery at the marking con-
tact and armature of relay 8S. The path over
resistance 930 is traceable through resistances 945
and 946, the No. 5 winding of relay 9R, through
a noise-killer network inecluding retardation coil
924 and resistance 925 to ground. - Also relay
8—ON, upon operating, (1) completes at its No, 5
armature and contact the energizing circuit for
the fllament of vacuum tube 819 and the filament
lights; (2) connects at its No, 3 armature and
contact a ground connection to the future oper-
ating circuit of relay 8SL; and-(3) closes at its
No. 6 armature and contact a point in a path
which is now open at the inner upper armature
and contact of relay 8R2, the path being trace-
able over the inner lower armature and contact
of relay 8RC, back contact and middle lower
armature of relay 8SLf, conductor 833 to the
sequence circuit where at the right-hand arma-
ture and back contact of relay {3BO it divides
into two other paths one extending over con-
ductor 1321, resistance 1322, through the winding
of relay 138712, to grounded battery and the other
extending over the back contact and left-hand
armature of relay (3DL, call-disconnect lamp
1301, conductor 1309, through the winding of
relay 14E, to grounded battery. Relay 8—OC,
upon operating, connects at its outer lower arma-
ture and contact a ground connection to a path
extending over conductor 816, through the trunk
sequence circuit, where the path is traceable
through the winding of trunk advance relay
13AD; to grounded battery, and relay 13AD oper-
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ates to remove the selected trunk from the se-
quence circuit chain and to condition for. use
the next idle trunk. . :

At the end of the ringing period relays 9RI,
R4 and 8R2 release and ground from the back -
contact and inner upper armature of relay 8R2
completes the circuit~ hereinbefore traced over
conductor 833 to seize the sequénce. circuit and
operate relays 13ST2 and 14E. Relay I4E, upon
operating, closes an alarm circuit wherein lamp
1408 lights and if the call is at night, cut-off key
1403 will be in its normal position and relay. i14F
operates. Relay [4F, upon operating, closes at
its armature and contact a buzzer circuit extend-
ing -through buzzer magnet (4D—MGT, lamp
H411 to a source 1412 of continuous ringing cur-
rent and the buzzer magnet {4DMGT operates to -
give an audible signal fo. the attendant at the
concentrating  unit switching center. - Relay
13872, upon operating, closes at its armature and
contact a circuit extending from ground; con-
ductor (323, contact and armature No. 1 of relay
3G, conductor 321, contact and outer left-hand
armature of relay (8BOX, through the winding
of relay 13TA, to grounded battery, and relay
I13TA operates and locks in a circuit traceable
over its. inner right-hand armature and contact
to ground at the armature and contact of relay
138T2, Relay I3TA, upon operating, opens at
its .inner left-hand armature and back contact
the circuit for operating the subscriber cut-in
relay 3SC; to prevent the establishment of a call
originating at a subscriber station; (2) closes at,
its inner left-hand armature and front contact
an operating circuit for relay 13TC, the circuit
being traceable from grounded battery, through
the winding of relay (3TC, front contact and
inner left-hand armature of relay 13TA, con-
ductors 1310 and 1311, to ground at the. closed
contact of manual service key 301; and (3) con-
nects: ground- at its outer right-hand armature
and front contact to conductor 1608, which:ex-
tends to the contact and upper armature of relay
16A1 which at this time.is unoperated. Relay
16A[ is the start relay for the motor of the start-
stop -distributor in the director circuit and the
grounded conductor 1608 serves as a locking cir-
cuit for the motor start relay when the latter is
operated. L N . :

Relay 18TC, upon operating, extends two con-
ductors of each trunk circuit of a group of five
to.one of the U relays of the five U relays shown
in-Fig. 3. Assume that the trunk selected by
the operator at the central office is trunk No. 1
of its particular group of five, then armatures
Nos. 1 and 2 of relay (3TC will extend conductors
1321 and 1324 to conductors 1325 and 1326, .re-~
spectively, The ground on conductor 833 when
relay 8R2 released is now extended over con-
ductors 1325 and 322, in series, contact and arma-
ture No. 1 of relay 3GA, conductor 323, through -
the winding of relay 3Ul, to.grounded battery
and relay 3Ul operates. Relay 3Ul, upon oper-
ating, closes at its front contact and inner lower
armature a locking circuit for itself, the cireuit
extending over conductor 310, left-hand arma-
ture, back contact and right-hand winding. of
relay 3GRB, through the winding of relay 3GF,
conductor 324, to ground at the back contact and

(V' left-hand armature of relay 4D. Relay 3GB

oberates over g circuit traceable over its left-hand
winding. . Relay 3GB, upon operating, operates
relay 3GC which, in turn, operates relay 3GA.
Relay 3GB, upon operating, causes the release of
relays 3GF and 3GE, successively. Relay 3GE,
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upon releasing;: causes-lamp-325 to:-light indicat~
inghat.the:sequence:circuit: is-busy. Therel€ase:
of ‘ relay:-3GH: also ‘causes slow=to-=release relay:
3GD: to operate:: Relay: 3GD,: upon - operating;
connects ground:at its:right-hand. armature: to-a:
circuit traceablé-over conductors.3+1 and:318;
contact and:middle upper-armature:of relay-3UL}
conductor. 1326,:No, 2 armature and: contdet ol
relay 4 3T€, . conductor-1324, through:the winding:

of "director circuit relay 13DC, to.grounded:hat=

tery-andcrelay:13DC.operates. . Also reldy 3GI.
upon:operating; closes atb. its outer:left=hand-ar~:
mature-and:contact a point in-the operating cir~
cuit of: relay~I4LS1, but:irasnruch:as relay 3SC
is.;unaperated:atithe time;: relay-14LSi::does not:
operate-and: consequently relay 14 Hdoes notlops
ergte on:a call:originating :at.:the :centrakoffice.:

. Relay 4 3BC, . upon:operating;: (1) ;places:ground:
ati-its contact and ‘outermost-left=hand armature

on -conductor {304 for roperating :director start -

relay: I6A and relay .16Aoperates;  (2)’conneets.
transmission conductors 1862 and:4303:of: the:dis
rector-circuit to-conductors:8ti-and 813, respec~
tively; ofi:the trunk-circuit;; (3) :connects:at-its
innermost left-hand armature -and-contact, the
left-hand winding:of-relay..13BO to a:cireuit-exs
tending-in: parallel paths over conductor:{624-and:
alarm: conductor {325, respectively; (4) -connects:
at-its innermost right<-hand armature-andiicon=
taet a ground connection-to a-path which:extends:
over conductor. 1326, contact.834; through .the-
winding: of-relay -8W,; to.grounded battery relay.

(o1

8W.operating:for o purpose. to be-hereinatter .de:- -

scribed;. . (5):- connects at .its.middle.left-hand:
armature and .contact, an:additional ground-:for.
locking relzy:3GD.. Ground..connected .to -con-
ducter . 1326 .which.. leads. to. the trunk cireuit
causes through.the operation of relay . 8W, the.op:-
eration: of .seleeting -magnets,. such -as 28M~2 .of.
the .cross. bar switch. shown,. of the link.circuit:.:

The opel.atlon of the selecting magnet-28M-—2.ta.
28MS. and. also: that. of .selecting. magnet,. mags
nets:28M---0.and 28M—{ conneet ground.at the-
armatures and contacts of these magnets.to.con-
ductor 286 which extends.to grounded battery,
through the winding_ of reldy (4D and.relay.14DC
operates. I this case.relay (4D, upon operating,,
causes connection lamp 1408 tolight,.and supplies’
an.additional ‘holding "ground. for.relay 3GD .

Director circuit.

When the selected trunk.at the-concentrating.
unit switching center receives permission to route.
the call .through the switching center, .the se-:
guence circuit connects the director. circuit to the.
particular, or selected, trunk: . The inward trans-
mission. path from. the trunk circuit is in marking,
condition’ and by means of the.contact and arma:
ture of gate relay 8G, is connected to- -conductor
811 which extends overthe contactand outermost
right<hand . armature of reldy  13DC,* condtictor
1302; normally closed ‘contacts of ‘jack~160F, con=
ductor 1602, through the upper-winding-of reldy-
16G,. to.ground... The.outward: transmission.path-
to the trunk includes.conductor 1323, middle
right-hand armature and contact of relay 13DC,
conductor813; upper:windings, in series;.of reldys
8Giand-BE, torgrounded:battery:8 12.;:, Therses
quence :circuit, upon:seizing the:director-circuit;:
plaeced:ground;: as:hereinbefore.stated;: onzcons:
ductor 1304 which: caused:the-operation: of ;relay;
i6A; Relay (6A; upon:.operating;:. (1).r opgrates-
relay:16A4; (2) removes atdtsouterldwer;armas-
ture -anda back:: contaect the: ground: connection:
from:the grid-element of<-vacuum: tube:1647; (3);
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closes atits outer upper armatureand contact an:
operating circuit. from:groundy outer upper arma-
ture :and back:contact of relay:16€1 outer upper
armature and:-contact ‘of .relay: 164, through "the.

- winding -of relay 16A2, to:grounded.battery-and:

relay 16A2-operates; (4). supplies a-future locking
ground for-relays 46T and -16TB as.will:beheres
inafter-described;: (5)::supplies:at. its:outer-lower
armature and front contact a ground-connectiom
to-(a): a- path>extending: over.-conductor: 1681,
armature and :back:contact ofirelay: {6C, con=
ductor: 1525, -contact -and:.outermost.Jower -arma=
ture of:relay: I6LU, conductor 1626, normally.
closed. contacts:151 1, conductor 1522, through the

5 winding-of sta,rtxmagnet 1501, to grounded bat-

tery; conductor: 1626. also: furmshmg -ground. -for -
therunoperated.receiving::contacts -1508..to- 1509,
(b) 4osconductor-162T which extends through the
lower.winding: of -relay 16G, to grounded.battery.
1628,.the. current in the:lower winding:tending:to
bias .relay.16G.te its spaeing, or-left-hand; posi-
tion,.(e) to conductor 1629 to.the normally.opened
contacts.-1548..which..are: in..engageable. relation.
with.. stop..cam.. 1524,  (d). to- the -potentiometer
formed.byresistances f534.and (835,.which.is later.
used.in operating, the.relays: 15R1 to-.[5RE,. (e)
to.the upper .winding, of: relay 15R6.which biases.
this reldy.to its spacing;.or left-hand, contact.and
(f)..ta the.front contact at the lower.armature.of.
relay.. {6C{ . which .contact when .closed.is: later
used ..to -start .the.director. ready .signal. Relay,
18A1. when..operated,. closes. at .its.-inner lower
armature and .contact,.an. operating. circuit..for
the. distributor .motor, the circuit beirig traceable
from grounded battery §638, resistance 1684, in-
ner lower . armature. and- contact of reldy 16Al,
conductor 1631, field winding 1530, motor 15371,
resistances 1508 and 1532, to.ground and.the gov-

*ernor .contacts 1533 which are closed ‘whileé the.
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motor is coming up to speed. Relay {6Al, upon:
operating, performs other functions, namely, (1)

closes a locking_circuit for itself ‘extending-over
the upper armature and. contact, conductor 1608,
to ‘ground ‘at-the outer right=hand ‘armature of
reldy 13TA and therefore the motor is kept run=
ning under control of the sequence circuit as long
as-an-ificoming call is-awaiting- complétion;  (2)
supplies ground at-its outer lower-armature and
contact;-through the armatures of reldys ISR1 to-
{5R5 *which'permits these relays-to-lock'in:either
direetion i’ which they may be-operated, the-cir<
cuit ‘being-traceable over-conductor 1632;: While
the-motoris attaining-speed; the distributor cams
are-operating -to- cause-brief closure "of ‘each re-
ceivirig contact; in turn; the.contacts being desig-
nated 150570 1509 -respectively: Relays:15R1 ito-
15R5will: therefore-operatesand ldck'in-the spac-
ing, or<right-hand, direction dueto these:closures
to-ground.

THe :spaeing -locking paths of-‘relays=18R1 :to:
I5R5 “are through the wirding-of-relay 153 and:
their .respectiveNo:- 3 windings.. Therefore:relsy.
{5J.will operate as soon as any one of relays (5R1
to 15R5 operates t¢ spacing. Reélay 5J, upon op=
erating, opens:the-operating :path: of-relay 15F
preventing:its:premature-operation.. Meanwhile-
relay-16A2, upon: operating, has, in- effect, placed:
the:sensitive.slow-to-release relay;16B..across the
governor: contacts - 1933, prepared. in..advance. a.
path. for operating the. fast-operating relay.16C,
and has:opened at its.outer.lower.armature. and.
contact a future operating .circuit extending from.
the armature of relay {6G,-to the distributor.con-
tacts..

. When.-full speed.is.reached the.:governor.con-
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tacts open momentarily removing the short cir-
cuit from resistance 1503 of relatively high value
and allowing relay 16B to operate through re-
sistances 1504 and 1605. Relay 6B being of the
slow-releasing type, with the help of condenser
16066 holds over governor contact closures thus
operating relay {6C as soon as the “stop pulse”
contacts 1510 close at the end of each character
signal received.

Relay 16C, upon operating, removes ground
from the receiving contacts 1505 to i509 and
start contacts 1511 whereby start magnet 1561 re~
leases, latching the clutch and preventing fur-
ther operation of the contact cams. Relay 16C,
upon operating, locks in & circuit traceable from
grounded conductor 1637, armature and front
contact and lower winding of relay 16C, through
the winding of relay 16CI, conductor 1633 to
grounded battery 1628 and relay {6CI operates.
Relay 16Cl, upon operating, closes at its lower
armature and contact the circuit for sending the
“director ready” signal to the distant central
office, the circuit being traceable from ground on
conductor 16317, contact and lower armature of
relay 16CI, normally closed make-before-break
contact of relay 16N3, conductor 1303, middle
right-hand armature and contact of relay 16DC,
conductor 813, through the upper windings, in
series, of relays 8G and 8Gl, to grounded battery
812. Relays 8G and 8GI operate, relay 8G send-
ing the “director ready” signal to the loop re-
peater which in turn transmits the “director
ready” signal to the operator at the distant cen-
tral office. Relay 16CI, in operating, also (1)
connects at its inner upper armature and con-
tact the armature of relay 16G to a circuit ex-
tending over the distributor receiving contacts
1505 to 1509 and start contacts 1511 which circuit
is opened at the outer lower armature and con-
tact of relay 16A2 preparatory to receiving the
pulses from the loop repeater; (2) opens at its
outer upper armature and back contact, the op-
erating circuit for relay 16A2 which releases and
(3) provides at its outer upper armsature and
front contact off-normal ground to a large part
of the director circuit including ground on the
armature of relay I5R6. Relay (6A2, upon re-
leasing, removes relay 16B from the governor
contacts, completes the circuit from the armature
of relay 186G to the receiving contacts 1805 to
1589 and starting contacts 1511 and transfers the
stop pulse contacts 1510 from the upper winding
of relay I6C to the operating, or lower, winding
of relay I5R6 preparatory to receiving pulses
from the loop repeater. After the “director
ready” signal is sent the following relays are
held operated, 16A, 16A1, 16C, 16C1, 15, and re~
lay 16G is held operated to its marking, or right-
hand, position and relays I5RI to I5R5 to spac-
ing, or right-hand, positions. The circuit is now
prepared to receive pulses from the central office.

Receint of director ready signal at central office

At the concentrating unit switching center the
reception of the ringing current transmitted
from the central office has conditioned the equip-
ment at the concentrating unit switching center
for the receipt of the call and has established
cohnection to a director circuit. This places a
negative potential on the concentrating unit
switching center end of the trunk.

