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This invention relates to telephone systems in
general, but is concerned more particularly with
automatic switching arrangements for handling
toll traffic in such systems. The main object of

‘5. the invention is the provision of new and im-
proved switching apparatus and operating meth-
ods for toll switchboards to enable toll operators
to establish and supervise connections more
efficiently.

0 GENERAL DESCRIPTION

The accepted practice for handling toll switch-
ing at a centralized toll switchboard in an ex-
change area having several local exchanges,
ordinarily consists in dividing the several sec-
tions of the tollboard into three distinct groups,
such as, inward, recording, and delay or poinf-to-
point positions. Incoming calls to toll lines from
other exchange areas are answered by switching
operators at the inward position and are either
completed directly or transferred to a delay or
point-to-point position for completion. Through
calls, that is, calls in which the switchboard
serves as a tandem switching point, are handled
25 at the inward position in much the same manner

as incoming calls. Outgoing calls originating in
either local automatic or local manual exchanges
and destined to be trunked over toll lines leading
to other exchanges, are answered by switching
operators at the recording position of the toll
board. 'The recording operators make out toll
tickets for the calls and may either complete the
calls directly or pass the ticket to a delay or
point-to-point position for completion. In han-
dling a delay or point-to-point call, the operator
sets up.a connection from her position to each
of the lines involved. This type of connection is
also referred to as a tail-to-tail connection.
One of the features of the switchboard dis-
closed herein is that an operator at a recording
position can change her position, by the opera-
tion of a key, from a recording position to a de-
lay or point-to-point position, and an operator at
a delay position can convert her position to a
recording position by restoring a key. There-
fore, each recording and delay position is a uni-
versal position and can be changed from one class
of service to the other at will, depending more or
less, upcn the traffic conditions,
‘Ancther feature of the invention relates to the
method of handling toll calls from subscribers
. of 4 local manual exchange in a central office
area. As is disclosed herein, the recording trunks-
frecm a local manual A-operator’s switchboard
are not arranged for CLR service (combined line

1
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(CL 179-27)

and recording service). Therefore, calls over
these trunks are not extended to toll direct, but
the calling subscribers are called back by the
CLR (recording) operator via call indicator
equipment at the local manual exchange, and an §
attempt is then made by the recording operator to
complete the desired toll connection. The original
connection set up by the local manual A opera-
tor is released by the recording operator as soon
as the local manual subscriber is reached by way
of the call indicator equipment. This arrange-
ment is necessary in this case because the cord
circuits at the local manual A operator’s posi-
tions are not arranged to provide the necessary
supervision to the CLR operators at the central 18
office on toll calls, and it would be impracticable

to change all the existing cord circuits to pro-
vide such supervision. Therefore, call indicating

B operator’s equipment is provided at the local
manual exchange to give the CLR operator the 20
usual switchhook supervision required on toll
connections. A special flashing signal is also
provided, which is controilled from the CLR
operators’ positions of the toll board, to indicate
to a B operator that a particular connection is
to be extended without making the usual tip busy
test.

Another feature is the arrangement for con-
trolling the transmission of ringing current.
When a connection is extended from an inward
position of the switchboard, ringing current is
automatically transmitted after the connection
is extended, and when a connection is extended
from a universal (recording point-to-point) posi-
tion of the switchboard, the transmission of the
ringing current is controlled manually from a
ringing key. All positions of the toll switchboard
are arranged for manual control reringing.

‘Another feature is the arrangement provided
whereby any toll operator can control the appli-
cation of a trouble tone to defective toll lines
in order to mark such lines “in trouble”.

Another feature is the arrangement for de-
laying the transmission of additional digits by
the register sender equipment when prolonged
hunting time 1is required by level-hunting
switches. This delay control is effective until
the hunting switch. seizes an idle trunk, thereby
preventing further impulses from being trans-
mitted before a succeeding switch is in a position
to receive them.

Another feature is the transfer call arrange-
ment by means of which any operator can trans-
fer a received call to any other desired operator’s
position in the toll switchboard. The selected
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cperator receives a transfer call signal and is
automatically connected to the calling operator’s
trunk. Other incoming calls are prevented from
being received at the selected operator’s position
until the transfer call is set up.

Another feature is the arrangement whereby
an operator (by operating an emergency key)
can provide a starting ground potential for finder
lIink circuits in the event that there is a failure
in the distributor equipment.

Another feature is the provision of a series
relay in the control (C) conductor of finders to
control the supervisory lamp at the toll oper-
ator’s position. The series relay may either be
connected to give lock supervision of flash super-
vision, according to the class of service being
handled at the particular toll gperator’'s position
that the finder is located.

Another feature is the provision of a discon-
nect key which is operated after the toll oper-
ator has controlled her digit key in accordance
with the called number or toll line number, in
order to automatically disconnect the register
sender equipment when all the digits registered
thereon have been retransmitted.

Another feature is the provision of a register
sender having less registers than there are digits
in a particular called number., This is accom-
plished by resetting the registers as many times
as Is required to transmit a called number. The
sender portion of the register sender starts trans-
mitting switch operating impulses as soon as a
registration is made on the first register and
continues transmitting impulses corresponding to
the registrations on succeeding registers. Each
of the registers in turn are restored to normal as
soon as the sender has transmitted impulses cor-
responding to the registration thereon and can
be reset to register subsequent digits of the called
number while the sender is still transmitting im-
pulses corresponding to the registrations on oper-
ated registers.

The foregoing features, together with others
not specifically mentioned, will be understood
best upon a further perusal of the description.

Description of drawings

Referring now to the accompanying drawings,
comprising Figs. 1 to 25, inclusive, they show by
means of the usual circuit diagrams, a sufficient
amount of the apparatus involved in a toll switch-
ing system to enable the invention to be under-
stood.

Fig. 1 shows a trunking diagram illustrating
the local and toll trunking arrangements of a
central office exchange area;

Figs. 2 to 24, inclusive, are circuit diagrams;

PFig. 25, drawn on the same sheet with Fig. 12,

s a layout diagram showing how the various
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sheets of drawings, Figs. 2 to 24, inclusive, should’

be arranged to be best understood.
The toll line routes

Referring now. particularly to Fig. 1, the toll
line route between exchanges will be discussed.
The toll line TL-—{ represents one of several
groups of toll lines extending between distant
exchanges and the central or toll switching office.

The toll line TL—2 is one of a group of toll
lines extending between a distant office and: the
central office. The distant office in this par-
ticular instance is of the type shown in Fig, 2,
part 2, of the application of John Wicks, Serial
No. 109,671, filed November 7, 1936, and the trunk
is referred to therein as trunk line TL—4,

in which the line terminates.

2,167,710

Toll. traffic over trunk line TI~—*2, which is
either tandemed through or origlnated in the
central office, may be completed to the desired
line terminating in the exchange at the distant
end through the automatic switches thereat in
response to the i{ransmission of controlling volce
frequency impulses transmitted over the toll line
such as TL—2.. Similarly, toll trafic arriving at
or originating at the distant end of trunk line
TL~-2 may be completed to a desired line in the
central office area through the automatic switches
in the central office responsive to the transmis-
sion of voice frequency impulses over the toll line
such as TL—2. In addition, toll traffic originat-
ing at the distant end of trunk line TL—2 which
is destined to be trunked to distant toll offices

- over trunk line TL—I{, are likewise set up by the

medium of the switching arrangements at the
central office responsive to the voice frequency
impulses received over trunk line TL—2.

The central office exchange employs 2 six-digit
numbering system, of which the first two digits
designate the desired office in the exchange area,
while the remaining four digits designate the
desired line in the particular office selected. The
various offices in the central office exchange area
may be considered to be local offices and may
be either manual or automatic exchanges. In
the particular embodiment shown, a local auto-
matic office, referred to as office #8, is accessible
from the eighth level of the toll office selector
TOS in the central ofice. In addition, a local
manual office, referred to as office #4, is acces-
sible from the fourth level of the toll office se-
lector TOS in the central office and the inter-
office trunks terminate In a call indicator or
B-operator’s positions at the local manual ex-
change. Each of the above local ofices is housed
in a separate office building, and the central
office is accommodated in a still further building
conveniently located with respect to serving as
& terminus for inter-city toll lines. The Strowger
switches in the central office exchange are indi-
cated by a rectangle representative of the relays
and mechanical equipment, below which the con-
tact bank is indicated by ten short, heavy, hori-

.zontal lines, each of which indicates a separate

level of the bank. )

Referring now particularly to the automatic
office #8 in the central office exchange area, rep-
resented by the dotted rectangle in the lower
portion of Fig. 1, it will be noted that each line
finder, such as finder F3, is paired with an office
selector, such as office selector OS—I. When a
call is initiated at a substation, such as substa-
tion A, a finder switch, such as finder F3, first
searches for the level containing the calling line
and then searches for the contact set in the level
When the calling
line is found, it is extended to the office selector
OS—I. The office selector OS--{ responds to
the first digit dialled by the calling subscriber,
and raises its wipers (not shown) opposite the
desired level of bank contacts and rotates them
in search of an idle thousands selector In the
called office. Levels two, three, and five, for ex-
ample, are seleoted when calls are to be extended
to local automatic offices #2, #3, and #5. If
the call originated at substation A is a local call,
the first digit dialled is the digit 8, resulting in
the office selector OS—I extending the calling
line to an idle local thousands selector, such as
the thousands selector MS.