The negative potential, or marking condition,
on the trunk at.the concentrating unit switching
center is received over transmission conductor
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801 of the trunk circuit to operate relay {(—C
in a circuit which extends over the normally
closed tip contacts of jack 1005, conductor 015,
the normally closed tip contacts of jack 1006,
conductor 1016, upper armature and back contact
of relay (0—E, through the winding No. 1 of re-
lay 10—P, through winding No. 1 of relay {1—R,
resistance 1105, retardation coil 1106, through
the upper winding of relay {{—C, upper arma-
ture and back contact of relay {1—Cl to ground.
Relay 11—C, upon operating, closes an operating
circuit for relay [0-—H, the circuit being trace-
able from grounded battery 1108, conductors 1110
and 1017, resistance 1018, conductors 1018 and
1020, armature and contact of relay i 1—C, con-
ductor 1111, resistance 1021, through the winding
of relay 10—H, conductor 1022, to ground at the
armature and marking contact of relay {0—P and
relay 10—H operates. Relay 10—FH, upon oper-
ating, closes at its armature and contact an op-
erating circuit for relay {i-—Cl which operates.
Relay 1ICi, upon operating, removes at its outer-
most - lower armature and back contact the
ground connection from the ring conductor of
jack 1124 and thereby causes relay [2SC of the
cord circuit to release. Relay 12SC, upon re-
leasing, extinguishes supervisory lamp 1206 as an
indication to the operator that she may send the
selective pulses for selecting the desired sub-
scriber station connected at the concentrating
unit switching center. Relay {{-—Ci, upon op-
erating, also transfers the transmission ecircuit at

* its upper armature from ground at the back con-
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tact to ground connected through the marking,
or right-hand, contact and armature of relay
11—S and front contact of relay {I—Cl. Relay
{1—Cl1, upon operating, also connects ground
at its innermost lower armature and contact, for
condenser 1138 and grid element of tube 1119, via
the middle upper armature and front contact of
relay {1—CL which at this time is in an operated
condition, and the vacuum tube {118 is thereby
held inactive. Relay I—CI, upon operating,
also closes at.its outermost lower armature and
front contact an operating circuit for relay
10—C2, the circuit being traceable from grounded
battery, through the winding of relay 10—C2,
conductor 1024, front contact and outer lower
armature of relay (1—SL, coiductor 1125, to the
front contact and outermost lower armature of
relay {1—CI(. The operator then sends pulses
representing, first, “figures,” and then the listed
code number of the desired subscriber station.
The listed code number is used in cases where
the oberator desires a direct connection to a sub-
scriber’s station and the unlisted code number of
the desired station is used when the .operator
wishes to connect the called subscriber station in
a conference circuit. The description to imme-
diately follow applies to a direct connection and
therefore the subscriber station number will be -
identified as the listed number.

Receipt of code pulses at the concentrating uni
switching center .

The operator at the central office sends pulses
representing the preliminary signal “figures” fol-
lowed by the two digits of the called subscriber
station listed number. These pulses are received
over the transmission conductor 901 of the trunk
circuit, normally closed tip contacts of jack 938,
conductor 939, normally closed tip contacts of
jack 930, conductor 940, outer lower armature and
front contact of relay 9TR, conductor 934, through
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the No. 3 winding of relay $R, through the arma-
ture and marking, or left-hand, contact of relay
98, to grounded battery 932.° Relay 9R, upon oper-
ating, repeats the incoming pulses over conductor

824, armature and -contact of relay 8G which at -

this time isin its operated, or right-hand, posi-
tion, conductor 81 ; contact and outermost right-
hand armature of relay {!—DC; conductor 1302,

normally closed tip contact of:jack 1601, con-
ductor 1802, to-the upper winding of relay 186G to ‘10

ground., The director-in conjunction. with the se-
quence circuit decodes:the pulses and prepares to
make connection to the required. subscriber. sta-
tion loop, making a test, however,. to determine
. that this subscriber-loop is not. busy, cut of order,
or unassigned. If any.one of the.above conditions
is encountered, characters indicative of the condi-
tion arve impressed on conductor 813 and theresore
repeated by relay 8G and 8Gl, and then by relay
89S of the repeater to the transmission conductor
801 of the trunk and.eventually: appears on the
operator’s . teletypawriter -at. the central: office.
Relay 8GI follows: these: pulses. but relay TR
which is controlled by relay: G has sufficiently
low release characteristics to remain operated.

Receipt of incoming code pulses in the director
' _cirouit

' The incoming code pulses received:over trans-
mission conducter-801 of the trunk circuit are re-
peated by relay 186G which is normally held to its
marking, or right-hand, contact. . The dgistributor
motor (Fig. 15) is running but the receiving con-
tacts 1505 to 1509 -are not operated because the

stop magnet 1501 is-in a released position, latch- '

ing the clutch.
The first character “fisures” consists of a start
pulse which is always spacing followed by the five

selecting pulses; namely, marking, marking, spac-,

ing, marking and marking and these are followed

by the stop.pulse which:is. always marking. ' The

start. pulse operates relay.16G. to its spacing, or
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left-hand, position, thereby closing a circuif ex-

tending from grounded battery, through the wind-
ing of start magnet 1501, conductor 1522; nor-
mally closed start contacts 15§, conductor 1626,
outermost lower armature: and back contact .of
relay. 16LU,. conductor 1625, contact and outer

lower armature of relay 18A2, inner:upper arma--

ture and front contact of relay 16Cl, conductor
1634, armature and spacing contact of relay 168G,
conductor 635, contact and outer upper armature
of relay I TN, conductor {145, and 1637, to ground
at the front contact and.outer lower armature of
rélay 16A, start magnet 1501 operates and there-
fore the cams 1523 to 1529 begin rotating under
the control of the distributing motor. The motor
speed and receiving contacts 1505 to 1508 are ad-
justed so that at the time the first selecting pulse
(marking) of the character is received from relay
186G, contacts 1505 are closed to complete a cir-
cuit extending from point 1536 in the potenti-
ometer comprising resistances 1534 and 1535, con-
ductor 1531, through winding No. 1 of relay 18RI,
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conductor 1538, closed contact 15985, conductor -

1626, outermost lower armature and contact of
relay 16LU, conductor 1625, contact- and outer
lower -armature-of-relay 16A2,; inner upper arma-
ture and contact-of relay 16C,-conductor 1634, to
the armature:-of relay 6G. -If the first selecting
pulse is.marking, relay 15R1-will operate and tock
to its marking, or left-hand, contact. - Similarly,
relay: 15R2 will:be:left either spacing or marking
depending: on the character of the second pulse,

70

75
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The reception .of ‘the “figures™ character: then
proceeds as follows.

Dot : Fan relay
‘element Relay 16G - Register relay operated
| IR Marking...._ _1'(15R1) marking. ... Relay 15D1.
b2 SO do._._ (15R2 marking.. ... Relay 156D2.
3.. . Spacing . .(16R3) spacing. . -
4.0 | Marking__..._] (15R4). marking....._.| Relay 15D4.
5. __.do (15R8) marking_ . __.__ Relay 15D5.

With relays 15RI to {5R5 operated as above,
it. will be. noted that none of the. locking paths
of these relays pass through the winding of relay
153, but. if.any one is operated, in the reverse
direction, relay {5J will be energized. Relay 15J.
will, - therefore, release only when a ‘“figures”
character is received. : The succeeding stop:pulse
which-is. marking, for each character is received
at-a time when. contacts 1510- are.momentarily
closed by cam 1524 and start contacts 15t1 are
momentarily . opened. by cam: 1523, When  start
contacts 451 are. opened, start magnet 1581 re-
leases. A momentary closure of contact 1510 at
the time the stop pulse.is received by relay 16G,
a circuit.is closed from battery 13539, resistances
1549 and 1541, through the lower winding of re-
lay 15R6, conductor 1542, back contact and outer
upper.armature of relay i§A2, conductor 1636,
‘closed contact 1510, conductors 1628 and: 1631,
front contact and outer lower armature of relay
16A,.to. ground and relay 18Rb6 operates to its
marking, or right-hand,:contact, overcoming the
effect of the biasing current flowing in the upper
winding. The charge on timing condenser 1512
causes relay {5R6 to remain in -its marking, or
right-hand, position for .030 second after- the
stop pulse contacts 1510 open, the discharge cir-
cuit extending from ground .at the outer lower
armature and front contact of reldy. {6A, conduc-
tors 1631, 1629 and (543, through the upper.and
lower windings, in series, of relay I5R8 through
conductor 1512 to ground. This allows time for
the operation of relay. ISF in a circuit which is
traceable from grounded battery, through the
winding of relay 15F, armature and contact of
relay 15J, back contact and upper armature of
relay 15K, marking contact and armature of re-
lay 15R86, conductor 1513, back contact and upper
armature of relay 11R, conductor {782, front con-
tact and outer upper armature of relay 16CI to
ground. Relay I5F operates and locks to ground
over conductors 1544 and 1518, to ground at the -
front contact and outer upper armature of relay
16Ci1. "Relay I5F, upon operating, prepares a
path for operating relay 15K when relay 15R6
returns to its spacing, or left-hand, contact. In
this way relay 15K operates and locks to ground
over conductor {518 to ground at the front con-
tact and outer upper armature of relay i16Cl and
transfers the marking contact of relay I15R6 from
the contact and armature of relay {5J to con-
ductor 1722 which is connected for the succeed-
ing counting relay, in preparation for the regis-
tration of the next two digits, that is, the two
digits of the called subscriber station listed hum-
ber, )

The reception of “figures” has therefore set up
a combination of relays 15R1 to (5R5 locking
direct to grounded battery instead of through the
winding of relay 15J thereby releasing relay 15J
and allowing the next two characters to be regis-
tered. ' Therefore, “hits”.on the line are harmiless
until the operator has set a preliminary ‘“figures.”
After the “figures” character has been received,
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“.the following relays are operated: relays (6A,
i6A1, 16C, {6CI, I5Di, I15D2, 15D4, 15D5, 15PF,
15K; relays 186G, I5RI, 15R2, I15R4, I5R5, are in
their respective marking positions; relays 15R3
and I5R6 are in their respective spacing positions.
‘The operation of relays 15DI, 15D2, 15D4, and
18D5 performs no useful function at this time.

Reception and deciphering of the first and second
. digits

The. first digit of the called subscriber’s listed

10

_ number will be repeated by relay 186G, broken up -

pulse by pulse by the distributor contacts and
recorded by relays I5R{ to {5R5 in much the
‘same manner as the “figures” character was re-
ceivéd. Relay 15R!I is operated in accordance
with the position of relay 16G at the middle of
the first pulse, relay {5R2 according to the sec-
ond pulse, etc. In each case the operating, or
No. 1, winding of each of relays I5RI to I5R5
can quickly overcome its associated holding wind-
ings No. 2 or 3, but otherwise these relays hold
in whichever direction they are operated under
control of motor start relay 16Al.

Assume that the listed number of the called
subscriber’s station is No.-12; the operation result-
ing from the reception of No. 1 will be herein
'described first and the order of the received pulses
constituting the character No. 1. are marking,
marking, marking, spacing and marking. In ac-
cordance with the description hereinbefore given,
relay 15RI will be in its marking, or left:hand,
positien, relays 15R2 and 15R3 will also be in their
respective marking, or left-hand, positions, relay
t5R4 will be in its spacing, or right-hand, position
and relay {5R5 will be in its marking, or left-
hand, position: With relay #5RI in its marking
position, & circuit is closed from ground at the
outer lower armature and contact of relay I6A1,
coniductor 1632, armature and marking contact
of relay 15RI, through the winding of relay 15D{
to grounded battery and relay 15DI operates. In
a similar manner relays 15D2, 15D3 and 15D5 are
operated. At the conclusion of the reception of
the code elements of the No. 1 signal, relay {5R6
again operates to its marking, or right-hand, posi-
tion angd is again held for an additional period
of .030 second. Relay I15R4 which is operated to
its spacing, or right-hand, contact in response to
the fourth pulse of the No. 1 digit, closes a circuit
for operating relay 15J but, as hereinbefore stated,
performs no useful function after the “figures”
character has been received. At the conclusion
of the reception of the code elements of the par-
ticular character transmitted, relay 15R6 again
operates to0 its marking position and is again held
for an additional period .6f .030 second. Relay
15R6, in operating, to its marking contact causes
the operation of relay I1L in a cireuit traceable
from grounded battery {101, through the lower
winding of relay (7L, back contact and lower
armature of relay 1TM, conductor 1722, front con-
tact and upper armature of relay 15K, marking,

or right-hand, contact and armature of relay

t6R6, conductor 1518, back contact and upper
armature of relay 1TR, conductor 1782, to ground
at the outer upper armature and front contact of
relay 16CIl.  Relay (1L operates and locks up to
ground furnished by relay (6CI. Relay I5R6
also furnishes ground over the normal contacts
of relays {1TM, IINi, {TR and I6LU to the arma-~
ture of relay 15D5. From the armature of relay
5D5 the grounded circuit is fanned out, by means
of the combination of operated and/or unoper-
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ated fanning-out relays 15D1 to i5D5 to one of
ten conductors designated 0 to 9. Each of the
conductors 0 to 9 is arranged by means of cross-

~connection blocks 1514 and 1515 to operate a re-

lay, such as relay [5H representing the tens group
in which the desired subscriber’s station may be
found, the operating circuit for relay 15H being
traceable from .grounded negative battery,

‘through the winding of the relay, armature and
contact of relay 15K, one of the conductors des--

ignated .0 to 9, for example, say conductor No. 1
which represents the tens group in which the
called subscriber’s station No. 12 is located, front
contact and armature No. 5 of relay 15DI, front
contact and innermost lower armature of relay
15D2, front contact and outer upper armature of
relay 15D3, back contact and outer upper arma-
tume of relay 16D4, front contact and lower arma-
ture of relay 15D5, conductor 1516, back contact
and middle lower armature of relay 16LU, con-
ductor 16017, outer lower armature and back con-
tact of relay I1R, lower armature and back con-
tact of relay 11NI1, back contact and lower arma-
ture of relay ITM, conductor 1722, front contact
and upper armature of relay (5K, marking con-
tact and armature of relay 15R6, conductor (513,
back contact and upper armature of relay 1R,
conductor 1702, to ground at the front contact
and outer upper armature of relay 16Cl. Thus
relay. 15H, upon operating, limits selection of the
desired subscriber’s station to one of those in the
first group of ten stations, in other words, the
operated relay corresponds to the tens group of
the particular called subscriber line. Relay I5H,
upon operating, locks in a circuit traceable from
its lower armature and contact, conductors 1517
and 1518 to ground at the outer upper armature
and front contact of relay 16CI, this locking cir-
cuit also serving to operate and lock relay I5KI-.
Relay 15KI, upon operating, definitely removes
any H relay, such as relay {5H, from its associated
conductor of conductors Nos. 0 to 9. Relay 17L,
upon -operating, prepares a path for the opera-
tion of relay {TM. When relay I15R6 returns to
its spacing contact after .030 second, relay (1M
will operate, close a circuit extending from ground
at the outer upper armature ana front contact
of relay i6CI, conductor 1702, upper armature
and front contact of relay {1M, conductor 1103,
{front contact and inner left~hand armature of
relay 16K, front contact and upper armature of
relay I5H, conductor (518, through the winding
of relay 18HI, to grounded battery. Relay (5HI
is associated with the particular tens group in
which the desired, or called, subscriber line is
found. Relay I5HI, upon operating, connects the
fanning~-out conductor No. 1 of the correspond-
ing conductors Nos. 0 to 9 to the particular tens
group of the called subscriber station. The other
relays corresponding to relay I5Hi and respec-
tively associated with the other tens groups are
prevented from operating during the time that
one of the tens group relay, such as relay I15HI,
is operated. Relay ITM, upon operating, (1)
locks to ground on conductor 1762; (2) opens the
operating paths of relays 17L and (5H and pre-
pares an operating path for relay {TN. Relays
1TL and 15H, however, remain operated over their
locking circuits. After the first digit has been
received the following relays are operated: i6A,
16At, 16C, I6Ci, I15F, |5K, ITL, 11M, 15H, {5KI,
and I5HL. Relay 186G is in its marking position
and relay I15R6 is in its spacing position., Relays
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{6R{ to 15R3 and 15D to 15D5 are operated ac-
cording to the character just received.

The second digit of the called subscriber sta-
tion number, say No. 2, is received, registered
and made to operate the fanning-out relays in
a distinctive combination in the same manner as
the combination for the first digit. The order of

the received pulses constituting “the character -

No. 2 is marking, marking, spacing, spacing and
marking. The fanning-out relays {5D{, {5D2 and
{5D5 operate in accordance with the combination
set up on the registering relays 15Ri to I5RS.
Relay I5R6 operates to its marking position, while
start magnet 1501 is operated and thereby causes
the operation of relay 17N, the eircuit being trace-

0

18,

able from grounded -battery; through the wind- -

ing of relay’ 1TN, front contact #nd lower arma-
ture of relay ITM, conductor 1122, front contact
and upper armature of relay 15K, marking con-
tact and armature of relay i5R6, conductor 1513,
back ‘contact and upper armature of relay {TR,
to grounded conductor 1702.
operating, (1) opens the circuit of the spacing
contact’ of relay 168G to prevent any additional

incoming pulses from being registered; (2) locks

to ground on conductor 1702; (3) opens the oper-
ating path of relays {TM and {5H1 and prepares
a'path for the operation of relay 1TNI. When
relay [5R§ returns to its spacing, or left-hand,

position, it causes the operation of relay 1TNI,
Relay 1TNI, upon operating, closes & path €x-
tending from grounded battery, through the
windings, in series, of out-of-order relay {1T—OO
and busy relay 1TBY, front contact and lower

armature of relay 1TN{, back contact and outer-

lower armature of rélay {TR, conductor (607,
middle lower armature and back contact of relay
161U, conductor 1§16, lower armature and con-
tact of relay 15D3S, outer upper armature and
bhack contact of relay 15D4, outer upper armature
and back contact of relay {5D3, outermost upper
armature and front contact of relay 15D2, No. 8
armature and contact of relay 15D{, to conduc-
tor No. 2 of the econductors Nos. 0 to 9, armature
No. 2 and contact of relay {5HI which remains
operated in its locking circuif, conductor 1545,
normally closed contacts at the ring spring of
jack 207, conductor 211, inner upper armature
and back contact of relay 4C, conductor 253,
through the winding of “hold” magnet 2H2, to
grounded battery.
sponds to the line extending to ¢alled subscriber
station 102, the call number of which is assumed
to be No. 12. Also, relay (TNI, upon operating,

closes at its upper armature and contacts the !

operating circuit of slow-acting relay {TN2 which
operates. It will be noted that as usual the reg-
istration relays i5RI to {6R5 remain locked in
the direction in which they were last operated. -

Testing the called subscriber line

The connection of battery, through relays
{1—00 and I1BY-to the particular called sub-
seriber line enables these two relays to determine
if conductor 253 to the hold magnet of the called
subscriber line is terminated in a ditect ground,
which causes the operation of both relays T—QO
and {TBY,; or in a high resistance out-of-order
ground which may be connected to the ring spring
of an out-of-order jack patched to a jack, say
jack 208, of the called subscriber line, which re-
sults in the operation of relay {7—OO only. In
case no ground-is available neither of the relays
1T—O00 and {1BY operate, This test takes place
during the slow-operating time of relay 11N2,

Relay TN, upon

“Hold” magnet 2H2 corre«
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which, as indicated above, begins to operate when
relay 1TN1 operates.  As soon as relay 1TN2 oper-
ates, the off-normal ground on the front contact
and outer upper armature of relay (6C1 is con-

- nected in a circuit extending over conductor 702,

armature and front contact of relay iTN2 to the
armature of relay 17—O0O. Assume that the
called subscriber line is idle in which case ground
is not connected to conductor 253, relay 1T—OO
will be unoperated and ground connected to its
armature by the operation of relay (TN2 will
cause the operation of relay {TR. Relay IR,
upon operating, (1) removes relays 17T—OO and
1TBY from conductor 253 of the called subscriber
line and replaces them by relay I18; (2) causes -
the release of relay ITN{ by removing ground,
the ground being furnished over conductor 1702 -
which is connected to its upper armature; (3)
prepares an operating circuit for relay {7U; and
(4) locks to grounded conductor 1702. Relay
{IN't, upon releasing, causes relay 1TN2 to slowly
release. During the time that relays {TN! and
{TN?2 are releasing, ground at the outer right-
hand armature and contact of relay 14D is con-
nected to & circuit extending through resistance
1401, conductors {402 and 1305, outer left-hand
armature and contact of relay {5KI, conductor
521, through the winding of relay 118, front con-
tact and outer lower armature of relay {TR,
conductor 1607, middle lower armature and con-
tact of relay (61U, conductor {516, lower arma-
ture and contact of relay (8DS5, outer upper arm-
ature and back contact of relay {5D4, outer upper
armature and back contact of relay |5D3 outer-
most upper armature and front contact of relay
i5D2, No. 3 armature and front contact of relay
{5Di to conductor No, 2 of conductors Nos. 0 to
9, and as hereinbefore traced over conductor 253,
through the winding of “hold” magnet 2H2 to
grounded battery. - Under the assumed condition
of the called subscriber line being idle, grounded
battery on the winding of “hold” magnet 2H2 of
the cross bar switch in the link circuit permits re-
lay 118 to operate but due to the high resistance
of the cirecuit the “hold” magnet 2H2 remains
unoperated. Relay {18, upon operating, opens
the operating circuit of relay-17U, and closes
an operating circuit for relay t7S{ which oper-
ates in a circuit traceable over the armature and
Relay (T1S1, upon
operating, locks over grounded conductor 1702;
(2) short-circ¢uits the winding of relay 118 and
(3) holds open the operating circuit for relay
{TU. With the winding of relay 11S short-circuit-
ed the ground at the outer right-hand armature
and contact of relay (4D which is connected to
the circuit, hereinbefore traced, is now effective
to cause the operation of hold magnet 2H2 which .
operates to move its vertical row of contact sets
into engagement with their respectively associ-
ated sets of horizontal conductors, the set of hori-
zontal conductors associated with the selected
trunk 801 having already been moved into its

“operated position by the operation of selecting

magnet 2SM—2, the called subscriber line will,
therefore, be connected at contact set 285 to the
trunk circuit 801 which will function to rélease
the sequence circuit. The sequence circuit in
turn will function to remove the ground from
conductor 1304 to release relay 16A. Relay 16A,
upon releasing, removes ground from the various
parts of the circuit including relays 16C and
16C1, and releasing relay 16Afl unless conductor
1608 is connected to ground at relay (3T4, indi-
cating that another inward call is awaiting com-
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locking ground from a considerable part of -the
director circuit. If relay I16A1 releases, the motor
-~ will be stopped and-all remaining parts of the
circuit will be deenergized. If, however, relay
I6AI is held operated, the motor is kept running
and relays 15R1 to 15R5 and the associated fan-
ning-out relays 15D1 to 15D5 are locked in the
condition at.which they were operated by the last
digit of the called subscriber line number. When
the next call comes in the operation will be as
described above, except as follows: Relay 16B
now operates immediately since the motor is run-
ning at full speed and relays 16C and 16Ci fol-
low in operating at once, upon receiving a clo-
sure of the “stop” pulse:contact 1510 of the start-
stop distributor. Before the stop pulse is re-
ceived relays {6Ri to I15R5 may be operated: to
spacing through the back contacts of relay 16C,

but in any case the. circuit awaits to receive

“figures” before proceeding with the call. -

If the inward call is to a busy called subscriber
line or an out-of-order line, the operation of the
call is exactly the same as hereinbefore described
up to the point where the operation of relay 16N1
connects relays I11—00O .and 1TBY to conductor
283 of the called subscriber line circuit. At this
time, however, conductor 253 terminates in -di-
rect ground. (busy) or ground connected through
a resistance to the ring spring of the out-of-order
jack which is patched to a jack of the called sub-
scriber line, the jack corresponding to jack 208
of subscriber line circuit 202. - The direct ground
established by a busy condition may be traced
over conductor. 1545, normally closed contacts at
the ring spring of jack 207, conductor 211, upper
armatures and their respective contacts of relay

"4C, conductor 405, sleeve contacts of the operated

set 255, conductors 256, 257, and 820, through the
winding- of low resistance sleeve relay 8SL, con-
ductor -821, to ground at the innermost upper
armature and contact of relay H—ON. In either
case- of ‘busy condition, relay 11—O0O quickly

operates but relay 1 TBY is marginal and operates’
Relay. 1T—0O0, 'upon-

only on direct  ground.
operating, prevents relay 1 TR from operating and,
therefore, relay ‘{TNI remains operated keeping
relays 1T—0OO and 11BY connected to conductor
405. Relay 1T—OO, therefore, remains operated
along with relays TN, {IN1 and 1TN2 and also
operates relay {6N3. Relay 16N3, upon operat-

ing, (1) applies-at its upper armature and con-

tact ground to start the production of “K” or “Q”
characters by relays I6P and 6P{ as hereinafter
described, (2) connects the contacts of relay 16Pi
to the outward transmission path, the connection
being established over its outer lower armature
and front contact and extending over conductor
1303. Relays 16P and (6Pl operate in a econ-

denser timed circuit to generate “K” and “Q”"

signals as follows: When the ground is applied

to one end of the potentiometer. comprising re--

sistances 1704, (609-and 1610, relay (6P will oper-
ate to its spacing, or left-hand, contact due to
current flowing in its upper winding. When the
armature of relay I16P is in'its left-hand position,
the current in the upper winding of the relay is
reversed but-the discharging of ‘condenser 1644,
through the lower winding of the relay holds the
relay to its spacing, or left-hand, contact until

the discharge current is so reduced that the up- -

per winding of the relay regains control and oper-
ates the armature to its marking, or right-hand,

contact. Here the process is repeated, the upper.

winding of relay. 16P tending to make the relay
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pletion. - Relay- 16CI, upon :releasing, removes

armature return to its: spacing contact while
condenser 1644, in charging, holds it to its mark-
ing, or right-hand, contact until their effect is
overcome.. The condenser and potentiometer re-

- sistances are so proportioned that relay I6P will

pulse at-about 9 cycles per second if resistance
1809 is in the circuit or 11 cycles per second if
resistance 1609 is short-circuited. As. will. be
seen hereinafter, if. the line were busy, relay’
{TBY, upon operating, would cause “K” sighals
to be sent; if out of order the relay ITBY is re-
leased and “Q” signals will be sent.

When ground is connected by relay 16N3, relay
I8P will operate to its marking, or left-hand,
contact, due to current in its upper winding.
This maintains a marking signal over the out-
ward transmission path which is hereinbefore:
traced as extending through the upper windings,
in -series, of relays:- 8G -and 8GI, respectively.
However, when relay 16P opens its marking, or
right-hand, contacts condenser 1615 will charge
through the lower winding of relay 16PI to cause
relay 16P1 to leave its marking; or left-hand, con-
tact for one pulse length (approximately .022
second), the charging  originating in grounded
battery 1709 and extending through resistances
{110 and 1711 -and over conductor 1116. Relay
16P1 then returns to its marking, or left-hand,
contact and after relay 16P operates to its mark- -
ing, or right-hand, contact, condenser 1615 is dis-
charged through resistance 1616. Since relay
I6P. is pulsing continuously, relay 16P{ will send
out ‘a spacing pulse of .022 second every time
relay 16P opens its.marking, or right-hand, con-
tact. In this way relay 18P drives relay (6Pl
at either 9 or 11 cycles per second, sending “K”
signals if .the line is busy and “Q” signals if the
line is out of order. These characters are trans-
mitted over the line and printed on the oper-
ator’s teletypewriter at the distant central office
for a time interval of one second. The timing
arrangement will be described hereinafter.

Connection to unassigned or impossible number

If an unassigned number or non-numerical code
is received and registered, the circuit functions
as described hereinbefore. When, however, relay
1718 is connected to the circuit extending over
conductoi 1521, outer left armature and contact
of relay 15K, conductors 1305 and 1303 as here-
inbefore traced when testing a particular called
subscriber ‘line for an idle condition, grounded
battery ‘on the winding of hold magnet, such as
hold magnet 2HI, for a subscriber line station
101 is not available and relay (1S fails to operate.
When, therefore, relay {TN2 releases, off-normal -
ground will be connected to the winding of relay
ITU causing relay {TU to operate. Relay (1T,
upon operating, closes at its inner lower armature
and front contact an operating circuit for relay
18N3, causing ground through the operation of
relay 16N3 to be connected to relays I8P and
16P{ and associated apparatus as hereinbefore
described, and disconnects resistance 1713 which
was - in parallel connection with resistance 1714.
Resistance 1704 is in the circuit inhasmuch as its
shunt around. the outer lower armature and con--
tact of relay 17U has been opened. Under these
conditions relay I6P operates at approximately 6
cycles per second. “When relay (6P operates to
its spacing, or left-hand, position,; relay (6Pf is
operated- to its spacing, or right-hand, position
for two pulse lengths, that is, 0.044 second, by a
charging condenser 1615. Relay 6P upon re-
turning- to its marking, or left-hand, position,
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rremains:in that-position until-relay 46P:again
~operates-toits: spacing,zor deff=hand, nposition.
“Thus,a ““V’:or ‘3 character: issgeneratedzand
s transmitted to the:operator’s teletypewmtere at
the:sdistant:central-office. .

- When:the director circuit times out

When.the .director circuit- was:first. seized: the
operation-of relay 16A removed at the outer lower
.armature:and.back contact of the relay-a.ground
-connection . from. the grid. of .vacuum.tube..1641T
thereby:permitting condenser 1648 to start charg-
ing from.grounded battery 1619, through resist-
.ances 1620, 1621.and 1622, If.a call.is:not.com-

pleted.and the. director circuit.dismissed: within ; 15 E
a_ten-second, period.the .charge -on .condenser:

1648 and thus.the voltage.on the grid.of vacuum
.tube 1617 is-of: such:value that the-plate current
operates relay. 16T which, in turn,.operates relay
{8TI.

_tact .of No. 5 armature to..ifs.front. contact.of
No.-4 .armature so.that.the.transmission. con-

&

.Relay. 161, upon operating, (1). fransfers
transmission..conductor 1603 from its.back con- '

»in. accordancewith: the; pitlses.combination ~re-
ceived :from:thesdistant: central ~office:.for:the
establishment - of~conneetions to: the: local. sub-

-~seriber:station;dines,: the following-table:shows
the: relative:positions:ofi-each:of - the: relays:for
.each-charactereceived. " M’ indicates-marking;
“5:indicates spacing.