The thousands selector MS, has access to the

10

15

40

70

groups of hundreds selectors and if the second 76



10

15

2,167,710

digit dialled.is the digit 4, the call is extended
to one of the hundred selectors HS—I by way
of the fourth level of the thousands selector MS.
The hundreds selectors in the group containing
the selector HS—{ have access in eommon to ten
groups of connectors, one of which is the group
containing the connector C—1., Assuming that
the third digit dialled by the calling subscriber
is the digit 1, the hundreds selector HS—I ex-
tends the calling line to the connector C—Ii,
which is one of the connectors in the hundreds
group 841.

Each of the connectors in the group including
connector C—|} have access to one-hundred sub-
scriber lines, one of which is the line of substa-

“tion A. If the two final digits of a number
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dialled after the connector C—i{ has been
reached are “6” and “1”, the line of substation

A is the one selected as the number of ‘this line:

is 84161, as indicated.

From the foregoing description of the trunk-
ihg layout in office #8 of the central office area,
it will be understood that the trunking arrange-
ment used is the standard and well known trunk-
ing system laid out according to the numbering
system commonly used in exchanges utilizing the
step-by-step Strowger switches.

The toll thousands selector TMS. is one of a
group of selectors provided in office #8 for han-
dling incoming calls to office #8 from the cen-

tral office. This selector has access to ten groups -

of toll-hundreds selectors, of which the toli-

hundreds selector THS is representative of the

fourth group. The various levels of the toll-
hundreds selector have access to connectors
which- are provided solely for the completion of
toll calls and also to combination toll and local
connectors. The connector C—I1 is one of the
combination toll and local connectors. The ar-
rangement discussed is well known, the trunking
system through which calls are extended from
toll lines to called subscribers’ lines being what
is commonly referred to as a toll service trunk-
ing system.

Outgoing toll calls from office #8 are originated
by the subscribers responsive to the dialling of
the digit “0”. The office selectors, such as
0OS—1, are provided with trunks extending from
the tenth level thereof to the central office toil
board, one of which is the trunk T{ extending
by way of the trunk circuit TC to the combined
line and recording circuit CLR, associated with
the central office toll board.

An automatic toll board is employed at the
central office and'is represented by the rectangles
PE-—i and PE-—2. The position equipment
PE—{ terminates at one end in a finder switch,
such as F—{, and at the other end in a toll first
selector, such as TFS—2. The finder P—Ii re-
ceives calls over toll lines, such as toll line TL—I,
and extends them to an inward operator’s posi-
tion, such as PE—I. The universal operator’s
position equipment represented by the rectangle
PE—2 terminates at one end in a finder switch,
such as finder P—2 and in the other end in a toll
first selector, such as TFS—I. The finder F—2
receives calls from the local manual offices in the
central office area, such as represented by office
#4, over trunk lines, such as T—2, from an A
operator at the local manual office switchboard.
The local manual switchboards are not arranged
for CLR service, in that a call is not extended
to toll direct from this trunk, but the calling
subscriber is called back by the CLR operator
(universal operator) over trunk line T—3 and

-and the finder P—2.

3

the call indicator equipment. An attempt is then
made immediately to extend the call through to
the desired toll line.

completed through the A-operator’s position is
released. The universal operator at position
PE—2 also receives calls from the local auto-
matic offices by way of trunk lines, such as T—I
These calls are extended
from the local automatic offices by way of the
tenth level of the office selector in the various
automatic offices in the central office exchange
ares. :

The toll first selector TFS—I, in common with
other toll first selectors, has access to toll line se-
lectors, such as TLS—I, which toll line selectors
have access by way of trunks such as trunk T—4
to various toll lines, such as TL—{. On another

_of its levels, toll ﬁrst selector TFS—1i has access

to toll office selectors, such as TOS—{, which
toll office selectors have access to groups of
trunks extending to various local offices in the
central office exchange area by way of trunk cir-
cuits, such as TC—i and TC—2. One of these
trunk circuits, reached from the fourth level of
the selector TOS—I extends to the call indicator,
or B-operator’s position at the local manual
office #4, by way of the trunk line T—3. An-
other of these trunk circuits, reached from the
eighth level of the selector TOS-—I extends to
the incoming toll thousand selector TMS in the
local automatic oﬂice #8, by way of the trunk
line T—8.

On another of its levels, toll first selector
TFS—1 has access to toll line selectors, such as
TLS—2, which toll line selectors have access to
the automatic or dial toll lines, such as TT—2.
The connections over toll trunk line TL—2 are
completed by way of toll line TL—4 referred to
in the above-menticned Wicks application. The
toll line selector TLS—2 is a level hunting selec-~
tor, and adjacent levels are assigned to the group
of toll lines extending to a given exchange. On
a call to any one of the exchanges accessible to
the selector TLS-—2, the wipers of the selector
are directed to the lowest level in which toll lines
are accessible, and if all the lines accessible in
the selected level are busy, the selector is auto-
matically given an additional vertical movement
to bring it into association with one or more of
the higher levels in the group of lines until the
level reached is one in which an idle toll line is
availgble. It is to be noted that the digit 4 is

As is the usual practice.
in this type of service, the original connection -
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transmitted to the toll first selector TFS—{ to

cause it to select a selector in the group represent-
ed by the toll line selector TLS—2. If the digit
6 is then dialled, the call is directed by way of
one of the levels §-8, inclusive, to select an idle
trunk line extending to the distant office by way
of toll line TL—2.

Each toll line TL—2 is provided with an in-
coming selector, such as TFS—4, in order that
incoming toll calls to the central office area can
be handled automatically responsive to the voice
frequency impulses received over the toll line
in use. A group of selectors, such as selectors

TFS—4, are assigned to the toll lines, such as -

TL—2, and the banks of these selectors are con-
nected in multiple with the toll first selectors,
such as TFS—{, TFS—2, and TFS—3, whereby
digits received over these toll lines have the same
trunking effect as digits received from the cen-
tral office inward operators’ positions, such as
PE—1{ and the universal operators’ positions,
such as PE—2,
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4

It should be noted that the first level of the

right-hand (lower) bank of the finder F—2 is.

set aside and connected directly to the toll first
selectors, such as TFS—3. The trunks in this
level are provided to enable the universal oper-
ators to make delay calls. Toll calls to certain
towns or calls which cannot be immediately com-
pleted by one of the CLR operators are handled
by the delayed method. Tickets for such calls
are passed from the CLR operators to the so-
called point-to-point operators. The point-to-
point and CLR operators’ positions are exactly
alike, except that each point-to-point position is
cquipped with a delayed call key which is nor-
mally operated. However, each CLR operator’s
position is also provided with a delayed call key
and a CLR operator can, by operating her de-
layed .call key, make such delayed calls. There-
fore, the CLR and point-to-point positions can
be changed from one to the other class of service
to meetathe traffic being handled by means of
the delayed call keys. )

The transfer selectors, such as selector TS,
are accessible from the ninth level of the toll first
selectors TFS—I{ to 4, inclusive, and are provided
to enable the gperators at either the inward or
universal positions to transfer a call from one
position to any other position by dialling the digit
9 plus the called position number. This opera-
tion applies particularly to an incoming toll call
for 'a particular universal operator, which call
is reesived via toll line TL—I at an inward oper-
ator’s position and is then forwarded to the

called universal operator’s position. The inter-

position transfer circuits, such as ITC—{ and
ITC—2, are accessible from various levels of the
trunk selector, such as TS, and are provided for
starting a finder at a selected operator’s position,
in operation in tte well known manner.

Attention is called to the fact that the impulse
repeater IR—2, the tone-unit TU—2, and the
voice current repem‘er VCR, which are connected
in the toll line TL—2, are exactly the same. as
those disclosed in the above-mentioned Wicks
application. . Since this equipment forms no part
of this invention it has merely been shown to
more clearly explain the connections between the
central office and the distant office By way of toll
line TL~-2.

For the purpose of enabling the operators at
the inward and universal positions to set up calls
rapidly, a group of register senders is provided,
of which the register sender RS is one. For the
purpose of controlling these registers and asso-
ciating them with the sender links over which
their impulses are to be delivered, each operator
{s provided with two sender links, as indicated
at SL—I and SL—2 for inward position PE—I
and SL—3 and SI.—4 for universal position PE—
2. 'The digit-keys at each of the operators’ posi-
tions may be connected interchangeably to either
of the two links associated with each position,
the choice of the sender links being automatic, as
will be pointed out later.

The sender link SL—I{ has link finder LF—1
assoclated therewith, for connecting th_e Sender
link SI—I to the finders, such as F—Ii'common
to the operator’s position. The sender selector
SS—I, associated with the link SL—3 has access
to the register sender RS and to other register
senders, all of which are provided for the com-
mon use of all the operators. The sender links
SL—2, SL—3, and SL—4#4 are similarly provided
with link finders LF-—2, LF—3, and LF—4, re-

2,167,710

spectively, together with sender selectors SS—-—Z
SS—38, and SS—4, respectively.