:*Character; |'Character, [ Relay [“Relay |'Relay | Relay | Relay
110 -+lowersrase - uppericase | /15R1 | =15R2" | :I5R3; |::15R4 | 1S5RS
_i.| Rigures_..) ~M M 8 | TM s M
L O S .1 M M 8 M
M| M MO} 8 ) oM
‘M =M 78 -8 M
M S . S 8 s
g8 | oM 8 M ;8
3 =8 3] S - M
M "8 M 3 M
M M ~ M 8 °8
=8 M| oM S S
s .1 '8 S - M M

.CALL- ORIGINATING AT.THE.CENTRAL. OFFICE-TO- A
: ~SUBSCRIBER-STATIONARRANGED .ON A>NON-CON-
- FERENCE:BASIS

ductor. is.now.connected to. the.marking, ox right- -

hand, contact of relay 16P, instead of to the mark-
.ing, orleft-hand, contact of relay 16P1; X2). oper-
_ates relay §6N3;. and (3). removes the shunt from
resistances. 1689 _and 16i1. . Relay. 16P. with .the
resistance change.in its upper.winding operating
_circuit,. pulses .at .approximately an. eight-cycle..
rate, the charge.and .discharge of coridenser {614
holding the armature of relay 18P on its marking,
__or right-hand, contact .0.132: second..and. on. its
- spacing or left-hand contact:0.110 second. “Thus
‘the: signal.generated by relay I6P has a spating .
_period equivalent to a start pulse and four, char-
acter. pulses ard.a ““T”’.or “5”. character is.gen-
eratéd arid sent to ‘the operator’s.teletypewriter
at the distant central- office” for a_ period of one
second. .
" Signal limiting feature

-Busy;-or. out=of=order; unassigned~and director
timed~out signals-are-all-limited -to.one second
-as:mentioned above., The.operation-is asfollows:

“to.arwinding -of relay:-16TA-which:operates:and
-locks. to ground.on: a.contact of relay {6TB. -Re-
Jlay. -|6TA; upon -operating, (1)..operates..a.relay
14 6TB -which.locks: directly-to. ground at.the inner
.lower .armature -and .contact .of relay.-16N3;.and
(2) connects.at its.middle .upper. spring.member
.which.is. normally. open,.a,_ground connection. to
the. grid of vacuum tube 18!7 to recycle the vac-~
uum:tube.in case relay 46Tl has operated. ‘Relay
18TB,. upon. operating, (1) .opens.the operating
and. locking circuits of relay T8TA, (2). removes
‘resistance 1622 from the charging circuit of con-
denser 1618; and (3) transfers the armature and
contact. of relay 16T from ‘the winding of relay

“{6'T1 to the contact at the outer lower armature

of relay 18TA. “Relay 18TA; upon relegsing; com-
pletes a circuit-extending over the contacts and
‘outer lower-armature of relay 18TA, coriductors
< {623 and 1624 -innermost left-hand armature and

winding of relay 13B® to grounded battery. <At
approximately one second relay 18T operates con-
necting ground to-grounded battery throughithe
left-hand - winding ~of-relay 13B0. “Relay:13BJ,
‘1pon-operating;locks the trunk:out-until released
- at 4the distant central tffice and immediately-re-
-leases ‘the'director-cireuit-to-restore-gll-relays to
normal.
“FWith: reference-to the registering relays:15R{
.10 15R5 being:operated: in’different combinations

el
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“Hereinbhefore  was "described a connectlon to

0 subscriber station  No.. 12 which is shown herein
as a station arranged on a conferencé basis.” Now
-it-is: assumed ‘that a:connection is desired-with
a station arranged on a non-conference bhasis, say
_station 108!, the. listed-number of which is-as-
.sumed to.be"No. 11. A-call’ for station-No."11
1ncom1ng from the central office: will-be received
- by the register relay:in accordance with the com-
binations- of . spacmg arid-marking pulses-corre-
5 ~sponding- to-No. 11. " The*first-and second digits
. gqre .alike. “Therefore, register relays - 15RI1 to
{5R5 will be operated-in the same combination for

~each-digit, that is; they will-be respectively-op-
-erated ~to “their - marking, marking, ~marking,

23

.40 Spacing and -marking -positions-and-accordingly

~fanning=out-relays 15D ,:45D2,15D3 and:15D5
-Will be operated. “After the pulses of ‘the second
~digit: are-reeeived; grourided- conductor: # 516+ will
-pe-extended by the fanning-out relays over a path

. a5+Wwhich may-be tracéd-over theé lower:armature and
When relay- 16N3. .operates,; ground-is.-.connecfed 45w v

contact:6f relay 15D5, outer upper armature and
~back contact 6f relay 524, outer-upper-armature
rand front contact df relay 15D3, innermost lower
armature.and front-contact-of relay 15D2,-No; 5

- 50 armature and front-contact:of relay 45D, to con-

~duetor:No.- 1. :Inasmuch: as:subscriber: line:‘sta-
stion, the:listed: call-number .of+which-is 11; is-in
-the.same group with thestation-having the listed
~eall number12; relays # 55 -and. 45HI will-become
55 -operated:to-extend conductor No- 1.0f conductors
+Nos:0t0-9 over conductor: 1546, normally. closed
contacts-at.the ring spring-of a jack correspond-
~ing$o-jack 207-0f subscriber line circuit 202; con-
sductors 218 ;and : 252 through the ~winding. -of
60 ““hold™ magnet. 2HI, to:grounded battery. : Hold
-magnet -2H{ -operates: to: move-the -connector
-switeh' vertieal :individual- -to--subscriber -station

+§ 0 k4o which the:listed No. 11:is-assigned so.that

: the contact set, such as-set: 288, may-bemoved.into

- contact - of -relay 13DC, ~“through -‘the -left=hand 65 engagement with the trunk selected by the-oper-

ator at the distant central office.

= ‘ING.OM'ING .CALL: FOR::THE. ESTABLISHMENT. OF . A
CONFERENCE CIRCUIT CONNECTION

iThe: operator-at: the-central office -desiring to -
-set:upia: conferenece: circuit -in -the concentrating
-unit-switching: center uses: a..trunk extending. to
-the-switching center:and:in the.normal way types
the:special:number-.assigned..to. the. -conference.

+73 ;qf 1 £he: conference: circuit -is..in ruse: or, -if -some
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patehing cord circuits still remain in any of the
subscriber conference branches, the director cir-
cuit at the switching center will report the con-
ference circuit busy. If jack 601 of the trunk
conference branch is patched to subscriber busy
‘or subscriber out-of-order jacks the director cir-
cuit will so inform the operator. If the confer-
ence circuit is idle, the link circuit will be ordered
to connect it to the trunk which, for purpocses of
identification, is ecalled herein the conference
trunk. By calling for the special number as-
signed {o the conference circuit, the director cir-
cuit operates as hereinbefore described to direct
the fanning-out relays 15DI to {5D5 to operate
in combinations corresponding to the pulse com-~
binations of the two digits. The conference cir-
cuit is' in a group with some of the subscriber
lines and, therefore, the relays of the particular
group, such as relays 15H and I5HI, are operated
to extend grounded conductor 1516 over one of
the conductors of conductors Nos. 0 to 9 to con-
ductor {547 terminated on a separate cross-con-
necting block 1548, inner lower armature and
back contact of relay AL, conductor §05, nor-

mally closed contacts at the ring spring of jack 2

601, conductor 606, through the winding of “hold”
magnet 2HC to grounded battery. The selecting
magnet 28M—2 having been operated in re-
sponse to the selection of the trunk by the op-
erator, the operation of “hold” magnet 2HC at
this time connects conductors 608, 607 and 606
through to the tip, ring and sleeve conductors,
respectively, of the selected trunk, say for pur-
pose of illustration, trunk 80f. The connection
of the trunk is made at contact set 268.. The
ring conductor 822 of trunk 80f is connected over
the operated contact set 268 and the middle
armature of “hold” magnet 2HC to conductor
607 which is part of & circuit traceable over the
normally closed contacts at the spring of -jack
609, conductor 610, through the winding of relay
6R I, conductor 612, resistance 613, conductors
614 and 501, to grounded battery 592. Ground

is connected to the upper winding of relay 8SP at,;

the other end of the circuit just traced and,
therefore, relay 6RI operates to close an obvious
operating circuit .for relay 6—ON. Relay 6R{
operates in series with relay 8SP of the confer-

ence trunk, say trunk 801, but the high resistance:
of the path prevents the operation of relay 8SP.

Off-normal relay 6—ON, uponh operating, turns
power on the conference circuit branches and the
conference control circuit and at the same time
causes all unlisted numbers to cease testing un-
assigned. With power on in the conference
branches, a mark signal is prepared for trans-
mission to the conference trunk when the tip
conductor 266 of conference trunk 80{ is closed
through, but for the time being only a space
signal is received by the conference trunk, which
acts as if an ordinary called subscriber has not
answered. In automatic ringing offices, ringing
is sent out by the conference trunk but reaches
nowhere. ‘

Operator reaches a subscriber station by using the
unlisted conference number of the desired sub-
seriber station

In order to reach a subscriber station the line
of which has been equipped for automatic con-
nection to a conference for the specific purpose
of alternately connecting the desired subscriber
line to a subscriber conference hranch, the op-
erator must call over another trunk, referred.to
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herein as an “order” trunk, typing the unlisted
conference number -associated with the desired
subscriber line. If the desired subscriber line is
busy or out of order because of cord circuit
patches into jack 407 of the access circuit as-
sociated with the desired subscriber line, the di-
rector circuit will so inform the operator. If the
desired subscriber line is idle, the director will
place a resistance ground on a conductor of con~
ductors Nos. 0 to 9, such conductor being that
terminating at cross-connecting block 1548 and
assumed herein to correspond to the desired sub-
scriber line. The resistance ground is found in
a circuit traceable from ground at the outer
right-hand armature and contact of relay (4D,
resistance 1481, conductors 1462 and 1305, con-
tact and outer left-hand armature of relay 15K,
conductor 1521, through the winding of relay
113, front contact and outer lower armature of
relay 1TR, conductor {607, middle lower armature
and contact of relay {6LU, conductor 1516,
through the path established by a combination
of operated fanning-out relays {5D1 to 15D5 in
accordance with the directing pulses for the un- .
listed conference number of the desired sub-
scriber line, a particular conductor of conductors
Nos. 0 to 9 and cross-connected to conductor
1549, normally closed contacts at jack 407, outer-
most, lower armature and back contact of relay
4C, outer lower armature and back contact of
relay 4A, through the winding and the make-
before-break contacts of relay 4B, conductors
408 and 409, outermost lower armature and back
contact of relay BST, contact and outer upper

5 armature of relay 5V, conductor 514, through the

middle upper armature. and contact of relay
6—ON to grounded battery. Relay 4B operates
and locks up in its own operating circuit except-
ing' for the outer lower armature and back con-
tact of relay 4A. Relay 4B, upon operating, closes
at its outermost lower armature and contact an
obvious operating circuit for relay 4B{ which op-
erates. Relay 4BI, upon operating, (1) splits the
subscriber ring conductor 683 at its outermost
upper armature to bring both ends of the con-
ductor into the control circiiit shown in Figs. 5
and 6; (2) extends the subscriber “tip” conductor
402 over the contacts and No. 4 armature of
relay 4Bl, over conductor 418, resistance 503,
through the winding of relay 5T to ground at the
upper armature and contact of relay: 5H; (3)
connects other control conductors from the access
circuit to the conference control circuit shown in
Fig. 5; (4) closes at its No. 6 armature and con-
tactacircuit traceable over conductor 41 {,through
the winding of relay 5ST, conductors 504 and 513,
innermost upper armature and contact of relay
6—ON to grounded battery; (5) closes at its No.
8 armature and contact a circuit traceable from
ground at the inner lower armature and back
contact of relay 4A, contact and No. 8 armature
of relay 4Bl, innermost lower armature and front
contact of relay 4B, conductors 412 and 413,
through the winding of relay 5D, conductor 504,
contact-and lower armature of relay 5V, conduc-
tor 513 to grounded battery at the innermost. up-
per armature and contact of relay 6—ON;. (6)
prepares at its No. 6 armature and contact a lock-
ing circuit for relay 5G. Relays 58T and D
operate. Relay 5ST, upon operating, (1) causes
all other unlisted conference numbers to again
test “unassigned”’; (2) removes at its middle lower
armature and back contact the ground from the
grid element of vacuum tube 505 and at its front
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contact -and middle lower armature closes a cir-
. cuit for energizing the filament of vacuum tube
505; (3) closes at its innermost lower armature
and contact -a circuit. extending -from ground,
conductor 506, normally closed contacts of key
101, conductor 702, lower armature and-back
contact of relay TSLI, conductor 783, through
the winding' of selecting magnet 1SMI - to
grounded pattery, and selecting magnet TSMI
operates to prepare the first, or uppermost, idle
level of the conference connector switch. Relay
5D, upon operating, connects a resistance ground
to the-called subscriber line “hold” magnet, say
magnet 2H2, the operating circuit being trace-
able from ground. at the inner lower armature
and back contact of relay BE, armature and back
contact of relay 5F, resistance 507, armature and
contact of relay 5D, conductor 508, No. 3 armé-
ture and contact. of relay 4Bl (assuming that
subscriber station 102 is the first subscriber sta-
tion desired in the conference), conductors 214
and (545, normally  closed contacts associated
with the ring spring of jack 281, conductor 21{,
inner upper armature and contact of relay 4C,
conductor 253, through the winding  of “hold”
magnet 2H2 to grounded battery. “I—Iold” ‘mag-
riet 2H2, upon operating, closes at its inrler left
armature and contact a' circuit traceable from
ground, conductor 269, through the winding of
relay 4A to grounded battery, and relay 4A op-
erates. ” “Hold” magnet” 2H2, upon operating,
locks over its sleeve conductor to  the “order”
trunk and connects ‘the ring- eonductor” of  the
“01der” trunk to the conference control circuit.
The locking circuit may be traceable from

grounded .battery, through the winding of “hold”

magnet 2H2, conductor 283, contact and outer
upper almatule of relay 4C, conductor 405, sleeve
conductor 254, sleeve contact of the operated set,
say set 255, sleeve conductors 256 and 287 (as-
suming that the trunk. shown in Figs. 8§ and.9'is
algo. the order trunk although in actual practice
the order trunk mist be different. from the con-
ferénce ‘trunk), The ring conductor of the
“grder” trunk, say conductor 822, is connected
over conductor 258 through the ring contact of
operated set 255, conductor 258, outer left-hand
armature and front contact.of “hold” ’magnet

2H2, conductor 403, front contact and armature.

No. 2 of relay 4B1, conductor 415, resistance 509
and front contact out of engagement Wlth the
upper armature of relay 5SP2 of the conference
control circuit.
connects the desired subscriber line tip conductor
t6 the tip conductor of the “order” trunk;
causes at its outer lower armature and back con-
tact the release of relay 5D of the control circuit;
and (3) while at the same armature. supplies a-

locking ground for relay 4B while it keeps a busy.

condition on the unlisted conference number. as-
sociated with the called subscriber station.

The- “order” trunk proceeds to discharge the
director circuit and if so arranged begins o ring
the called subscriber line; ctherwise the operator

‘may manually ring the subscriber station. Mark-
ing potentials supplied by the “order™ trunk op-
_erate relay 5T which, upon operating, connects:
ground at the. outermost upper: armature and.
contact of relay 8—ON to the. grid element of
vacuum tube 505 thereby preventing. the tube
from acting. At this stage on the call, the de-
sired subscriber- line remains connected to the
“order” trunk solely because the trunk holds the.
subscriber station “hold” maghet operated. ‘The:

Relay 4A, upon operating, (1.

2.
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line can, therefore, be disconnected at the pleas-
ure of the originating operator atthe distant cen-
tral office. If, therefore, the subscriber does not
answer, the operator can withdraw from the “or-
der” trunk which-in turn will cause the trunk to
release the “hold’” magnet. The “hold” magnet,
in turn, releases relay 4A which, in turn, releases
relays 4B, 4Bl, 5T and 58T and returns the cir-
cuit to normal.