General description of draivings

The trunking arrangement as disclosed in Fig.
1 having been described, further attention is
directed to the circuit drawings shown in Figs.
2 to 24, inclusive:

Fig. 2 shows the toll line circuit TLC. inter-
posed between the two-way toll line TI~—f-of
Fig. 1 and the flnder bank terminals 297 and
the multiples thereof, of finder switch Fl shown
in Fig. 6. This trunk circuit serves as a terminus
for the trunk T—4 from the bank terminals 2715
of selector TLS—I, Figs. 1 and 9, and multiples
thereof in the banks of other selectors. The
common start conductor 286 which extends to the
distributor shown in Fig. 2, is also multipled to
the level marking bank of the finder switch of
Fig. 6 to mark the particular level in which the
finder may find the calling toll line circuit. All
incoming calls over toll line TL—I are answered
by an inward operator;

Fig. 3 shows the combined line and recording
trunk CLR Interposed between the two-conduc-
tor trunk T—I incoming from the tenth Ilevel
of the office selector OS—I and the trunk circuit
TC in the local automatic office #8, and the
finder switch bank terminals 860 of the finder
F—1 of Fig. 6, (F—2 of Fig. 1), and the multiples
thereof in the banks of other similar finders.
Incoming calls received over this trunk line are
handled by the CLR operator at a universal posi-
tion of the switchboard. Since the finder
switches F—I and F—2 together with the inward
operator’s equipment and the universal opera-
tor’s equipment are similar, except for slight
modifications that will be pointed out herein-
after, only one finder switch F—I, Fig. 6, and
only one operator’s position equipment PE—I
has been shown, in order to simplify the circuit
diagram as much as possible. The common start
conductor 313 is connected to the start relay of
the distributor circuit shown in Fig. 12 and is
multipled to the level marking bank of the finder
switch of Fig. 6 and connected to the particular
level of which the finder can find the calling
trunk T—1;

Fig. 4 shows a manual recording trunk circuit
MR, interposed between the two-conductor trunk
T—2, incoming from a local manual exchange
#4 in the central office area and the bank termi-
nals 460 of the finder F—1{ of Fig. 6 (F—2 of Fig.
1), and the multiples thereof in the banks of
other similar finders. The start conductor 445
is connected to the start relay of the distributor
in Fig.- 12 and multipled to the level marking

‘bank of the finder F—1{ to mark the level in the

finder bank in which the manual recording trunk
can be found;

Fig. 5 shows an inter-position transfer circuit
ITC—2 interposed between the banks of the
transfer-selector TS of Figs. 1 and 9 and the
banks of the finder switch F—I of Fig. 6 (F—2
of Fig. 1) and the multiples thereof in the banks
of other finders. The inter-position transfer cir-
cuit is provided to enable a toll operator at one
position to transfer a call to an operator at any
other toll position. The common start conductor
524 is connected directly to the level marking
bank of the finder FP—I of Fig. 6 (F—2 of Fig. 1),
to mark the first level in the bank to enable the
finder to find the calling inter-position transfer
circuit. The emergency start conductor 515 is
provided so that the finder will start immediately
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regardless of the condition of the distributor
circuit of Fig. 12; .

Fig. 6 shows a finder F—I1, associated with the
position equipment of Figs. 11, 13, and 14. The
finder switch is of the vertical and rotary Strow-

ger type, having wipers which are moved fArst.

in a vertical direction and then in a rotary direc-
tion to find the contacts of the calling line. The
wipers 618 of the finder are shown in the left-
hand side of Fig. 6. Since in the present embodi-
ment of this invention a finder of 200 line capac-
ity is being used, the switch is provided with two
complete sets of wipers, the wipers —1, 41, Ci,
and EC{, forming one set of wipers, and the
wipers —2, 42, C2, and EC2, forming the second
set. The set of wipers used in a connection being
determined by the operation of the relay 610 or
628 over s circuit including one of the test wipers
(Ci or C2) and the marking potential of the
calling line. The finder circuit is provided with
a talking key Kl and a monitoring key K2, and
is connected directly through contacts of the
monitoring key to an associated toll first selec-
tor TPFS—I{ of Fig. 7. The toll first selector
TFS—I of Pig. T is individually associated with
the finder. The trunk conductors associating the
finder F—1{ with the toll first selector TFS-1 of
Fig. 7, are multipled to the banks of the link
finders such as LF—I and LF—2 of Figs. 15 and
16, respectively. The finder circuits such as Fl
are accessible to toll line circuits TLC of Fig. 2,
to combined line and recording trunk circuits
CLR of Fig. 3, to manual recording trunk circuits
MR of Fig. 4, and by way of the first level of
esch bank, has access to inter-position transfer
circuits ITC—2 of Fig. 5;

Fig. 7 shows a toll first selector TFS—{ which

is directly associated with the finder F—I{ of

Fig. 6. This toll first selector TFS—I is exactly
the same as the other toll first selectors TFS—2,
TFS—3 and TFPS—4 shown in Fig. 1. These
switches have access by way of their multiple
bank contacts to varlous other switches, as is
shown in Fig. 1;

Fig. 8 shows the toll line selector TLS—2 which
is accessible from the fourth level of the toll first
selectors TFS—I to TFS—4, inclusive, and which
has access to the voice frequency toll lines TS—2
by way of repeater IR—2, by way of levels 6, T,
and & of its banks, as shown in Fig. 1;

Pig. 9 shows a toll line selector TFS—{ which
is accessible to the toll first selectors, such as
TFS—1{ to TFS—4, inclusive, and which has ac-
cess to a toll line, such as TL—I, by way of var-
jous levels in its bank, as is shown in Fig. 1. The

transfer selectors TS shown in Fig. 1 which are

accessible from the ninth level of the toll first
selectors, such as TFS—{ to TEFS—A, inclusive,
are the same as the toll line selector TLS—1{ of
Fig. 9, and have access, by way of its bank con-
tacts to inter-position transfer circuits ITS—I
and ITC—2 of Fig. 5, as is shown in the trunking
diagram, Fig. 1;

Fig. 10 shows the toll office selector TOS—I1
which is accessible from. the second level of the
toll first selectors such as TFS—Ii to TFS-—4, in-
clusive, and which has access by way of the
eighth level of its banks and the trunk circuit
TC—2 to inter-office trunk lines extending to
incoming toll thousands selectors, such as the
toll thousand selector TMS in the automatic of-
fice #8, shown in the trunking diagram, Fig. 1.
In addition, the toll office selector TOS has ac-
cess by way of the fourth level of its banks and
the trunk circuit TC—I to trunk lines extending

5

to local manual office #4 call indicator positions.
The trunk circuits TC—! and TC—2 referred to
in Fig. 1 are shown in detail in Pig. 22A and Fig.
22, respectively;

I"igs 11 and 13 together show the operator’s
position equipment and relays which are common,
to all of the finder circuits, such as F—1, at the

same positions which are operatively connected.

thereto one at a time by the operation of the
talking keys of the finder circuits;

Fig, 12 shows the start conductors 1200 (whlch
are joined to the individual start conductors of

‘line circuits such as shown in Figs. 2, 3, and 4, ac-

cording to the finder bank levels through which
these circuits are reached) for controlling the
common start relay 1210, and for guiding the
finders to the proper level as they search for call-
ing lines. Fig. 12 also shows the distributor com-
mon to the various positions of the switchboard
for distributing incoming calls to the varous op-
erators;

Fig. 14 shows the operator’s position keys K-—5
to K—I186, inclusive, which are provided to take
care of the various controlling operations;

Fig. 15 shows the sender link SL—i, together
with the link finder LF-—{i and the sender se-
lector switch 8S—I.  The sender selector switch
SS—1 associates an idle register sender with the
sender link Sl~-{ and the link finder LF—i{ as-
sociates the sender link SL—I with & finder switch
and its associated toll first selector such as F—I
of Fig. 6 and TFS of Fig. 7, respectively. When
tail-to-tail connections are made the operator
can control the link finder LF—I{ to associate the
sender link SL—I with her position equipment

in order to extend a connection by way of the

answering end of the finders;

Fig. 16 shows the sender link SL—2 together
with the associated equipment -including the se-
quence confrol relays and the operator’s digit
keys DK. The sender link SL-—2 is shown by
means of a dotted rectangle and is exactly the
same as the sender link SL—I of Fig. 15. Each
operator’s position has two such sender links
common to the position;

Fig. 17 shows the sender control circuit of the
register sender;

Figs. 18 and 19 show the register controlling re-
lays together with the registers R—I to R—8, in-
clusive, Since the registers R—2 to R—8, in-
clusive, are identical with that shown for regis-
ter R—I{, they have been mdlca.ted by dotted
rectangles,

Fig. 20 shows the interrupter clrcult and the
controlling relays for the sender;

Fig. 21 shows the impulse counter for control-
ling the retransmission of impulses indicative of
the digits set up on the various registers;

Figs. 22 and 22A, which are shown in the same
sheet with Fig. 23, show identical trunk circuits
TC—2 and TC—I, respectively, which are ac-

cessible from different levels of the toll line se-.

lectors, such as TLS of Pig. 10. Trunk circuit
TC—2 is connected in the trunk line T—5 ex-
tending to the automatic exchange #8 and trunk
circuit TC—14 is connected in the trunk line T--3
extending to the manual echange #4, as is shown
in Fig. 1;

Fig. 23, on the same sheet with Figs. 22 and 224,
shows a portion of the repeater R—{ at the local
manual office #4, which is associated with the
call indicator equipment CI—{, as is shown in
Fig. 1;

Fig. 24 shows the remaining portion of the re-
peater R—I1 of Fig. 23 together with the super-
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visory lamps and the plug at the B-operator's
position;

Fig. 26, drawn on the same sheet with Fig. 12,
is a layout dlagram showing how the various
sheets of drawings should be arranged to be best

- understood. .