= 'The conference subscrzber answers

When the conference subscriber answers,
grounded battery on the ring conductor operates
relay 5SPC ¢f the control circuit, which in turn
operates relay 5SP2. Relay 5SP2; upon operating,
greatly reduces the bias current in winding No. 1
of relay 5SPC; connects grounded battery to the
ring conductor of the “order” trunk operating
relay 8SP in ‘the order-trunk; and prepares an
operating path for the “hold” magnet, say mag-
net TH2, associated -with- the desired subscriber
line in the ‘conference cohnector cross bar switch,
the -operating path being prepared at the inner
lower armature and contact of relay 5SP2.- Relay
8SP in the “order” trunk causes the trunk cir-
cuit to enter the transmission stage, and the op-
erator communicates with the subscriber:

C'onference subscriber refuses to accept confer-
ence call

If the conference subscriber, -after ahswering,
refuses to accept the conference call, relay 5SPC
of the conference control circuit releases as soon
as the subscriber disconnects. The release of re-
12y 8SPC releases relay 5SP2 which, upon releas-
ing, disconnects at its upper armature and front
contact grounded battery 562 from conductor 415
Wwhich is connected over armature No, 3 and con-
tact of relay 4Bl to the ring-conductor of the
calling trink thereby releasing relay 8SP of the
calling trunk and registering a subscriber discon-
nect which is transmitted to the operator at the
distant central office. ' When the disconnect sig-
nal is registered at the operator’s switchboard at
the central office, the operator withdraws the

‘calling cord circuit from the “order” trunk, which

ﬁpally results in the release of the subscriber sta-~
tion hold magnet 2H2, causing in turn the re-.

lease of relays 4A, 4B, 4BI 5ST and 5T thereby

returmng to normal the subscnber appliqué cir-
cuit'for subscnber station 202 and the conference
control circuit. -

Transfer of a conferenc-e subscriber statwn to an
.idle conference subscriber branch

-~ If the conference subscriber accepts the confer-
erice call-the operator at the distant central office
sends 'a two-second break signal. Transmission
of“tHe break 51gna1 to the subscriber station
causes the release ‘of relay 9T which, upon re-
leasmg, Temoves ground from the grid element of
vacuum tube-505. -After approximately 1.5 sec-

_onds having -elapsed, the plate current is suffi-

cient - to operate relay 5T2 which, upon operating,
causes -in-succession the: operation of relays SE
and- 5F. - Relay 5E; upon ‘operating, operates
6SP3 which locks under control of relay 58T and
closes the tip conductor of the conference trunk
to:the trunk conference branch and at the same
time increases the potentials ‘on the ring con-
ductor of the conference trunk causing this trunk
to act as if a" subscriber had answered. This
“trip” is advanced to trip the ringing in the auto-
matic ringing offices 'so as to prevent the first
- conference subscnber station receiving a rem-
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nant of the automatic ringing. - Relay 6SP3 also
supplies ground. to the conductors respectively
extending to the subscriber station cenferenc
branches. ) :
At the conclusion of the break signal sent by
the operator at the distant central office, relay
5T again connects ground to the grid element of
vacuum tube 585 thereby causing the release of
relays 5T2 and 5E. Relay S5F being of the slow-
releasing type, remains operated until relay 5E is
completely reléased, at which time ground is con-
nected at the inner lower armature and back con-
tact of relay 8E to a circuit traceable over the
armature and front contact of relay 5F, through
the winding of relay 5G, lower armature and con-
taect of relay 5V, conductor 505, innermost arma-
ture and front contact of relay 6—ON to ground.
ed. battery. :Relay 5G operates and locks under
the control of armature No. 6 and contact of re-
lay 4Bl. When finally relay 5F releases a re-
sistance ground is connected in the circuit trace-
able from ground. at.the inner lower armature
and back contact of relay 5E, armature and back
contact of relay 5F, resistance 507, conductor 510,

contact and upper armature of relay 652, conduc- 2;

tor 611, lower armature and contact of relay 5G,
© inner lower armature and front contact of relay
5SP2, conductor 511, No. 5 armature and contact
of relay 4Bf, conductor 416, through the winding
of “hold” magnet TH2 to grounded battery.
“Hold” magnet TH2 is. associated with the first
called conference subscriber station in the con-
ference connector switch. This path for operat-
ing hold magnet TH2 remains:open until the con-
ference. trunk. has sent a mark signal long

20

i

30

endugh to release relay €S2 thereby insuring the

operation of relay 5U, and precluding the: possi-
bility of ringing being sent to the first subscriber
station to be added to. the conference circuit.
“Hold” magnet TH2 operates and: locks in series.

40

with relay TSL. of the first idle level on the con- .

ference connector switich, the first, or uppermost,
idle level of the switch and relay 1SL being asso-
ciated with the first subsecriber station conference
branch. The locking circuit of “hold” magnet:

TH2 may be fraced from: ground at armature No: "

7 of relay 6SP8, conductor 615, threugh the wind-
ing of relay 1SL, conductors: 105 and 7136, sleeve
contact of operated set 726, conductor 1721,
through the winding of “hold” magnet TH2, to
grounded battery. The selecting magnet TSM~—F
of the connector switch level associated. with the
first subscriber station conference branch has al-
ready been operated in- a cireuit traceable: fromr
ground at the innermost lower armature and con-
tact of relay $ST, conductor 508, normally closed
contacts. of key 101, conductor 702, lower arma-
ture and back contact of relay TSLI, conducter
103, through the winding of selecting magnet
18SM—I. to grounded battery 133. Relay 1SL. of
the first subscriber station conference branch op-.
erates but does not. as yet operate relay 1SLI
though it lights busy lamp 701 in an obvious op~
" erating circuit extending over conductor 108 to
ground at the middle lower armature and. contact
of relay 6—ON, busy lamp 107 being associated:
with the  first. subscriber station conference
branch., Also-“hold” magnet 'TH2, upon operat-
ing, disconnects. the subscriber station tip and.
ring conductors and: connects them respectively
to the corresponding: eonductors in. the subscriber
station conference branch associated with: the:
seized level of the conference: circuit connector
switch. In other words the tip. conductor: 208
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station. are connected over the upper armatures
and: front contacts of hold: magnet TH2, conduc-
tors 128 and 129, tip and ring eontacts of operated
set- 126 to conductors 130 and 131, respectively,
conductor 730 being cchnected in a path extend-
ing over conductor 109, through the upper wind-
ing of polarized relay TRI, retardation coil 710,
armature and marking, or left-hand, contact of
polarized relay 1S1 to grounded positive battery,
and conductor 13f being connected in a path ex-
tending over conductor T!{, through the Nes. 3
and 2 windings, in series, of polarized relay TSP,
to ground. The first subscriber station confer-
ence branch sends from the left~hand confact
of relay 1S1, a marking signal to the subsecriber
station and which new forms a complete circuit
including the windings Nos. 3 and 2, in series, of
relay TSP and relay ISP operates. Relay TSP,
upon operating, closes an. operating circuit for
relay 1SPI, the circuit being traceable from
ground at the armature and contact of relay
1SP, through the winding of relay TSP!, conduc-
tor T12 to grounded battery at the outermost
lewer armature and contact of relay 6—ON. Re- -
lay 1SPI, upon operating, removes ground con-
nected to.the tip conductor of the first subscriber
station conference branch, the path in which the
resistance ground. is removed may he traced over
conductor T#3, lower armature and contact of re-
lay TSPI, resistance 114, conductors 715, T16.and
621, resistance 628, to ground at the outermost
upper armature and contact of relay 6—ON.
This resistance ground normally had been creat-
ing a mark signal for the first subscriber staticn
conference branch contribution. to the conference
transmission circuit, but now that the subscriber
loop is attached, the loop performs that service.
Relay 1SPI, upon. operating, also operates relay
6SP4 in a circuit. traceable from ground at its
upper armature and contact, conductor TIT,
through the lower winding of relay 6SP4, conduc-
tor 513 to grounded battery at the innermost up-
per armature and contact of relay §—ON. Relay
65P4, upon: operating, closes at its upper arma-
ture and front cantact a locking circuit for relay
6SP3. Relay 6SP4, upon operating, places relay
6SP3 under control of relay 6RS which operates
to its spacing, or right-hand, contact whenever
the conference trunk transmits a space signal to
the conference circuit.

Meanwhile, when ‘“held” magnet TH2 of the
conference  connector switch operated, it effec-
tively transmitted a space signal to the “order”
trunk because it opened: the tip conductor.and: in-
opening the ring conductor it causes the release
of relay 8SPC which, in turn, released relay 5SPZ.
Relay 5SP2, upon releasing, removes battery 502
from the ring conductor of the “order” trunk,

-resulting: eventually: in the registation of a dis-
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conneet. signal in that trunk and finally in-a. dis-
connect signal hefore the operator at the dis-~
tant central office. Relay 5SP2, upon releasing,
also increases the bias on relay 5SPC, discon-
nects: the. resistance ground which operated the
“hold” magnet TH2 in the conference connector
switch and applies it to a circuit extending
through. the winding of relay S which operates,
the resistance ground herein referred to involving
resistance element §81. Relay 5H, upon operat-
ing, opens: the: operating path of relay 5T which
releases and-again removes ground from the grid
element of vacuum tube 505.. After one and one-
half seconds relay 5T2 again operates: but this
time relay S5H being operated, the operation of

and ring conductor 20 of the called subscriber 78 relay 5T2 results in. the operation of relay 4C
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of the first conference subscriber station appliqué
circuit. Relay 4C upon operating (1) locks in
parallel with “hold” magnet TH2, through the op-
erated contact set 126 of the conference connector

switch; (2) opens at its outer upper armature and .

contact the holding path of subscriber ‘hold”
maghnet 2H2 which releases; and (3) places a busy
indication on the selecting conductors of both
the subscriber regular and unlisted calling num-
bers, namely, conductor i546 for the subscriber
regular calling number and conductor 1549 for
the subscriber unlisted calling number. The re-
lease of “hold” magnet 2H2 causes the release
of relay 4A which, upon releasing, releases, in
turn, relays 4B and 4Bi, Relay 4Bi, upon re-
leasing, releases relays 5ST and G in the control
circuit. Relay 5ST reapplies ground to the grid
element of vacuum tube 508, causing the release
of relay 5T2. Relay 5G, upon releasing, releases
relay 5H, returning this part of the circuit to
normal, while it permits relay 1SLi of the sub-
scriber conference branch just selected, to op-
erate, and also again causes all other unlisted
calling numbers o again cease testing “unas-
signed.” Relay 1SL{, upon operating, preselects
the next idle level on the subscriber conference
connector switch, permitting the selecting mag-
net, such as selecting magnet TSM—2 (not
shown), on the next idle level to operate when
relay 58T again operates. 'The relay correspond-
ing to relay TSLI of the next subscriber confer-
ence branch (not shown) and associated with the
next idle level will similarly be held from operat-
ing.

Addition of other conference subscriber stations

As hereinbefore described the operator receives
‘a disconnect signal after the conference sub-
seriber station is connected to a subscriber con-
ference branch. Slightly later, the coutrol cir-
cuit causes the release of the subscriber station
“hold” magnet, such as ‘“hold” magnet 2H2,
which again permits the operator to reach the
director circuit, When the director circuit is at-
tached the operator receives a lamp indication,
and if subscriber stations are to be automatically
connected the operator repeats the routine here-
inbefore described until all the desired subseriber
stations have been added one to each of the sub-
scriber stations conference branches available.
The action of the conference circuit remains the
same as when the first subscriber station was
added except this time relay 5E does not operate
relay 6SP3 and relays 6SP3 and 6SP4 remain
operated. Each of the subscriber stations to be
added is connected to -an idle level.of the sub-
scriber conference connector switch.

Start of the conference and transmission

After the operator at the central office has
added the last subscriber station to the confer-
ence, she awaits the receptioh of the disconnect
signal over the “order” trunk and then discon-
nects from the “order” trunk, which returns to
normal. The operator then turns to the confer-
ence trunk and sends a one-second break signal
to the concentrating unit. This space signal
causes the operation of relay 6RS tfo its spacing,
or right-hand, contact and at the same time ap-
pears as. & space signal in all conference sub-
seriber loops. Relay 6RS causes the operation of
relay 682 and the slow release of relay 6U. Relay
6S2, upon opérating, closes at its lower armature
and contact a holding circuit for relay 6SP3 the
cireuit being traceable over the outer lower arma-
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ture and contact of relay 6SP4, No. 2 armature
and contact and winding of relay 6SP3, -to
grounded bhattery at the innermost upper arma-
ture and contact of relay 6—ON. ' Relay §U, upon
releasing, closes an- operating circuit from
grounded battery at the innermost upper arma-
ture and contact of relay 6—ON, conductor 585,
through the winding of relay 5V, contact and ar-
mature of relay 85U, to ground at the upper arma-
ture and front contact of relay 6SPA. Relay 5V
operates and locks under control of relay 6-——ON.
Also 5V, upon operating, removes thé grounded
battery at the innermost upper armature and con-
tact of relay 6—ON from the control circuit shown
in Fig. 5 and from all remaining unlisted con-
ference numbers making them test “unassigned”
and thus preventing any further addition to the
conference circuit. - At the conclusion of the break
signal relay 6RS operates.-to its marking, or left-
hand, contact releasing relay 6S2. The operator
then c¢alls all subscribers, and orders the start of
the conference. The transmission ¢ircuit of the
conference circuit consists of two polar relays for
each subscriber conference branch, such as relays
181 and TRI for the first subscriber conference
branch, and three polar relays for the trunk con-

‘ference branch, such as relays 6S, 6R and 6RS.

Relay 6RS in the trunk branch is used for super-
visory purposes. In general, the R relay of each
subscriber conference branch, such as relay TR
of the first subscriber conference branch, trans-
mits signals created by that branch into the con-
ference as a whole, while the S relay of each
branch, such as 1S1 transmits signals obtained
from other branches into the particular branch.
‘When the conference is marking, the lower wind-
ing of the S relay in each subscriber conference
branch, such as relay 181, and the upper winding
of relay 6S draw a series marking current caus-
ing the relays to remain on their marking con-
tacts, This series circuit has a Ppotentiometer
arrangement on each end causing a 10-milliam-~
pere current to flow, the sources of current being
the potentiometer comprising a path extending
from grounded battery 718 at one end, through
the lower winding of relay 151, through the upper
winding of relay 6S; to the potentiometer at the
other end formed by a ground connection at outer-
most upper armature and contact of relay 6—ON
and extending through resistance 699, armature
and marking contact of relay 6R, armature and
marking contact of relay TR, to grounded battery
799. In the subscriber conference branches the S
relay marking contacts supply current to operate
all R relays to their marking contacts either be-
cause the attached subscriber loops are closed or
because the resistances, such as resistance 714 in
the first subscriber conference branch, is con-
nected to the tip conductor by the unoperated
SP{ relay, such as relay 1SPI in the first sub-
scriber conference branch. The upper winding of
all S relays in the subscriber conference branches
are short-circuited, that is, have no current at

" the time. In the trunk conference branch ground
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on the marking contact of relay 6S permits relay
6R to draw current from the conference trunk -
and to remain marking. .
If g subscriber originates a spare signal the R
relay -in the - associated subseriber conference

Jbranch, such as relay TR in the first subscriber

conference branch, becomes spacing under the
influence of biasing current in its lower winding,
Relay TRI, upon operating, to its spacing contact
removes the short-circuit from the upper winding
of relay 7SI and by applying ground to the right .
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side ‘of the upper winding ‘of relay S permits a
current to flow through this upper winding where-

by relay 65 is held definitely 'in its marking po-,

sition, This same ground which is connected to
the outermost upper artature and contact of re~
lay 6—ON also replaces one ‘of the ‘end poten-
tiometers which comprised grounded battery 198,
causing a reversal of current in the upper wind-
ing of relay 6S and the lower winding of the S
relay in each of the subscriber conference
branches, such as relay 181 of the first .conference
branch. Relay 6S and the S relay in ‘each of the
subseriber conference branches operate fo spacing
except the S relay in ‘that.subscriber conference
branch that had created the space signal and
such relay remains marking because of current.in
its upper winding. When the subscriber station
again rebturns to the marking rcondition the R
reélay in its .associated subscriber ‘conference
‘branch, such as relay TRI in the first subscriber
conference branch, operates to marking thereby
short-circuiting the upper winding of its :asso-
ciated S relay, such as relay 1S1and removing the
ground -connection, ‘which permits a 10-milliam-
pere marking current to flow in all:S:relays which

now operste to their respective marking contacts.,

The same action as described above ‘occurs if
the ‘conference trunk branch originates a space
signal except in this ‘case the trunk conference

relay €S8 remains marking because -of current in .

its upper winding and all other relays such as
those in the subscriber conference branches :op-
erate to their respective:spacing positions.

Relay. 8RS in the trunk confereénce branch
monitors the signals received from the trunk.
When a space is received relay 6RS operates relay
6S2 and holds relay 6SP3 operated, thus prevent-
ing the registration of a disconnect -signal. The
trunk -circuit itself has a similar feature, but it
must be used in-‘the confererce ‘circuit because
the disconnect signal arrahgement once operated
remains locked up.