DETAILED  DESCRIPTION

The disclosure having been described generally,
a detalled description of the operation of the sys-
tem will now be given.. -

Calling from local automatic exchange #8 to toll

In order to describe how connections are com-
Pleted from the toll board at the central office to

an exchange employing a manual toll board, it -

will be assumed that a subscriber in a local auto-
matic exchange in the central office area (for
example, the subscriber at substation A, Fig. 1, of
automatic office #8) desires to converse with a
subscriber reached by way of the trunk line TL—-{
of Fig. 1. c

Calling the central ofiice toll board

. In order to establish a connection with the cen-
tral office toll board, the subscriber at substation
A removes his receiver and thereby obtains con-
nection with an office selector, such as 0S—1, Fig.
1, by way of the finder P—3. When the subscriber
dials the digit 0, assigned to the toll board, the

‘office selector O8—I selects an idle trunk ex-

tending to the toll board by way of a trunk circuit,
such as TC. Assuming that the trunk circuit TC
is the first one found to be idle, this trunk circuiit
is seized, whereupon it passes into a calling con-
dition to extend the call over the trunk R—I to
the toll board by way of the CLR (combined line
and recording) circuit CLR, Pigs. 1 and 3.

In PFig. 3, it will be noted that the inconting
conductors of the trunk T-—I extend to the line
side of the repeating coil 300. Accordingly, when
the calling condition is impressed on the trunk
T—1 by the trunk circuit TC, Fig. 1, (which call-
ing condition is characterized by a ground or
positive potential on the negative conductor and
& negative potential on the positive conductor
of the trunk T—(). Line relay 340 in the circuit
CLR operates, as its two windings (in series with

. the upper winding of supervisory relay 330) are
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connected in series with the conductors of the
trunk. T—I by way of the line windings of the
repeating coil 300. Due to the high resistance of
the upper winding of line relay 340, supervisory
relay 330 does not operate. At armature 341,
line relay 340 places a negative potential on the
C terminal 368 and the multiples thereof by way
of contacts 331 of the supervisory relay 330 and
the lower winding of the cut-off relay 320, shunt-
ing by the circuit including the resistance R-and
the upper winding of cut-off relay 320. This
negative potential marks the line circuit CLR ag
calling in the banks of the finders having access
to it. . :

At armature 342, line relay 340 closes a circuit
for the lower or polarizing winding of the elec-
tro-polarized supervisory relay 8$30. A branch
circuit extends through armatures 332 of su-~
pervisory relay 330, armatures 322 of cut-off relay
320, to the winding of start relay 310. The su-
pervisory relay 330 does not operate at this time
because the current flow in the upper winding of
the relay is opposing the current flow through its
lower winding. The start relay 310 operates, and
at armature 3f! opens a point in the answering

. supervisory circult, while at armature 312 it

Places a ground potential on the common start

2,167,710 ,
conductor 313 to mark the level in the banks of

the finder F—I, Fig. 6, in which the CLR trunk
is connected and to operate the start relay 1210
of Fig. 12. : .

When the common start conductor 313 is
grounded by the operation of start relay 310 the
distributor start relay 1218 operates. At arma-
ture 1211, start relay 12180 completes a circuit
for lighting the answering pilot lamps at the
various operators’ positions. At armature 1212,
start relay 1219 prepares a circuit for grounding
the various start conductors extending to the
various operators’ positions under control of the
distributor relays as will be subsequently de-
scribed. oo -

The finder starting system

. As aboveé mentioned, the start conductor 313
associated with the combined line and recording
trunk CLR, has been grounded by start relay 310
to cause a finder to find the terminals of the
calling line circuit CLR. The finder starting cir-
cuit will now be explained.

Upon referring to Fig. 12, which shows the
common start leads and the distributor, it will be
noted that there are ten start leads, indicated
generally by the reference number 1200 and hav-
ing the numbers | to 10 applied thereto. ‘These
latter numerals indicate the levels of the finders
(Fig. 6) with which the start conductor 2000
are respectively assoclated. Conductors 2 to 9
in group 1200, it will be observed, extend to the
contacts of the bank of vertical wiper 817 of the
finder F—| which are engaged by this wiper when
the main wipers €18 of the finder are opposite
the second to ninth levels, respectively. These
leads are employed to stop the finder opposite the
first calling level reached by the main wipers of
the switch as they move upward in answering a
call, and they are multipled to all of the finders,
as is indicated by the common-connection symbol

-near the contacts of the bank of the vertical wiper

6171. It will be observed that the tenth contact
in the vertical bank of wiper 817 is permanently
grounded so as to stop the finder when the tenth
and final level is reached. This accounts for the
fact that the tenth one of the conductors 1200,
Pig. 12, is not connected with the start leads
extending to the vertical bank of the finder.
Upon referring to Fig. 1, it will be noted that

* the first level of the finders lead to either inter-

position transfer circuits such as ITC—{ or to
the toll first selectors such as TFS—3 over which
delayed calls are voluntarily extended by the
operator, for which reason there is no conductor
in the group 1200 of start conductors associated
with the first level of the finder bank.

All of the line circuits accessible to a given
level of finders all ground the corresponding one
of start leads 1260, Fig. 12, by way of the vari-
ous start leads shown in Figs. 2, 3, and 4.

The common start relay 1210, Fig. 12, upon
energizing responsive to a ground potential on
one of the start conductors (200, at armature
1211 completes a circuit for lighting the answer-
ing pilot light in each of the positions, such as the
pilot lamp 1204, associated with position I. Start

‘relay 1210, at armature 1212 closes a circuit to

the position start conductor of one of the four

. positions that has been preselected by the dis-

tributor, or to the next one to be selected if none
has been preselected. .

The preselection of a position by a distributor
of Fig. 12, takes place in a manner which will now
be pointed out. When the operators are not
engaged in putting through or attending to a
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call, they are preferably instructed to operate
the talking key of an idle finder selector link in
readiness for the arrival of a call.
indicating lamps associated with her finders, an
operator is able to know which finders are in use
and those that are idle. The call, answering, and
busy lamps, 601, 602, and 603, respectively, Fig. 6,
inform the operator at position 1 of the condition
of the finder link composed of the finder F—I,
Fig. 6, and the toll first selector TFS—I, Fig. 7.

Preselecting a finder-selector link

Assuming now that the operator at position
is not engaged and wishes to preselect a finder for
answering a call, and assuming further that the
unlighted condition of the busy lamp 6§03 indi-
cates that the finder F—I, Fig. 6, and the asso-
ciated toll first selector TFS—I, Fig. 7, are not in
use. 'The operator actuates the associated talk-
ing key KI, thereby completing a circuit, at
spring contacts 696, over the associated common
test conductor 604 for the lower winding of con-
necting relay 670. Test conductor 604 is one of the
common conductors contained in cable { (which
is one of the two multipling cables which con-
nect the equipment at position § with the group
of finder selector links assigned to such position).
Upon reference to Fig. 11, it will be observed that
the test conductor 604 is normally grounded at
armature {133 of the normally restored talking
relay 1130.

Upon operating, connecting relay 670 of the
finder P—1 locks itself, by way of armature 679
and springs 695 of the talking key K—I, to hold
conductor 605, which is also contained in cable {.

-Connecting relay 670 at its several armatures,

completes the association between the finder se-
lector link and the position equipment, which
association was partially effected by the opera-
tion of the talking key Ki.

In the operator’s position equipment, Fig. 11,
talking relay (130 now operates over the hold
conductor 605 in the locking circuit of the con-
necting relay 610. Upon operating, talking relay
{130 disconnects ground potential from the test
conductor 604, thereby preventing the inadver-
tent operation of an additional connecting relay,
such as 610, in another finder. At the resting
contacts of armature (311 and (132, talking re-
lay 1130 disconnects the associated talking con-

-ductors from the windings of the repeating coil

RC (used for monitoring purposes) and extends
them to the operator headset equipment by way
of the first contacts of the above-mentioned
armatures. The talking relay 1130 also completes
a circuit from ground at armature 135, conduc-
tor {185, armatures 1351 and 1343, respectively,
conductor 1184, winding of distributor start relay
{176, springs on the delay key K3, o battery.
Distributor start relay (170 operates and pre-
pares a circuit, at armature 117, for the call sig-
nal relays 1140, 1150, and (168; it removes
ground potential from the guard conductor {188
at the resting contact of armature §473; it places
ground potential on the distributor start condue-
tor 1189 at armature £173 and its front contact;
and it connects the position start conductor {187
to start conductor {186 at armature 1172, which
conductor is connected, by way of armature 1334
of the answering pilot relay (340, start conduc-
tor 1302, and cable [, to the preselected finder
link, Figs. 6 and 7.