Connection to the conference circuit .of .a .sub-
scriber station not arranged for .qutomatic
connection

If the operator at the distant central office
requires the addition of ‘a ‘subscriber’s station to
the "conference, for which the operator has ‘ho
unlisted number and whose line is therefore not
arranged for automatic cchnection, the :operator
must request the attendant at the concentrating
unit switching center to add said subscriber sta-
tion manually. The operator reaches the attend-

ant in the usual way by selecting the station of

the attendant and then transmits information of
the connections reguired. The ‘attendant tests
the subscriber line and, if idle, calls the sub-
scriber. If the conference is accepted ‘the at-
tendant patches a cord circuit between jacks of
the desired subscriber’s line, such as jacks ‘207
and 2068 of subscriber’s line 202, and correspond-
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ing jacks of the next idle conference branch, such

as jacks T18 and 7120, respectively, of the first sub-
scriber conference branch. Jacks T18 and 720
are mentioned herein for illustration 'purposes
only and because they are the only ones shown
associated with a subscriber conference branch.
When the first subscriber station is selected for
connection to a conference, it is necessary to per-
form an additional function as compared with
those subscriber stations that are added to ‘the
conference. In the case 'of the ‘first subscriber
station being added to ‘the conference the at-
tendant holds start key 5§2 operated for a second
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before and while he plugs into the jacks of the
idle subscriber -conference branch. "Thus the tip
and ring conductors of the subscriber line are
connected to the subscriber conference branch
causing the operation of relays 18P and 1SPi.
The ring -conductor of jack 718 furnishes ground
to the ring conductor of jack,say jack 287, a sub-
scriber line 202 is selected as the first subscriber
to be added to the conference, and this ground
is-extended -over conductor 545 to the contact at
No, 2 armature of relay 1551 so that-any call for
subscriber line 202 on the director circuit will
find a busy condition. Jack 720 receives ground-
ed battery through the winding of subscriber
“hold” magnet 2H2 in a eircuit ‘traceable over
conductor 253, contact and 'inner upper armature
of relay #C, conductor ‘241, operated off-normal
contacts associated with the tip spring of jack
208, ring spring of jack 208, ring spring of jack
120, operated-off -normal contacts associated with
the tip spring of jack 120, through the winding
of relay 1SL, to ground at ‘the No. 7 armsture
and contact of relay 8SP3, relay 6SP3 having
operated when start key §i2 was operated 'to
close a circuit from ground, through the winding
of relay ‘6SP3, to grounded battery at the contact
and inhermost upper armature of relay 6—ON.
Relay TSL operates to close at its upper armature
and contact an operating circuit for relay TSLi,
the circuit being traceable through the winding
of relay TSL1, conductor Ti2 to grounded battery
at ‘the front contact and outermost lower arma-
ture of relay 6—ON. Relay TSL, upon operating,
closes at its lower armature and contact an oper-
ating -circuit for busy lamp 187 which lights, the
lighting circuit extending over conductor 708 to
ground at the middle lower armature of relay
§—ON. Relay 6—ON operated in response to the
operation of relay 6Rf which in turnh operated
in a circuit traceable from ground, through the
upper winding of relay 8SP, normally c¢losed con-
tact at tip spring of jack 838, ring conductor, 822,
operated ring contact of set 268, inner armature
and contact of hold magnet 2HC, conductor 667,
normally closed contact of jack 609, conductor
610, through the winding of relay 6R{, No. 1
armature and contact of relay 6SP3, conductor
§44 to grounded battery 502. The operation of
relay TSLI preselects the next idle subscriber
conference branch.

Manual set-up of ‘conference circuit

In case of failure of the automatic equipment,
or if the .concentrating unit is not arranged :for
automatic conference connections, the attendant,
under instructions. from ithe operator at the -dis-
tant central office, can completely set up the.con-
ference maruglly. If the concentrating unit hag
failed ‘the attendant first patches a cord .circuit
between the jacks of a trurik:gssigned:as the con-
ference trunk, say jacks -885 :and 836 and jacks
601 and 602, respectively, of the trunk conference
branch. In'thisicircuit, completed by the patch-
ing cord, relays 6RI, 632 and 6—ON operate.
The operating -circuit for relay 6Ri ‘is traceable
from-grounded battery 502, conductor 644, resist-
ance §13, conductor 612, through the winding of
relay -6R1i, conductor ‘610, normally closed con-
taets of jack 609, tip spring of jack $02, tip spring
of jack 812, through the upper winding -of relay
8SPto ground. Relay §R|{, upon operating, closes
an ‘obvious operating -circuit for relay 6—ON.
Relay 6§—ON, upon operating, closes .a circuit
from grounded ‘battery, contact and innermost
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upper armaturé of relay .6—ON, through the
winding of relay 652, to ground at the armature

and spacing contact of relay 6RS, relay 6RS hav-
ing operated to its spacing contacts in & circuit
traceable from ground at the outermost upper
armature and contact of relay 6—ON, conductor
622, marking contact and armature of relay 868,
through the lower ‘windings, in series, of relays
6R and GRS, to grounded battery 624. The at-
tendant then adds the subscriber stations to the
idle branch as required, While plugging the first
subscriber station into the first idle subscriber
conference branch, the attendant holds start key
512 operated for approximately one second. The
operation of start key 512 causes the operation
of relay 6SP3 which, upon operating, connects
the tip conductor €08 of the conference trunk to

the trunk conference branch and causes the op-
eration of relay 8SP in the conference trunk.
The addition of the first subscriber station there--

fore finally ends in the operation of relays 6SP3
and 6SP4.

Relay 6—ON, upon. operating, closes at its
outermost upper armature and contact, a circuit
extending from ground over conductors 622 and
625, through the upper winding of relay 1SP, to
grounded battery which is common to the corre-
sponding relay in each of the other subscriber
conference branches. Relay TSP operates to its

right-hand position thereby connecting ground to’

the winding of relay TSP which operates. Relay
1SPI{, upon operating, takes over the function-of
holding relay 6SP3 operated. After all required
subscriber stations have been added, who could be
reached, the attendant notifies the operator at the
distant central office who in turn arranges to
start the conference over the conference trunk.
If the unit is arranged for automatic conference
connection operation but is temporarily being
operated manually, the operator at the central
office sends the usual one-second break signal
before starting the conference. The attendant
reaches the operator at the central office over
the conference trunk by patching a cord circuit
between the test jacks 1982 and 1903 of the test
circuit and jacks 626 and 609, respectively, of the
trunk conference branch. The test circuit is pre-
pared by operating the trunk test answering key
1904 whereby the test circuit holds the conference
circuit in its marking condition. The trunk test

answering key 1904 is released and reoperated to’

send a recall signal over the conference trunk to
the operator at the central office. When the oper-~
ator answers, the attendant gives details of his
accomplishment and disconnects from jacks 626
and 609 of the trunk conference branch.

A conference subscriber disconnects prematurely

If one or any number, but not all, of the sub-
scribers whose station lines are connected to the
conference circuit, disconnects the SP relay in

each of the associated subscriber conference-

branches, such as reldy TSP in the first subscriber

conference branch, releases, releasing the SP{ re-'

lay of the same branch, such as TSP of the first
subscriber conference branch. The SPI{ relay in
each subscriber conference branch, upon releas-
ing, connects a resistance ground to the tip con-
ductor of the subscriber conference branch, caus-
ing that branch to create a mark signal toward
the conference circuit. Resistance T14 is em-
ployed for this purpose. - The conference can
therefore confinue between the remaining sub-
scribers, The telegraph signal may tap the bell
- at the prematurely disconnected station. All sub-
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scriber lines remain attached to the conference
circuit until the operator at the central office
disconnects. Any new call originated by any dis-
connected subscriber reaches the conference cir-
cuit.

Disconnection of a conference circuit containing
automatically connected subscriber stations

‘When. finally all conference subscribers have
disconnected, relay 6SP3 releases. The release of
relay 6SP3 effectively creates & disconnect signal
in the conference trunk, which signal is sent to
the operator at the central office. The release
of relay 6SP3 in removing ground from conductor
615 . releases all automatically connected sub-
scriber lines and returns such lines to normal.
The operator, upon receiving a disconnect signal,
withdraws from the conference trunk causing it
to release the hold magnet, such as magnet 2HC,
which holds the conference circuit to the con-
ference trunk. This releases relays 6R and 6—ON.
Relay §—ON, upon releasing, removes power from
the conference branches and control circuits
thereby releasing all operated relays and return- -
ing the circuit to normal. '

Disconnection of conferemce circuit containing
both automatic and manually operated s*ub-
seriber stations

After all subscribers have disconnected from
the conference the automatic subscribers are re-
leased and the circuit returns to normal as indi-
cated in- the immediately preceding paragraph.
Relay 6SP3 being normal and a patching cord
remaining in any of the jacks of the subscriber
conference branches, such as jacks 7{9 and 720 of
the first subscriber conference branch, causes the
operation of relay 6AL which, upon operating,
sounds an alarm and lights disconnect lamp 121
as'a signal for the attendant to remove the pateh-
ing cord... Relay 6AL also connects ground to the
conference circuit conductor 1547 which is seized
when the signal received from the operator at the
distant station corresponds to the calling number
of the conference circuit. Ground on conductor
1541 gives the conductor a busy condition. When
all patching cords are removed, relay 6AL re-
leases restoring the circuit to normal.

. Disconnection of a conference circuit
manually set-up

Regardless of the reason for thé manual set-up .
removal of the patching cord between. the jack

‘of the subscriber line and the jack of the con-

ference branches is caused as hereinbefore de-
seribed. If the conference was manually set up
because of failure of the concentrating unit, the
operator at the central office after receiving a dis-
conhect signal over the conference trunk informs
the attendant 'and orders the removal of the
patching cord between the trunk and the con-
ference circuit. If the unit is so arranged, the
withdrawal of the operator from the conference
trunk lights a disconnect lamp which furnishes a
signal for the attendant to remove the patching
cord between the trunk and the conference circuit.

Busy key -

Each subscriber conference branch is equipped
with a busy key, such as key 181 of the first sub-
scriber conference branch. This key, upon opera-
tion, can remove the branch from service. As
soon as relay 6—ON operates, the busy lamp, such
as lamp 707 in the first subscriber conference
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branch; of the branch associated with the opera-
tor's key, lights. The busy key prevents the pre-

selection. of that branch for a subscriber con-

nection. i

Busy and out-of-order jack of unlisted conference
numbers.

Each subscriber conference access circuit is
equipped. with a jack, such as jack 407 of the
access circuit for subscriber’s station 102, which
as. far ag the unlisted conference number con-
ductor, such as conductor 1549 of the access cir-
cuit of subscriber’s station 102, is concerned,
functions the same as a jack of the subsecriber
line cirecuit, such as. jack. 207 of subscriber line
202. When, therefare, an attendant wishes: to
manually make busy or out-of-order subscriher
lines arranged for automatic conference connee-
tion, he connects by means of patching cords,
both a jack of the access circuit, such as jack
401, and a jack of the subscriber line, such as
jack 207, to either the subscriber busy or the
subscriber out-of-order jaek as desired. When
.the conference circuit is mormal all unlisted con-
ference numbers test “unassigned,” to a testing
director circuit but that the manual busy or out-
of-order condition inserted into. a jack of the
access circuit, such as jack 407 of the access
circuit for subscriber station 102, supplants the
“Unassighed’ condition.

ALL-TRUNKS~BUsyY CIRCUIT

When: a subscriber, say at station: 105, origi-

nates a call during the all-trunks-busy period the .

e’

sequence circuit connects a ground connection to
a circuit extending over conductor (338, No. 2
armature and contact. of relay 18B; throush the

winding of start relay 18ST to grounded battery
Relay I8ST, upon op~ 4

and relay 8ST operates.
erating, permits relay 18PC and (8—Sub. Oft
register to function. Relay 18ST; upon operating,

closes at its middle lower armature and contact
a circuit extending from grounded battery, back
contact and No. 5 armature of relay 18B, con~ .

ductor 1806. through the winding of selecting
magnet 28M-—8 to ground and the magnet

a0

2SM—8 which is assigned to the uppermost, or

_ all-trunks-busy, level of the link circuit operates.
Selecting magnet 28SM—0, upon operating, closes
a circuit extending from ground at its armature,
conductor 266, through the winding of relay 14D,
to grounded battery. Relay 14D operates and
closes at its outer right-hand armature and con-

tact a circuit extending from ground, resistance :

1401, conductors (402 and 303, through the op-
erated outermost. upper armature of one of relays
3Ul to 3US5, for example, say, in the case as-
sumed herein, the eperated outermost upper ar-
mature of relay 3US5, armature No. 9 of relay 3C
in operated condition, through the winding of
subscriber “hold” magnet 2H5 to grounded bat-
tery. “Hold” magnet 2HS5, upon operating, con-
nects the tip and ring conductors: of subscriber
station 105 over the operated contact set. 218 to
conductors 211 and 272, respectively, which ex-
tend to the all-trunks-busy circuit. The link
circuit hold magnet, say magnet 2H5, correspond-
ing to the calling subscriber station, upon oper-
ating, effects the release of the line relay in the
calling subscriber line circuit, such as line 205
which, in turn, effects the release of calling-in
relay 3SC. Relay 3SC, upon releasing, (1)
causes relay 3GB to release thereby connecting
ground at its right-hand armature and contact.

60

75

2,372,320

to, conductor- 3% which extends over two paths,
one of which extends ta the all-trunks-busy cir-
cuit, and (2) removes ground at its No. 12 arma-
ture and contact. from the circuit extending over

- canductor 313, outer lower armature and con-

tact of one.of the relays 3Ul to 3U%, confacts
and outer left-hand armature of relay 3GD, con~
ductor 320, through the winding of relay I4LSI
to. grounded batiery. Relay [4LSI releases. to
remove ground from conductor 1404 in a cireuit
traceable over conductor 1329 of the trunk ad-
vance relay chain, conductor 1329 being an alter-
native of conductor 1311 when relay (3AD is
operated.

Relay 3GB, upon releasing after the operation
of start relay 18ST, causes relay (8B to operate.
Relay 18B, upon operating, locks momentarily
in a circuit traceable aver its No. 3 armature and
contact, conductor 1807 to ground at the No. 6
armature and contact of relay (4H but relay
14H is. quickly caused to release by the release
of relay 14LSI. Relay 18B, upon operating, (1)
connects at. its No. 4 armature a ground con-
nection to the upper winding of relay (8LN; (2)
operates relay i8D; (3) connects the lower wind-
ing of relay i8LN to the inner lower armature of
relay 18B; (4) connects ground at its No. 8 arma-
ture and contact through a circuit extending
over conductor 1808, sleeve conductors 273 and
274 now in mutual engagement through contact
set, say set 210, of the operated link circuit, to
the winding of hold magnet 2HS which was pre-
viqusly operated; (5) apeuns the operating circuit
for the selecting magnet. 2SM-—10; (6).opens. the
cireuit including the conductors 304 and 1805

which extend to the sequence circuit; (7) trans-.

fers at its No. 2 armature and front contact, con-
ductor (330 to the start relay in another all-
trunks-busy circuit if such is required and re-
leases. the start relay {8ST of the all-trunks-busy
circuit. shown. Relay I8LN also operates by
means of its upper winding and supplies a hold-
ing ground for relay (8B. '

Relay 18D, upon operating, connects ground to
a circuit extending from ground at key 1809, con-
ductors 1818 and 1819, contact and outer lower
armature of relay 18D, conductor {812, innermost
lower armature and contact of relay 18L, can-
ductor 1813, through the winding of relay (8L{,
to grounded battery and relay {8L{ operates dur-
ing the “no circuit” condition. Also relay {8D,
upon operating, causes a circuif extending from
grounded battery, through the winding of relay
18E, contact and upper armature of relay (8D to
the interrupter 18{4 which. operates on a. basis of
two seconds on and four seconds off. Relay {8E
operates in accordance with the pulses obtained
from interrupter (814 and, on operating, (1)
permits relay I8F to operate, and (2) holds relays
18D and 18L operated. Relay I8F, upon operat-
ing, produces a. ground connhection to operate
stepper magnet 18A-—MGT during the “no cir-
cuit?” condition and removes the ground connec-
tion from one side of condenser {8082 which side
is then connected to the secondary, or upper,
winding of relay (8P, at the same time placing
ground. on the armatures of relays (8—INT and
18P. Relay {8F, upon operating, connects ground
at its inner lower armature and contact to a path

- extending over conductor 1815 to the armatures

of relays 18P and I8—INT. In.the meanwhile the
connection of the calling subscriber line through
the tip and ring conductors has returned the se-
quence circuit to nermal, removing ground from
conductor 1330,

“«
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C‘ountmg subscrzbers calls during an, all trunks-
. : busy period o

* When a subscriber calls during the all- trunks-
busy period ground is connected to the winding
of relay (8PC in a circuit traceable from the in-
nermost lower armature and contact of relay
i8ST; conductor 1816, through the windings, in
series, of relay 18PC and register 18—Sub. Ofl.
the latter upon operating, (1) serving to register

“the call after relay 18PC operates and (2) sup-
plementing the ground potential, Register 18—
Sub. Ofl., when operated, locks to the ground on

the armature and contact of relay 18PC, and re-

mains locked through its own armature and ¢on-
tact until ground is removed at the innermost
Iower armature and contact of relay I8ST. Re-
lay 18PC releases when register {8—Sub. Ofl. op-~
erates. The register therefore operates only once
on any one single grounding of conductor 1338
by the sequence circuit. The function of relay
{8PC is to insure the application of ground for
a sufficient period to enable the slow-acting mes-
sage register Sub. Ofl. to function. If the all-
trunks-busy circuit, the line circuit and the se-

quence circiut function speedily and tend to.re-.

move the ground from conductor 1330 before the
message register has operated, ground on relay
18PC will insure the operation of the message
register.
mitted to each subscriber’s line the subscrlber
call is registered.