Assuming the distributor, Fig. 12, to be in the
normal position shown, the application of ground
potential to the distributor start conductor 1189

By means of -

-stored to normal.

4

(which is common to all positions in the group)

results in the consecutive operation of relays-

1240, 250, 1260, and 1270, in which operation the
relays test for the position in which a link has
been preselected. The preselected position (the
position 1) is characterized by the absence of
ground potential on the guard conductor |188.

When distributor relay 1240 responds to the
closure of its circuit from the grounded distribu-
tor start conductor 1189 by way of armatures
1221 and 1231, and their lower windings, it ex-
tends the ground potential applied at armature
1212 by way of armature (244, to the position
start conductor (187; it prepares a circuit at
armature 1243 for the lower winding of relay
{250 associated with position 2, it completes a
circuit for relay 1230 in series with its upper
winding at armature 1242; and at armature 1241
opens the locking circuit for the upper winding
of relay 1278. Relay 1230 operates in series with
the upper winding of relay 1240 and at armature
§231 opens the initial operating circuit for the
lower winding of distributor relay 1230.

In order to complete the description of opera-
tion of the distributor, Pig. 12, it will now be as-
sumed that the finder F—I, Fig. 6, has “cut in”
on the marked vertical bank associated with
wiper 617 and that a relay in the operator’s posi-
tion equipment, Fig. 13, has operated to cause the
release of the distributor start relay 1170, Fig. 11,
as will be described in detail hereinafter. As a
result of the deenergization of distributor start
relay (110, ground is removed from the distribu-
tor start conductor 1189 resulting in the deen-
ergization of relays 1230 and 1240. In addition,
ground potential is placed on the guard conduc-
tor 1188 which has no effect at this time. Ac-
cordingly, the relays of the distributor are re-
On the other hand, if the
operator, for example, at position 4 has her talk-
ing key, similar to key Kl, Fig. 6, in its operated

position, ground from the distributor start relay

associated with that position maintains the lock-
ing circuit for relay 1230 and the upper winding
of relay 1240 preventing their release at this time.
Therefore, when the ground potential is placed
on the guard conductor 1188, as a result of the
deenergization of distributor start relay (170 at
position 1, a circuit is completed by way of arma-
ture {234 and the lower winding of distributor

relay 1250. Relay {250 operates and at arma-.

ture 1252 completes a locking circuit for its upper
winding in series with relay (230, and at the
same time it opens the locking circuit for the
upper winding of distributor relay 1240 at arma-
ture 1251.

Since the operator at position 2 does not have
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a.talking key in its operated position, a ground .

potential is applied to the guard conductor con-
nected to position 2 thereby causing the operation
of the distributor 1261 by way of armature 1253.
Relay 1260 operates and locks itself by way of its
upper winding in series with relay §230, in the
same manner as relays 1240 and {25). Since the
ground potential on the start conductor, position
3, is now connected by way of armature 1263 to
the lower winding of distributor relay {279, relay
1210 operates and locks itself by way of its upper
winding, and armature {272 and armature {24{ in
series with relay 1230. Responsive to the oper-
ation of relay 1270, ground potential is placed
on the position start conductor similar to con-
~ductor 1187 which extends to the operator’s
position equipment of position 4. When the
link finder associated with position 4 cuts in
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on the marked vertical bank level, ground po-
tential will be forwarded by way of the guard
conductor (similar to conductor 1188) armature
1213 to the winding of relay 1220. Responsive to
the operation of relay 1220, series holding circuit
for relay 1230 and the upper winding of (218 is
opened at armature 1221, causing these relays
to release. At armature (213, relay 1270 opens
the initial energizing circuit for relay 1220. Re-
lay 1220, being slow to release, does not fall back
and close the contact of armature 1221 until the
slow-to-release relay 230 has had sufficient time
to fall back. The sequence of operation is now
repeated, testing the various positions until the
position is found at which the operator has oper-
ated her talking key and is in a. position to
answer incoming calls.

Finding the calling line

The finder F—|, Fig. 6, has been preselected as
described hereinbefore. When the assumed call
arrives over the incoming trunk T—I, Fig. 1, and
the combined line and recording trunk CLR, Fig.
3, the grounding of start conductor 313, and the
resuitant actuation of the common start relay
1210 over the corresponding one of the level start
leads 1200, results in the placing of a starting
ground potential, by way of armature {244 of the
distributor relay 1246, on the position start con-
ductor 1181. The ground potential thus placed
on conductor 1187 is extended by way of arma-
ture 1172, conductor {186, armature {344, svart
conductor 1302, in cable |; armature 617 of oper-
ated connecting relay 610 (finder F—I, Fig. 6),
to the winding of the individual start relay 660
and battery.

Start relay 660 operates and completes an en-
ergizing circuit for the upper winding of super-
visory relay 650 at armature 662; it opens a point
in the circuit for the release magnet RLSE at
armature 661; it completes a circuit for the polar-
izing windings of electro-polarized relays 618 and
620 at armature 663, it prepares a supervisory cir-
cuit at armature 664 which circuit includes con-
ductof 606, cable I, armature 1382, and super-
visory relay 13170 of the operator’s position relays,
Fig. 13; and at armature 665 it prepares a cir-
cuit for the supervisory answering lamp 602,
Referring again to the circuit completed at
armature 663, it will be noted that one branch of
the circuit is completed for the polarizing wind-
ing of the electro-polarized switching 2 relay 620;
another branch of the circuit is extended by way
of armature 625 to the polarizing winding of the
electro-polarized switching | relay 610; and a
third branch of the circuit is extended by way of
armature 645, armature 641, and armature 635,
to the winding of the vertical magnet VERT. to
battery. As a result of the application of ground
potential to the last mentioned branch circuit,
the vertical magnet VERT. operates and starts
the vertical movement of the finder in search of
the level in which the calling line is located.
When the vertical magnet VERT. operates it
completes a circuit at armature 698 for the step-
ping relay 640, which relay, upon operating, opens
the initial energizing circuit for the vertical mag-
net at armature 641. Responsive to the opening
of its initial energizing circuit, vertical magnet
VERT. falls back and opens the circuit for the
stepping relay 640 at armature 698. Stepping
relay 630 deenergizes and again closes the ener-
gizing circuit for the vertical magnet VERT. at
armature 641,

The above cycle of operation is repeated until

8,167,710

the vertical wiper 6{T comes into engagement
with the previously grounded vertical bank con-
tact. Since the vertical wiper 617 and the switch
wipers 618 are on the same shaft, the vertical
stepping, under control of the vertical magnet

.VERT, raises the wiper 6/7 and the wipers 618 to

the level of bank contacts in which the called
line is located.

When the wipers of the finder reach the level

containing the calling line, vertical wiper 817 en-
counters ground potential on the associated ver-
tical test or start conductor. Since relay 840 is
reoperated following the operation of the vertical
magnet VERT. which brought the wipers to the
calling level, it Is now locked in its energized posi-
tion over a circuit including the grounded start
conductor of the calling level éngaged by the ver-
tical wiper 6(7, lower winding of change-over
relay 640, armature 833, winding of stepping re-

‘lay 640, and  battery. Change-over relay 630

operates in series with stepping relay 630 over
the above traced circuit. Relay 630 is somewhat
slow to operate and in addition is designed so that
its armature €32 operates first and completes a

-locking circuit for its upper winding as follows:
from ground, upper winding of relay 639, oft nor--

mal springs 845 (closed on the first vertical step
of the switch), overflow springs 646, armature
832, resistance RA, to battery. This locking cir-

cuit is completed before armature 633 opens 1ts

initial energizing circuit including the lower
winding and relay €40. At armature 631 change-
over relay 630 opens a point in the circuit for
release magnet RLSE; prephres a locking circuit
at armature 634 for the electro-polarized switch-
ing relays 680 and 620; and at armature 636
transfers the operating circuit of the vertical
magnet VERT, to the rotary magnet ROT.

Referring again to the locking circuit for the
upper winding of change-over relay 630 it will be
noted that battery through resistance R4 and
armature 632 is now extended by way of armature
676, release answer conductor 608, cable i, wind-
ing of the answering pilot relay 1340, Fig. 13, to
ground. The functions of relay 1340 will be ex-
plained subsequently.

Referring to the above described operation of
relay 630, which resulted in the deenergization of
relay 640, it is to be noted that when relay 640
falls back and closes armature 641 and its rest-
ing contact, that an operating circuit is now com-
pleted for the rotary magnet ROT. The rotary
magnet ROT. operates to advance the wipers
617 and 618 in a rotary direction over the selected
level of the finder bank. The operation of the

‘rotary magnet ROT. is accompanied by the opera-

tion of the stepping relay 640 in the same manner
as was described in connection with the stepping
of the vertical magnet VERT. It may be well to
mention that the vertical wiper 6171 is rotated
out of engagement with the bank of vertical con-
tacts on the first rotary step of the switch.

The rotary movement continues until the wipers
618 come into engagement with the bank termin-
als of the calling line, in this case the terminals
360 shown on the right of the combined line and
recording trunk (CLR), Fig. 3. It will be recalled
that the C lead of the line circuit CLR has a
battery potential placed thereon through the low-
er winding of the cut-off relay 320, armature
331 and armature 341, to mark the line as calling.
Therefore, when the C terminal of the CLR trunk,
Fig. 3, is engaged by either of the wipers C—1{ or
C—-2 of the finder F—I, Fig. 6, a circuit is closed
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the upper test windings of one of the electro-
‘polarized switching relays 610 or 620. The other
end of the circult for these relays being completed
by way of armatures 613 or 623, lower winding of
the supervisory relay 650, to ground at armature
634 of change-over relay 630.

The finder P—{ has two complete sets of
wipers, one set comprising wipers —{, 4-1, Cl, and
ECI, adapted to engage contacts in one set of
banks, and another set of wipers, comprising
wipers —2, +2, C2, and EC2 adapted to engage
contacts in another set of banks. The set of
wipers to be used is determined by & marking
battery potential encountered by the test wiper
C—1 or C—2, when the bank contact of the calling
line is found. Accordingly, if the C—i wiper en-
counters a battery potential in its bank the

switching — | electro-polar relay 610 is operated

and connects up the No. 1 set of wipers, whereas,
if the C—2 wiper encounters a battery potential
switching —2 electro-polar relay 620 is operated
and connects up the No. 2 set of wipers.

For the purpose of this description, it will be .

assumed that the test wiper C—I encounters the
battery potential when the calling line bank con-
tacts are reached and the following circuit is
completed: from battery, lower winding of cut-
off relay 320 of the CLR trunk, Fig. 3, armature
331, armature 341 of the operated line relay 340,
C conductor and bank contact of terminals 360
engaged by the wiper C—1 of the wiper set 618,
Fig. 6, operating winding of the switching —I
elector-polar relay 610, armature 623, lower wind-
ing of supervisory relay 650, armature 634 of the
operated change-over relay 630, to ground.

Upon operating, relay 618 completes an assist-
ing or holding eircuit for its middle winding, at
armature 614 from ground at armature 634, while
at armature 615 it immediately opens the circuit
to the rotary magnet ROT. to terminate the
rotary movement with the wipers 618 in engage-
ment with the terminals 368. At armatures 611
and 612, relay 610 connects up the negative |
(—1) and positive | (41) wipers of wiper set
618; at armature 613 it short circuits the operat-
ing winding of relay 610, thereby connecting the
ground from armature 634 through the lower
winding of the supervisory relay 6§50 and arma-
ture 618, directly to the associated C—I wiper,
thereby placing a guarding potential on the C

lead of the CLR trunk, Fig. 3, in order to guard

the trunk circuit effectively against selzure by
subsequently operated finders, and in order to
afford a direct circuit for the cut-off relay 320
of the CLR trunk, Fig. 3, in series with the super-
visory relay 650, of finder F—{, Fig. 6.

In the CLR trunk, Fig. 3, cut-off relay 320 oper-
ates over the associated C lead when the finder
engages terminals 360. Upon operating, cut-ofl
relay 320 opens the circuit of start relay 310 at
armature 322, and at armature 321 is prepared &
gircuit for shunting the high resistance upper
winding of line relay 330.{_ Start relay 310 subse-
quently falls back and at armature 314 completes
the shunt circuit of the upper winding of relay
340, and at armature 312 removes the starting
ground potential from conductor 313. The above-
traced shunting or by-pass circuit around the
high resistance upper winding of line relay 340
causes the current flow over the conductors of
the trunk T—I to become sufficient to impress 2
holding condition on the trunk circuit TC, Fig. 1,
and to enable the connection to be held from the
central office toll board. Relay 330 does not op-
erate, because the potential over conductors of

o

the trunk T—I is applied in the reverse direction
at the trunk circult TC, Fig. 1, upon seizure,
whereby a positive potential is now applied to the
upper or negative conductor of trunk T—I and
a negative potential is applied to the lower posi-
tive conductor. The current flow in the lower
winding of relay 330 and the current flow in the
upper winding of the relay oppose each other
and thereby prevent the relay from operating at
this time,

In the calling office #8 of Fig. 1, the increased
current flow over the conductors of the trunk
T—I, in addition to the locking up of the con-

10

nection under control of the central office oper- -

ator, causes the application of class tone nor-
mally made upon the seizure of the circuit to be
discontinued after an interval sufficiently long
to enable the central office toll operator to take
note of the class to which the calling line is
assigned. Relay 350 is provided to reopen the
supervisory bridge at the will of the central office
toll operator responsive to a manipulation of her
ring answering key so as to cause the class tone
to be momentarily reapplied in the event that
the operator wishes to hear the class tone again.
The circuit for controlling the reapplication of
class tone ‘to the toll trunk conductor T—I is
brought about by removing the short circuit or
supervisory bridge by operating the start relay
310 from armature 35f or relay 350. Start relay
310 operates over this circuit and opens the shunt
circuit from around the high resistance upper
winding of line relay 340, at armature 311. This
inserts the high resistance upper winding of line
relay 840 in the circuit including the conductors
of the trunk T—1 which causes the necessary
operations in the trunk circuit TC of Fig. 1, to
reapply the class tone to the trunk conductors
of trunk Te1, b i

In the finder P—Ii, Fig. 6, when the switching
—1{ relay 610 operates a circuit is completed from
ground at armature 663, armature 616, normally
closed contacts of the normal post springs NP,
wiper EC1 of the wiper set 618, EC terminal 360
of the CLR trunk, Fig. 3, group identity lamp
2360, to battery. 'The lighting of this lamp over
the above-traced circult indicates to the toll op-
erator the line group or trunk group over which
the call is received, there being a separate one of
these lamps at each operator’s position for each
group of lines through which calls may be re-
ceived.

Referring again to the operation of the change--

over relay 638 of finder P—I, Fig. 6, it was pre-
viously mentioned that the locking circuit for the
upper winding of change-over relay was complet-
ed at armature 632 and that the battery poten-
tial was applied to the release answering con-
ductor 608 by way of armature 676 of the oper-
ated connecting relay 670 and by way of cable
{ to the operator’s position equipment in Fig. 13.
The resistance Ré& included in this circuit is pro-
vided primarily to enable the change-over relay
630 to be shunted and thereby released under
control of the position equipment, Fig. 13. Re-
ferring to the release answering conductor 608,
Fig. 13, it will be noted that the application of
battery to this conductor causes the circuit to
be completed to the answering pilot relay 1340.
When the answering pilot relay 1340 operates, it
opens the previously described circuit for the
distributor start relay 1170, Fig. 11 (closed as
previously described upon the operation of the
talking relay 1130). The distributor start relay
1470 is slow acting, as is indicated, and remains
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energized & short interval after its circuit is
opened. A circuit 1s now completed from ground
at armature 1341 of the operated answering pilot
relay 1340, conductor 1183, armature (171 of
the still operated "distributor start relay 1170,
normally closed contacts of armature (162,
through the winding of the call signal relay 1140,

- to battery. .

When call signal relay {{40 operates, it dis-
connects the operator’s headset equipment from
the tip conductor 1180 and places a ground po-

.tential on the ring conductor {181 and extends
the tip conductor of the operator’s headset to

the common call tone conductor {18! by way of
armature 1141 and normally.closed contacts con-
trolled by armature {142, .A distinctive high
frequency tone is therefore transmitted by way

of the front contact of armature {141, front con-

tact. of armature 1181, through the right-hand

winding of the induction coil I, artificial line re- -

sistance AL, front contact of armature {132, to
ground at armature 1{42. The operator’s re-
celver is associated with the secondary or right-

‘hand windings of the induction coil I in the usual |

ant{-side tone arrangement including the arti-
ficial line AL. ‘

Call signal relay {140 completes a circuit for
signal interrupter relay 11868 at armature 143.
Relay 1180 operates, interrupting the flow of
call tone current at armature 1151, and at the
same time completing a circuit for relay (160
from ground at armature 1152. Relay (160 now
operates and reapplies the call tone current at
armature 1161, at the same time.locking itself
to the grounded conductor ({83 at armature
1162, and in doing so opens the initial energiz-~
ing circuit for the call signal relay {140 at nor-
mally closed contacts controlled by armature
1162.  The call signal relay 1140 restores after
a slighit interval and terminates the two short
applications of the high frequency call tone (com-
monly referred to as a zip-zip tone) to the con-
nected operator. The deenergization of call sig-
nalrelay 1140 again connects the operator’s head-
set to the tip and ring conductors {180 and 1181
at armatures 1141 and (142, respectively, and
opens the energizing circuit for signal interrupter
relay 1150 which subsequently deenergizes and
opens the initial energizing circuit for signal in-
terrupter relay 1160, at armature 1152, However,
signal interrupter relay {160 remains in its ener-
gized position by way of the locking ground on
conductor 1183 until the slow-acting distributor
start relay (170 restores and opens the locking
circuit for relay 1160 at armature 11711,