Transmission of “letters” to the subscnber statzon
during the “no cireuit” period

When a subscriber ‘is ‘connected to the all-
trunks-busy circuit during the “no circuit” pe-
riod as heréinbefore indicated, relay {8—INT
follows the sixty 1mpulse per minute with inter-
rupter 1801, and relay I8F follows two-second
ground, four-second open from interrupter 1814,
During the time that relay 18F is normal, con-
‘denser {802 is charged and relay I8Pl is held
marking ‘and a marking signal is transmitted
“to the connected subscriber line. . When relays
I8F and 18—INT ‘are operated, ground at the
upper armature and contact of rela,y 18F dis-
charges condenser (802 via resistance (817 and
the contacts of relay 18—INT." The current of
this discharge tends to hold relay 18P{ on its
marking - contact. As’ soon. as’ relay {8—INT
releases, condenser {802 recharges, the currenft

in’ this case operating relay 18PI to its spacing

contact. When the charging current has de-
creased sufficiently relay 18PI ‘again returns to
its marking contact. On each subsequent opera-
tion and release of relay 18—INT during . the
operated period of relay |8F, this cycle is repeated
producing a space signal of .022 second, once per
second. When ground is removed from the
interrupter ground conductor 1818 by 1nter1upte1
1814, relays I8E and 8T release. Relay {8F, upon
releasing, opens the secondary or upper, winding
of relay 18PI, allowing condenser 1802 to charge,

definitely operating relay {8Pf to its marking

contact. The different release times of relays
8% and {8F insure that ground will be connected
to conductor {812 for an interval after the last
transmitted space signal.
space signal which is equivalent to the “letters”
character is thus transmitted to the subscriber,
once per second during the “on” period of the
interrupted relay circuit. Relay (8L is held
operated by relay (8E during the “on’ period of
the interrupter and by the marking condition of

Therefore, as the signals are trans- |,
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the line during the remainder of the mterrupter
cycle.

A trunk becomes idle while “letters” signals are
being sent out to the subscriber stations

As soon as @ trunk in the group involved be-
comes idle under this condition ground is re-
moved. from the all-trunks-busy conductor 1308
by the sequence circuit causing the release of the
associated relay (8A and in turn the release of
relay 18L provided that relay I8E is also released
at that time. The release of relay 8L opens the
contact and winding' circuits of relay 18—INT
causing its release and at the same time connects
grounded - battery to the winding of relay i18P.
When: relay 18F again operates and providing
that relay 18P is not operated to its right-hand
contact;, current flows in both the primary and
secondary windings of relay (8P, the current in
the primary, or lower, winding tending to operate
the relay to its right-hand contact and that in
the secondary, or upper, winding tending to keep
the relay on its left-hand contact. When the
charging current flowing through the secondary,
or upper, winding of relay {8P has decreased suf~
ficiently, relay I8P operates on its primary, or
lower, winding. As soon as relay 8P operates to
its right-hand position the current is reversed in
the primary, or lower, winding of the relay, tend-
ing to.drive the armature to its left-hand posi-
tion.. The charge on ccondenser 1820, however,
causes a current to flow through the secondary,
or upper, winding in -a direction tending tc hold -
relay (8P in its right-hand position. When this
discharge current has been sufficiently dissipated,

‘relay 18P is driven to ifs left-hand. position under

the influence of the reversed current in the pri-
mary, or lower, winding. When the armature
and right-hand contact of relay 18P are disen-
gaged, the reversed current in the primary, or
lower, winding ceases, and the current through
the secondary, or upper, winding and the oper-
ating current. through the primary, or lower,
winding again begins to flow, causing a repetition
of the complete cycle. Relay |8P therefore oper-
ates ‘and releases at a rate of about nine cycles
per second and the discharging and charging of

. condenser (802 occurs nine times per second in-

bu-

60

stead of once per second. Space pulses of 0.022
of a second,; nine times per second, produce a “K’*
character on the subscriber’s teletypewriter as an
indication that a trunk is now available.  These
signals are, of course, produced only during the
active period of the relay interrupter circuit. The
subscriber disconnects and tries again. The dis-
connect of the subscriber station can take place
only during the period in which relay 18E is re-
leased. - If several subscriber stations have been
waiting; only one will be serviced by the available
trunk, and the others, of course, in turn will be
again connected to the all-trunks-busy circuit,
which by that time w111 be producing “letters”'
51gnals .

szmg the interval wherein letters are
_produced

being

When relay 18D operates during an all-trunks-
busy. period, relay 18L:i{ operates since relay i8L
is operated. Each grounding of the interrupted
ground conductor {818 of the interrupter results
as described in the immediately preceding para-
graph, in the operation of relay {8F which, in
turn, operates the rotary magnet {8A—MGT. In
machine ringing systems the relay circuit places

‘a ground on the interrupted ground conductor
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1818 once every six seconds in accordance with
the ringing machine interval. In systems not
equipped with machine ringing, the relay circuit
manufactures approximately the same cycle. In
any case, if the all-trunks-busy condition persists,
each grounding of the interrupted ground con-
ductor {818 causes the rotary magnet {8A—MGT
to step ‘a selector brush 1821 one terminal. On
terminal No. 9 of the selector switch 18A—SW
ground is connected to the winding of rotary
magnet 18B—MGT causing it to step its brush
1822 up one terminal. When selector switch
18A—SW operates its brush 1821 to terminal No.
19, relay 18L2 operates energizing release magnet
{8A—RIS. Selector switch I8A—SW is returned
to normal and begins stepping around again.
When selector switch (8B—SW reaches a pre-
determined terminal, relay (8LA operates and
locks, causing the “letters” lamp 1823 to light
and an audible alarm signal (not shown) to sound
as an indication to the attendant that the all-
trunks-busy condition has lasted too long. The
attendant'by operating key 1809 can release lamp
alarm relay I8LA to silence the audible alarm,
extinguish the lamp signal and return the se-
lector switches {8A—SW and (8B-—SW to normal.
If at any time prior to the operation of lamp
alarm relay I8LA a trunk becomes idle, relay 8L
releases causing the release of relay 18Lid. The
release of relay 8L places ground on the release
magnet of both - selector switches causmg the

. switches to return to normal,

Test circuit

When the trunk test equipment jack (901 is
patched to jack 930 in the trunk side of the trunk
terminating equipment at the concentrating unit
switching center the tip conductor 940 is in-
cluded in a circuit traceable from ground at the
left-hand normally closed spring of trunk test
inward ring key 19035, sleeve of jack {901, sleeve
of the patching cord (not shown), sleeve of jack
930, conductor 941, contact and inner upper arm-
ature of relay 9TR, then over parallel paths, one
‘extending through condenser 906 and the wind-
ing of relay 9RI and the other extending through
the winding of relay 9L, high resistance element
931, and then over a common conductor 948,
outer lower armature and back contact of relay

9TR, conductor 940, tip spring of jack 930, tip b

conductor of the patching cord, tip spring of jack
190{, trunk test inward disconnect key 1906, po-
tentiometer 1907, right-hand spring and its nor-
mally closed contact of key 1905, ring spring and
the normally closed contact of jack 1908, through
the milliammeter 1909, normally closed contact

and tip spring of jack 1908, resistance 1910, over .

the spring member and its normally closed con-
tact of trunk test inward spacing key 1811 to
ground. An inward call may be simulated by
operating trunk test inward ring key 1905 which,
in its operated position, closes the circuit, just
traced, through resistance 1812 to ground at its
left-hand spring member and to a source 1913 of
ringing current over conductor 1914 and through
lamp 1919 at its right-hand spring member. The
ringing current from source {913 operates relay
9R§ to initiate a call as hereinbefore described,
that is, seizes the director circuit, replacing the
high resistance element 931 with the trunk re-
peater element, such as receiving relay 9R, in its
marking position. By patching trunk test mil-
liammeter jack 1908 to jack 918 of the trunk ter-
minating equipment, potentiometer (907 may be
operated until the meter reading on milliammeter
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1809 is zero, potentiometer 1907 adjusting the line
current. The monitoring teletypewriter may now
be patched to the test teletypewriter jack {60f
of the director circuit and the required subscriber
station calling number pulses supplied by sending
from the monitoring typewriter. When the link
circuit has completed the connection to the called
subscriber line, ground will be connected to the
ring circuit of trunk test equipment jack 1901
to light lamp. The operation of trunk test in-
ward ring key 1805 will ring the bell in the called

subscriber station. When the call is answered

milliammeter 1809 will 1ndlcate the condition, that
is, marking current.

The operation of frunk test inward spacing key
1911 will place a spacing condition on the cir-
cuit toward the subscriber station or testing
equipment connected in place of a subscriber
station.

‘When the subseriber or tes{ circuit disconnects,
the condition is indicated by the milliammeter
1909 and the operation of trunk test inward dis-

connect key 1906 places a negative potential, say .

130 volts, on the tip spring of jack 190( to release
the equipment in the trunk termination circuit.
Resistance {917 of relatively high value reduces
the current from source 19i8 to give a rough
check of the operation of relay 9L in the trunk
terminating equipment.

Subseriber side of trunk

Tests ‘made at the subscriber side of the trunk
mean those that are made looking toward the
trunk terminating equipment from a subscriber
loop. If jacks 1902 and {903 are patched to jacks
207 and 208, respectively, of the subscriber line
circuit, the sleeve circuits will be connected to
the equipment side of the subscriber line circuit
and the tip circuits to the subsecriber loop. The
keys associated with the line equipment are shown
herein as keys 1904 and 1923. With these keys
normal the tip circuit is terminated in a ringdowtr
relay I9E which is of the alternating current
type and the ring conductor circuit is open. A
call for subscriber station such as station 102,
will apply ringing current to relay |9E which will
operate, lighting lamp 1921.

Operation of trunk test answering key 1904
in answering such.a call will complete the circuit
through the monitoring teletypewriter connected
to jack 1922 through the ring circuit to operate
the SP relay in the trunk, such as 8SP in trunk
801.

With no call awa,iting the operation of the trunk
test answering key 1904 will place a call condi-
tion as from a subscriber station on the trunk
termination equipment under test.

Operation of the trunk test break key 1923 will
simulate a break signal from a subscriber station

and the SP relay in the trunk, such as 8SP in.

trunk 801, should not release.

' Subscriber loops

As hereinbefore outlined when jacks 1902 and-

1993 are patched to jacks 207 and 208 the jack
tip springs are connected to the subscriber loop.
The tip conductor of the loop is thus terminated
in a source 1933 of positive potential, say 130
volts, via the monitoring teletypewriter; or con-
tacts of jack 1924 and the ring conductor is ter-
minated in a ground connection via the upper
winding of relay 19L. .

The closure of the loop at the subscriber sta-
tion will operate relay 19L and thereby light lamp
1925. Communlcatlon with the station subscriber
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is afforded by means of the monitoring teletype- -

writer connected to jack 1924. -

Operation 'of subscriber hne test paddlng a.d-
justing key 1919 operates relay 19K which, upon
operating, connects the subscriber loop into a
Whea.tstone bridge circuit: which is balanced when
the loop resistance is say about 4480 ohms. . The
four arms of the bridge arrangement are those
which respectively .comprise resistances. 1926,
1927, 1928 and the subscriber’s loop and the bridge
itself comprises resistances 1929, 1930 and micro-
ammeter 1931, resistance 1930 and microammeter
1931 being shunted by varistor 1932, For a defini-
tion of the varistor and its purpose reference may
be made to the copending application of L. A.
Gardner et al,
1941. A balance is indicated by a zero reading
on microammeter 193f. The loop resistance is

adjusted by means of a potentiometer in the sub-.
scriber line circuit, such as botentiometer 243 ¢

in subscriber line circuit 202. A meter reading of
one scale division on either side of the zero posi-
tion will indicate a deviation of compensated loop
resistance of approximately one-half of.one per

cent from the correct value of say 4480 -ohms.

The varistor 1932 is shunted across the microam-
meter to prevent the flow of .excessive current in
case the loop under test is open or short-c1rcu1ted

During periods when the test attendant is op=

erating toward the subscriber station, relay,.l9K
or springs of jack 1924 will be operated to mter-

rupt the connection to conductors in. the sub-.

seriber line circuit which correspond to conduc-
tors 1545 and 2({ of subscriber line c1rcu1t 202,
these circuits’ being carried through the ring

spring of jacks 1902 and. 1903. = If the subscriber.

loop under test is selected by the director cir-
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cuit, the originating operator will receive a busy. -

signal because subscriber hne test and selectlonf

conductor 1934 will be connected to ground

through the winding of relay 19H., Relay . {95
operates and lights trunk test inward-call lamp

1921. 'If the attéendant removes the monitoring
telétypewriter from jack 1924 and restores key
1919 or removes the patching cord from the sub-
scriber line jack, such as jacks 207 and 208 of
subscriber line circuit 202, the operator will bé
able to complete on her reconnection for verifica-
tion of the busy condition. If the patching cord
has been removed from subsecriber line jack the
operator will complete to the subscriber station,

If the patching cord is left up, that is, inserted .
in the subscriber line jack, and the monitdrin\g‘

set disconnected, the call will be completed to this

tést circuit, the ring signal operating relay {9E

to again operate lamp 192{. 'The call may be

answered by connectmg the teletypewriter to jack
1922 and operating trunk test answering key 1994,

Milliammeter {908 may be seized by a patching,
cord connected to jack 1908 and used with the
line and balancing jack of the trunk terminating '

equipment to indicate current conditions, for
trunk 801, line jack 817 and balancing jacks 218

‘and 919 may be used. Care should be taken to
prevent patching the milliammeter into circuit:
with current higher than say 25 milliamperes un- °
less the jack is equipped. with the proper shunts.

Test attendant’s line

A subscriber line circuit will be associated with
the ‘test circuit with an optional appearance at

the testboard.  When a call is completed to this
circuit the ringing current will operate the siub-

set, or ringer, 1938 directly, or in case the test-
board appearance is supplied, will operate relay
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19C which in turn will operate rélay 19B. Relay
19B, upon operating, will lock to a back contact
at ‘the outer right-hand armature of relay (84,
supplying ringing current ‘to: operate the subset,
or'ringer, and supply battery to:light a lamp at
the testboard appearance. ~When the call is
answered at either appearance. relay 19A. op-
erates, (1) releasing relay -18B, (2). connecting,
say 130-volt battery, to the ring conductor to op-
erate the SP relay in the trunk terminating cir-
cuit, say.trunk 8SP in trunk 80{, and (3) discon~
necting the ringing receiving equipment from the
tip conductor 1985, By operating the attendant’s
line hold key 1936 it is possible to hold a connec-
tion even though the -teletypewriter is discon-
nected from attendant’s.line-teletypewriter jack
1931,  In cases where it is: desirable to furnish
two-outiet operation, that is, with two groups of
trunks, .one group-extending :to each of two cen~
tral offices, an additional Fig. 19 is required and
will be .used with two_ subscriber lines, one as-
signed. to each outlet... In the case of two-outlet
operations, a single subset, or ringer, 1938 will be
used and a call lamp will be associated with each
attendant teletypewrlter jack appearance, such
as jack 1931. :

As used herein, a “half- duplex” line;. trunk or
channel is-a line trunk or channel equipped and
terminated so that sendmg ‘contacts at one end
may transmit to a receiving relay or instrument
at the other and vice versa but in which trans-
mission- in both directions may not be .accom-
plishied at one and the same time; it is roughly
synonymous with what is sometimes called “sim-
pleéx” and is to be distinguished from “duplex”-in
which two oppositely. directed transmissions gnd
receptlons are mdependent of .each other,

.. What is claimed is: -

1. A telegraph system mcludmg a  central
oﬁice 8 Satellite office, one or more two-way
communication trunks extendmg therebetween,
a’ plurality of outlying stations, a telegraph line
extendmg between each said station and said
satellite office, each of said trunks consisting of
ohe transmlssmn conductor only normally termi-
nated in identical potentla.ls during the idle con-
dition, and means to automatically seize an idle
one .of said trunks upon g call from.one of said

stations and extend said call to said central office

by applying 4 potential condition to the satellite
office end of said trunk different from that ap-
plied in thenormal idle condition.

“2.°Atelegraph system including a central of-
ﬁce ‘a satellite office, one or more trunks extend-
ing. therebetween a plurality of outlying stations,
a telegraph line extending between- each said

station dnd said  satellite office, each of said

trunks consisting of one communication conduc-
tor only and an induction balancing conductor
therefor normally interconnected and normally

‘terminated in identical potentials at each end in

the normal idle ‘condition, means under control
of a subscriber for seizing one of said trunks and
assoma.tmg it with the line from his station to
the satellite ‘office to extend a call to the central
oﬁ‘ice means at the central ofﬁce for answering
said call, said last-named. means comprising
means for establishing a half-duplex telegraph-
ing ‘condition upon said trunk upon answering.

3." A telegraph system including a central of-
fice, a satellite office, one or more conductive
trunks extending therebetween and each con-
sisting of one ‘telegraph communication-conduc-
tor only, a plurality of outlying stations, a -tele-
graph hne extendmg between each said station -
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and said satellite office, switching means opéra-
tive under control of a branch station for .ex-
tending a call over one of said lines :through
said satellite office tothe central office via-said one
only conductor:of one  of said trunks, means for

extending a call under control of:said one of said

trunks via one of 'said:lines selectively to one .of
said stations, and means for answering-either .of
said .calls to set up:a communication path over
said one only conductor-of the trunk chosen un-
der -either condition, said trunk .comprising a
seetion subjected to a variable leakage resistance,
means for applying three 'signaling c¢onditions
thereto, and. means for adjusting the ‘potentials
for causing said-signaling condmons -so that the
potential -across -the effective -léaksge resistance
of said line-is .of substantially the same magni-
tude -for all 'of said signaling -conditions.

4. A télégraph systemn ineluding a central of-
fice, a satellite office, -one or-more trunks ex-
tending therebétweéen ‘and :each -comprising one
telegraph communication cenductor-only, g plu-
rality of outlying stations, a telegraph -line éx-
tending between-each of ssaid -stations‘and said
satellite office, -means - for- establishirg a calling
condition at one of said stations, means opera-
tive under -control thereof -to “seize-an idle said
one -only conductor  of -one-of said trunks and
associate it Wwith said line in a ‘path of inter-
communicative relation, call responsive méans at
said central ‘office for extending ‘said path to
transmission -dnd- reception means in said-cen-
tral office,-one-only conductor of said trunk pro-
viding a single halfﬁduplex channel of ‘commu-
nication.

5.:A telegraph §ystem including two central of-
fices, an-interoffice trunk therebétween for tele-
graphic intercommunication, said -trunk -being
exposed to interfering potentials of the “class of
induced -or ground potentials, said trunk eom-
prising one-eommunicative’ conductive path only
for intercommunication -and having -an:idle con-
dition-and -a eall: condition, one: balancing con-
ductive: path:only‘extending’ parallel to said one
communicative - path, said' communicative path
and -said balaneing- path in the idle condition
being interconneécted and-having ‘grounded econ-
nections -at: their’ terminals,” said ‘commmunicative

path in-call ‘tendition’ being automatically seépa- -
extended

rated -from ‘said balahcing path,
through ‘appropriate current -responsive ‘means
and impedances, and-terminated by ‘a source or
sources of = operating -voltage, and “switching
means “whereby said’balancing conductive pdth
is equally and-oppositely under call condition ex-
tended -through the saiie ~current "respornsive
means, -extended through ' substantially ‘équal

impedances, and terminated by ground ¢onnec-

tions.

6. A telegraph’ system ircluding two éentral of-
fices, an ‘interoffice trunk . interconnecting “said
offices for telegraphic intercommunicgation, said
trunk being exposed to interfering potentials of
the class of induced or ground potentials, said

trunk comprising “a communicative conductive

path' and ‘having “an idle condition and a tele~-
graphing - markitig “condition, a balancing con-
ductive:- path ‘extending parallel to said ¢ommu-~
nicative path, said ‘communitative path and said
balancing: path in the idle condition ‘being ifiter-
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connected ‘and having ‘grounded connections at -

their-terminals, ‘said -¢ommunicative path in tel-
egraphing marking “condition “beihg “automati-

cally ‘separated ‘froim-said “baldticing path and ~

extended - through appropriate cUrreit respon--
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sive’means:and impedarnces, -and terminated by a
source or sources of :operating voltage, :and
switching means -whereby said balancing conduc-
tive .path -is equally and oppositely under tele-
graphing marking -eonditions -extended through
the same current responsive means, extended
through equal impedances, and terminated by
grounds.

7. A telegraph system including two central
offices, an interoffice trunk interconnecting said
offices ‘for ‘telegraphic intercommunication, said
trunk being-.exposed to interfering potentials.of
the class:of induced or ground potentials, said
trunk comprising one only intercommunicative
conductive path ‘and :having a marking condi-
tion-and conditions for spacing in.each direction
of -communication, & balancing conductive path
extending ‘parallel ‘to said .one .communicative
path, -said communicative path -being in each
condition‘extended through appropriate: current
responsive. means -and impedances, and termi-~
nated ‘by“a source or sources: of operating volt<
age, and switching means whereby said balanc-
ihgconductive path is equally and oppositely un-
deér'said conditions eéxtended through the same
current responsive means, extended ‘through
equal impedances, and terminated:- by grounds.
8. A'telegraph system including two- central of -
fices, -an interoffice -trunk interconnecting - 'said
offices  for telegraphic intercomimunication, said
trunk being éxposed to interfering potentials of
the class of induced or ground potentials, said
trunk -comprising “one only intercommunicative
conductive path and having a communicative
marking condition in‘each direction of commu-
nication and“a disconnect condition, a’balancing
conductive path-extending parallel to said com-
municative ‘path, ‘said one communicative path
béing in edch “condition -extended through “ap-
propriate current' responsive means and imped-
ances, and terminated by a source or sources of
operating voltage, and switching means whereby
said balancing conductive path is equally and
oppositely ‘under both conditions extended
through the- same current responsive means, ex-
ténded through equal impedances, and terminat-
ed by grounds.

9. A'telegraph system including a central office,
a “sdtellite office, one or more trunks extending

therebetween, a plurality of outlying stations, a

telegtaph line “eéxtending between said stations
and said -satellite "office, means operable ‘urider
control of one of said stations to seize an idle one
of Said trunks and connect it intercomimunica-
tively to the line of said station to establish a tele-
graphic communication path to said central office,
and means wheréby the .idle condition of said
trunks inclhides.a termingtion to ground through
a relay winding at the central office and a termi-

‘nation“to ground through a condenser and the

winding of “an alternating _current relay at the
satellite office.

10. A ‘telegraph system including a central .

office, ‘a satellite office, .one or more trunks ex-
tending therebétween, each .said trunk consist-
ing 'of one only intercommunication path, a plu-~
rality ‘of outlying stations, a telegraph line ex-
tending between -each of said: stations and said
satellite office, means operable under control of
one of said stations to seize an idle one of said
trunks ‘and. connect it intercommunicatively to
the line of said station to establish a telegraphic
communication path to.said central office, and
mearns whereby the calling condition established
upon said trunk by'a eall from one of said stations

<
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comprises the application of markmg battery at -

the satellite office and a termination to ground
through g supervisory relay at the central office.
.11, A telegraph system including an interoffice
trunk having an idle ‘condition and a communi-

cating condition, said trunk consisting of ‘a sin~
. gle. wire provided for intercommunication and

exposed to interfering potentials of a class-of in-
duced or ground potentials, said wire being par-
alléled by a balancing wire, both said wires in the
idle condition being interconnected at one office
and terminated at the other office in ground, said
trunk wire during the communicating condition
being terminated at said other office in battery
through g path including current responsive re-
lays and impedances, said balancing' wire being
switched under all supervisory and ‘telegraphing

conditions to extend oppositely through the same

current responsive relays, through identical im-
pedances and to ground terminations.

12. In a communication system, a central office,
a switching center, a plurality of outlying sta-
tions, a local communication circuit connecting

" each of said outlying stations to said switching

center, a plurality of single wire intercommunica-
tion circuits connecting said switching center to
said central office, each of said single wire cir-
cuits comprising means for transmitting and re-
ceiving' communications in opposite directions,
and means at said switching center for automati-
cally interconnecting any one of said single wire
circuits and one of said local circuits regardless of
the direction of the call to establish sald connec-
tions.

13. In a communication system, a central office,
a switching center, a plurality of outlying sta-’

tions, a local communication circuit connecting
each of said outlying stations to said switching
center, a single wire communication circuit inter-
connecting said central office and said switching
center, said single wire circuit comprising means
for transmitting and receiving communications
in opposite directions and non-locking through
supervisory means in said single wire circuit, in
combination with means for automatically ex-
tending a call from any one of said stations over
said single wire communication -ecircuit, and
means for selectively extending over said single
wire communication circuit a call to any one of
said outlying stations. ’

14. In a communication system, a central
office, a switching center, a plurality of outlying
stations, a local communication circuit connect-
ing each of said outlying stations to said switch-
ing center, a single wire intercommunication cir-
cuit connecting said switching center to said cen-
tral office; said single wire circuit comprising
means for fransmitting and receiving communica-
tion over each of said local circuits in opposite
directions, and an additional single wire of sub-
stantially zero potential for its entire length dur-
ing normal operation, provided for each single
wire intercommunication circuit between .said
center and said office for neutralizing -electrical
effects induced in its respectively associated inter-
communication circuit, from extraneous sources
of voltage,

15. In a telegraph system, a central ofﬁce,
switching center, a plurality of outlying stations
local to said switching center, a communication
circuit connecting each of said outlying stations
to said switching center, any suitable humber in-
cluding one or more single wire intercommunica.
tion circuits each arranged for transmission com-
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said switching .center to said central oﬂice,‘.an
artificial line for each of said single wire circuits,
a receiving relay for each of said single wire-cir-

.cuits having differentially arranged windings re-

spectively connected to said artificial line and its
associated single wiré circuit, an additional sin-
gle wire, grounded at each end, provided for each
single wire :intercommunication circuit of said
plurality for neutralizing electrical: effects in-
duced in its respectively associated single wire:
intercommunication circuit,  from extraneous
sources of voltage, another artificial line for each
of said additional single wires, each of said addi-
tional single wires and its associated artificial line

- being arranged differentially with respect to each

other on said receiving relay.

16. In a telegraph system arranged to. operate
with spacing and marking signals, a central office,
a plurality of subscribers’ stations connected to
said central office, a switching ‘center, outlying
stations connected to said switching center, single
wire intercommunication circuits interconnecting
said switching center and said central office, each
of said’ single wire circuits comprising at the
switching center end a normal ground connection
and at each end means for repeating spacing and
marking signals into the single wire circuits, relay
means at said central office and said switching
center responsive to a prolonged space signal of
a predetermined duration transmitted from any
one of said subscribers’ stations to hold intact at
said central office and said switching center an
established connection betweéen any one said
subscriber’s stations and any one of said outlying
stations, a source of variable current at said cen-

~ tral office, other relay means at said central office
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responsive to a space signal of greater duration
than that of said prolonged signal for causing a
current from said source to be transmitted to said
one outlying station, and a signal element at said
one outlying station .responsive to the variable
current from said source for furnishing an indi-
cation at said outlying station to disconnect the
established connection,

17. In a telegraph system arranged to operate
with spacing and marking signals, a central of- "
fice, a plurality of subscribers’ stations connected
to said central office, a switching center, a plu-.
rality of outlying stations connected to said
switching center, a plurality of single wire com-
munication circuits interconnecting said switch-
ing center and said central office, each of said
single wire circuits comprising at the switching
center end a normal ground connection and at
each end means for repeating both spacing and
marking signals into said circuits, a link circuit
at said central office connectable to any one of

.sald single wire circuits, a supervisory signal,

a source of current for condltmmng said super-
visory signal when said cord circuit is connected
to said one single wire circuit, transmitting means
operable through said cord circuit for sending
permutation code signals, & director: circuit at
said switching center for translating permuta-
tion code signals into an identifying designatign

-of one of said outlying stations, a source of peri-

70

munication in opposite directions and connecting 75

odically fluctuating current at said central office
automatically connectable to one of said single
wire circuits incident to the connection of said
cord circuit thereto, a source of potential at said
switching center automatically connectable to
said one single wire circuit and arranged when
so connected to produce a steady marking signal
condition on said one single wire circuit, means
at said switching center responsive to the ringing

/
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current. from said source:and:effective:to.cause
(1) ‘said director ¢ircuit to -be receptively rasso-
ciated with said.one single wire -circuit, and:(2)
said source of potential:to be connected to said
single wire ¢ircuit:in place of said normal:ground
connection to:produce:in said single  wire:circuit
a:steady marking condition to:uncondition:said
conditioned supervisory signdl:as an :indication
that said-director circuit-is:ready to 'receive per-
mutation code signals from:-said-central office,

18.- A telegraph system including: a«central:of -
fice, a-satellite office, one 6r more:trunks-extend-
ing therebetween, a plurality of:outlying:stations,
a telegraph line extending between:each:of:said
outlying stations and said satellite office;an-array
of coordinately arranged series:of contacts having
rows respectively associated with said lines and
crossing rows respectively -associated -with -said
trunks, another crossing row being-associated with

m,:source-of “all-trunks-busy” signals, means for 9
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automatically :extending: under control of one: of
said outlying: stations-a call through: said-satellite
office ‘via, .an idle ‘one:of ‘said trunks, and means
operative under :the condition .of :none of .said

trunks:being idle to ¢lose a:set of:said coordinate

contacts individual to-said:one calling:ocutlying
station and-said other crossing:row.

19. A system including a cross bar: switch hav-
ing holding -magnets and -selecting magnets, a
plurality of teletypewriters.individual:to the hold-
ing :magnets, ‘telegraphic .impulse .trunks .indi-
vidual to-certain of -the selecting :magnets, -2
source: of telegraphic ecode:signals,:individual to
other:of :said :selecting magnets and means re-
sponsive to the operation ¢f one of: said holding
magnets and:one. of :said other- selecting magnets
for-connecting .said source to the-teletypewriter
individual .to: said- one holding: magnet.
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