When distributor start relay 1170 restores, it
disconnects the position start conductor (187
from conductor 186 at armature {172, but this

‘is of no particular concern, because the opera-

tion of the answer pilot relay 1340 applies ground
potential at armature 1344 to the start conductor
1302 to maintain start relay 660 of finder F—I,
Pig. 6, operated. The deenergization of distribu-
tor start relay 1170 also removes ground poten-
tial from the distributor start conductor {189 and
places a ground potential on the guard conductor
{188, - The removal of ground from the distribu-
tor start conductor 1188 permits the release of
relays 1230 and 1240 of the distributor, Fig. 12.
However, if some other operator is maintaining
a ground potential on the distributor start con-
ductor, the above mentioned relays will remain

. operated and the distributor proceeds to pre-

()

select another position.
Upon the termination of the above-mentioned
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 distinctive application of call-signal current to
_the operator's recelver, the operator may con-

verse immediately with the calling subscriber at
substation ‘A of the automatic exchange #8
over the tip and ring conductors 1180 and 181,
armatures (31{ and 1312 of the split answering

relay 1310, tip and ring answering conductors '

653 and 684, cable f, armatures 874 and 6712 of
the operated connecting relay 670, armatures $12
and 811, positive —I and negative —I( (tip and
ring) wipers of the wiper set 618 and the re-
peater 308 in the CLR trunk, Fig. 3, connected
to trunk T—i seized by the calling subscriber.
At this point it may be mentfoned that the finder
F—I being the answering switch, and the toll
first selector TFS—I, Fig. 1, being the calling
switch, conductors and other equipment having
to do particularly with the finder are referred
to as answer conductors, and conductors having
to do particularly with the portion of the con-
nection’to be extended by way of the toll seleg-
tor TPS—I are.referred to as calling conductors.
- 'The subscriber at substation A in the aute-
matic office #8 and the central office toll opey-
ator at- position | may now converse over the

. trunk line T—I, Fig. 1. It may be conveniently

assumed that a subscriber at a distant toll office
is desired and that the toll office is at the dig-
tant end of the trunk line TL—I, Fig. 1.

Upon ascertaining the number (exchange and

‘subscriber’s number) of the wanted subscriber,

the toll operator proceeds to set this number up
on a selected register sender by operating her
digit key DK, Fig. 16. :

Selection of an idle register sender ;

The way in which the automatic selection of
an idle register sender is accomplished will now
be considered. As previously pointed. out, the
operator at position | has two sender links for
her exclusive use, SL—I and SL—2, Pigs. 15

. and 16, respectively. These sender links have

access, by means of link finders LF—I{ and LF—2,
to the plurality of finder selector links at the #1
position, of .which the finder F—I, Fig. 6, and
the toll first selector TFS—I, Fig. 7, is one.
Thesé sender links also have access, by means of
the sender selectors 8S—1.and 88—2, to a group
of register senders provided for the common
of all the operators. '
The sequence control relays (610, {620, and
1630, operate automatically to render the sender
links SL—I, Pig. 15, and the sender link SL—2
effective alternately. ) .
Returning now to the point at which the an-
swering pilot relay (340, Fig. 13, operated re-
sponsive to the operation of the change-over
relay 638 of the finder P—{, Fig. 6. Relay 1340,
upon operating, extends the ground potential ap-
plied to conductor {185 by way of armature (13§
of the talking relay 1138, to the sequence con-

trol relays, by way of armatures 1351, 1343, 1362,

1893, conductor (304, armature (832 of relay
1620, Fig. 16, winding of relay 1610, to bat-
tery. Assuming that the: sequence control re-
lays 1810, 1620, and 1630 are all restored, when
conductor 1304 is grounded the above-traced
circuit is completed for relay 1616. "Relay 1610
thereupon operates and closes a locking circuit

. for itself in series with the left-hand winding

of relay 1620 over the following circuit: battery,
winding of relay 1610, armature 1613, left-hand
winding of relay 1620, normally closed contacts
controlled by armature 1638 of relay 1630, nor-
mally closed contacts of the sender cut-out f
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and 2 keys, key K4, condﬁctor 1190, to ground

-at armature i1i1 of the operated transmitter

10

supply relay 1110. The start or transmitter sup-
ply relay (110 being energized as long as the
operator has her transmitter and receiver
plugged into the illustrated jack provided for
this purpose. Relay (620 (the left-hand wind-
ing of which was included in the holding circuit
of relay 1610) does not operate in this locking
circuit for the time being, since its left-hand
winding is shunted . by the inifial operating

- ground potential applied to relay 1610 by way

15

20

of conductor 1304, o

With the sequence control relay 1610 oper-
ated and sequence control relay 1620 nof oper-
ated, circuits are completed for starting the link

finder LF—1i, Fig. 15, to find the preselected

finder ¥—I, Fig. 6, and for starting the sender
selector switch SS—I, Fig. 15, to find an idle
register sender, as will now be explained.

‘When sequence control relay (610 operates it
closes a circuit from test wiper 15086 of the sender

link SL—I, Fig, 15, normally closed contacts con-.
- grolled by armature 1583, armature 1596, conduc-

tor 1647, armature 1616, armature 1625, con-

ductor 1648, self-interrupting contacts of the
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stepping magnet SSM, winding of stepping mag-
net SSM, to battery. In the event that the regis-
ter sender on which the wipers of the sender se-
lector SS—I are standing is busy, the test con-
ductor, such as test conductor 1507, will be
grounded, and the above circuit is completed
for operating the rotary magnet. The magnet
SSM operates in a buzzer-like manner to ad-
vance the wipers of the sender selector SS—]
until an idle register sender is found.
Simultaneously with the above-described cir-
cuit for the stepping magnet SSM, a test clorc,uit
is also completed, responsive te the operation of
the sequence control relay 1610, for the switch-
ing relay 1590 which will operate in series with

the stepping magnet SSM, as soon as the test -

wiper 1506 encounters an idle register sender.
This circuit may be traced from ground at the
normally closed contacts controlled by armature
{585 of the disconnect relay 1580, Fig. 15, con-
ductor 1644, armature (612 of the operated se-
quence control relay 1610, armature i622, con-
ductor 1643, winding of the switching relay 1590,
self-interrupting contacts of the stepping magnet
8SM, winding of magnet SSM, to battery. It
will be noted that the switching relay 1596 is
shunted by the operating ground for the stepping
magnet SSM as long as the test wiper 1506 of the
sender selector 8S—1{ encounters ground poten-
tial on the associated test conductors. However,
when the idle register sender is found, (for ex-
ample, the register sender shown on Figs. 17 to
21, (inclusive), switching relay 1580 is no longer
shunted by this operating ground potential and
therefore operates in series with the stepping
magnet SSM. Due to the high resistance of
switching relay 1598, stepping magnet SSM will
not operate and the wipers of the sender selector

- §S—1 will be brought to rest in engagement with

the conductors of an idle register sender.

When switching relay 1598 operates, it discon-
nects the test wiper 1506 from the test circuit
and connects it to ground at armature 598,

thereby grounding the test conductor 1507 of -

the seized register sender to mark the register as
engaged. -In addition, switching relay 1590
closes various circuits by way of its armatures
1591—1598 thereby connecting the operator’s
digit keys DK, Fig. 16, to the seized register send-~

11

er and preparing circuits in the sender link SL—I
that will be described hereinafter.

As a further result of the operation of sequence

control relay 1610, an outgoing circuit is com-
pleted for the stepping magnet LFM of the link

finder LF—{ at armature 1611 and a testing cir-

cult is completed at armature 1614 for the switch-.

ing relay 1610 in series with the winding of the
stepping magnet LFM. Attention is called to the
fact that the finders, such as the finder F—I,
Fig. 6, accessible in the banks of the link finders,
such ‘as LF-—{, normally place a ground poten-
tial on test conductors, such as 557, and when a
finder is preselected by the operation of a talk-
ing key, such as key K, the ground potential is
removed from the asscciated test conductor.
Therefore, when the circuit is closed from the test
wiper 1527 of the link finder LF—I through the
winding of the stepping magnet LFM, the ground
potential encountered by the test wiper 1527
causes the stepping magnet LFM to operate in a
buzzer-like manner to advance the wipers 1522
1521, inclusive, of the link finder ILF—I. As is
the case of the switching relay 1590-of the send-
er selector SS—I, the switching relay 1510 of the
link finder LF—I is shunted during the hunting
action of the stepping magnet LFM by the ground
potential encountered by wiper 1521. This step-
ping action of the magnet LFM continues until

‘the wipers arrive on the set of terminals asso-

clated with the link composed of finder F—1{ of

10 -
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PFig. 6 and the toll first selector TFS—I, Fig. 7, .

which finder selector link hds been preselected by
the operation of the talking key Ki. At this
time, the test wiper 1527 does not encounter the
ground potential on the test conductor 1587 and
the switching relay is no longer shunted, permit-
ting it to operate in series with the stepping mag-
net LFM. This circuit may be traced as follows:
ground, armature 1624 of the sequence control
relay 1620, Fig. 16, armature 1614 of the operated
sequence control relay 1610, conductor 1645,
winding of the switching relay 1510, self-inter-
rupting contacts of the stepping magnet LFM,
winding of the stepping magnet LFM, to battery.
Switching relay 1510 operates in series with the
stepping magnet LFM, but stepping magnet LFM
does not operate because of the high resistance on
the switching relay 151@, thus terminating the
stepping action of the link finder LF—{,
Responsive to the operation of the switching
relay 1500 a circuit is ¢ompleted from ground at
armature 1518, test wiper 4527, conductor 1557,
cable 2, armature 675 of the operated connecting
relay 678, out over the C conductor 113 extending
to the toll first selector TFS—I, Fig. 7. In ad-
dition, at armature 1512 ground potential is ap-
plied to wiper 1524 and is extended by way of
conductor 1554, cable 2, to conductor i554 which
is also connected to the C conductor 713 extend-

ing to the toll first selector TFS—I, Fig. 7. By

referring to. Fig. 7 it will be noted that when
ground potential is applied to the C conductor
778 a circuit is completed by way of off-normal
springs 150, and the upper winding of series relay
130, to battery. Series relay 130 of the toll first
selector TFS—I energiZes when the wipers of the
link finder LF—I find the preselected finder se-
lector link of Figs. 6 and 7, but without any par-
ticular effect at this time.

In addition to the above-mentioned circuits
completed by the operation of switching relay
1510, a loop circuit is prepared for operating the
link relay 710 of the toll first selector TFS—I, Fig.
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7 at armature i541; it prepares a delayed puls-
ing and supervisory signal circuit at armature
1513; it prepares a circult for operating the cut-
through relay 880 of Fig. 6, and at armature
ib614; and at armature 1518 it completes a circuit,
from ground at armature 1518, armature (538,
armature 1588 of the operated switching relay
1590, sender f pllot lamp 1500. The sender pilot
lamp 1500 lights when this circuit is completed,
thereby indicating to the operator that she may
now set up the digits of the desired number by
means of the digit keys DK. It will be under-
stood, of course, that the above described oper-
ations are ordinarily completed before the oper-
ator can obtain the necessary number informa-
tion from the calling subscriber, A

Referring again to the circuit completed by the
armature 1516 of switching relay 1510, it will be
noted that a circuit is also completed for relay
18710, which upon operating, completes an oper-
ating circuit for relay {580 and prepares a hold-
ing circuit for disconnect relay 1580 at armature
§872. Upon operating, relay (560 prepares a
locking circuit for relay i8530 at armature 18582,
while at armature 1651 it prepares a circuit which
is held opened, at armature {511, by the opera-
tion of relay i570. The purpose of the last men-
tioned armatures of these two relays is for con-
trolling the automatic ringing circuit, when that
type of service is required, as will be explained
fully hereinafter. : :

The conductors A, B, C, and D coming from

-the operator’s digit keys DK, Pig. 16, are ex-

tended by way of armatures 1881-1594, inclu-
sive, of the switching relay 1590, and wipers
14011504, inclusive, of the sender selector
88—1, to corresponding conductors leading to
the register sender, Figs. 18 and 19.

Referring again to the operation of the
switching relay 1590 of the sender link SL—I,
Fig. 15, which relay operated when the switch
SS—| seized an idle register sender, and con-
nected ground potential to the test wiper 1506.
In the sender control circuit, Fig. 17, test relay
1180 is operated responsive to the application of
ground potential to the test wiper 1506 over the
following circuit: test conductor {507, armature
1711, upper and lower windings of test relay 1730,
to battery. In addition, at armature 1598,
switching relay 1590 a pulsing circuit is com-
pleted from battery at the pulse relay 1520, nor-
mally closed contacts of armature 1551, armature
(5688, wiper 1506 of the sender selector SS—I,
pulsing conductor 1508, extended through Figs.
17, 18, and 20, armature 202, winding of the
delay pulsing relay 2040, to ground. Relays 1520
and 2040 energize over this circuit; pulse relay
i820 completes a loop circuit, at armature 1521,
tor line relay TI0 of the toll first selector
TFS—I, Fig. 7, which circuit will now be traced.
Starting at the winding of line relay 710 of the
toll first selector TFS—I, Fig. 7, the circuit is es
follows: battery, upper winding of line relay Ti10,

armature T4{, negative conductor 111, conductor

1652 of cable 2, negative wiper 1522 of the link
finder LF—I, normally closed contacts con-
trolled by armature (531, armature 1521 of the
pulse relay (520, armature 1511, positive wiper
1523 of the link finder LF—I{, conductor (883,
and cable 2, positive conductor 172, armature 742,
lower winding of line relay 710, to the previously
grounded C conductor 773. Line relay 710 of the
toll first selector TFS—I operates and prepares
the switch for further operations as will be ex-
plained hereinafter. The operation'of the delay
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pulse relay 2048 in series with the puilse relay
§528 disconnects the release ground conductor
i184 and the delay ground counductor 1188,
Since all the registers in the register sender
are duplicates, the registering relays Al, Bi, Ci,
and DI of register R—I only, have been shown.
The registers R—2 to R--8, inclusive, which are
exactly the same as register R—I1, have been
represented by dotted rectangles. Obviously, six
digits can be registered, however, by means of a
reflex circuit, controlled by the operation of the
last register, the registers are provided to be re-

used to register as many digits as desired. This

reflex action of the registers will be described in
detail hereinafter.

Registration of the desired number

As mentioned above, the association of the reg-
ister sender and the finder selector link, by means
of the sender link SL—1{, Pig. 15, causes the
sender { pilot light 1500 to light, thereby inform-
ing the central office tol! operator that she may
start to depress her digit keys DK, Fig. 16, in
accordance with the digits in the desired number.

The wanted subscriber is located in a. distant
office which is accessible to the toll operator at
the central office by way of trunk line TL—I.
At the distant office, the trunk line TL—I ter-
minates in a toll board, from which point the
connection is extended to the desired subscriber
by the distant manual operator. In ordcr for
the tol! operator to extend a connection to the
distant operator over a trunk line TL—I she
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operates her digit keys DK to register the digits

of the number assigned to the distant office in
which the wanted subscriber may be reached.
It will be assumed that the wanted exchange trunk
number is 13 and that the toll operator accord-
ingly depresses the digit keys of her key set DK
to extend the connection. It will be noted that
the four conductors associated with the operator’s
digit keys DK are labeled A, B, C, and D. The
operation of a digit key results in the placing of
ground potential on one or more of these con-
ductors. As an aid in reading the drawings, the
conductors grounded responsive to the operation
of each key have been noted in parentheses above
each key.

As has been previously mentioned, the seizure
of the register sender caused the operation of
test relay 17130, Pig. 17. At armature 1131, relay
1730 applies ground potential to the release con-
ductor 1750. This ground potential extended by
way of armature 1821 of transfer relay 1820, to

.the winding of the register R—1I connecting relay

1890. In addition, the ground potential on con-
ductor 17150 prepares a holding circuit for vari-
ous relays as will be apparent later. Register
R—| connecting relay 1890 operates at armatures
1891—1894 extend the digit registering con-
ductors A, B, C, and D assoclated with the opera-
tor’s key set with the corresponding relays Al,
BI, CI, and DI, respectively, of the register R—I.
The operator may now set up the digits 1 and 3
of the desired exchange trunk number on the
registers by operating the corresponding digit keys
shown at the bottom of Fig. 16.

When the operator depresses the digit key 1 to
set up the first digit, the A and B conductors are
grounded, causing the operation of relays Al and
Bl of register R—{, Fig. 18. Upon operating,
relays Al and Bl complete locking circuits for
themselves at armatures 1818 and 1816, by way
of the upper winding of the transfer relay 1820,
armature (842, and the grounded release con-
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. ducfor 1750. Transfer relay 1820 does not oper-
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ate for the time being, because it is short cir-
cuited by the initial application of ground po-
tential over conductors A and B. As soon as the
depressed digit key | is released, however, the
shunt is removed from around the winding of
relay 1820, and this relay operates in series with
relays Al and B{ of the register R—I.
Transfer relay 1820, upon operating, completes
a locking circuit for itself by way of its lower
winding, armature 1812, armature 182{, and the
grounded release conductor 1780. In addition to
this locking circuit, & branch circuit is also com-
pleted by way of armature (851 and the winding
of register R—2 connecting relay 1885. Relay
1895 operates over this circuit and connects the
key conductors A, B, C, and D, by way of arma-
tures 1896—1899, to register R—2. At the back
contact of armature 182i relay {820 opens the
energizing circuit for the register R—1 conriecting
relay 1890 causing relay 1890 to restore and dis-
connect the key conductors A, B, C, and D from
the register R—I. At armature 1822, relay 1820
completes a circuit from ground at armatures
1825 and 1826 of the operated register relays Al
and Bf, armature 1822, hold conductor 1151,
winding of hold relay 1720, to battery. The
qperations that take place responsive to the opera-
tion of hold relay §120, Fig. 17, will be explained
shortly. It should be noted that the opergtion

of the hold relay is responsive to the registra- -

tion of the first digit of the number, and that the
digit registered will immediately be transmitted
in the form of pulses to the sender link SL—1,
PFig. 15, and retransmitted therefrom to cause the
necessary operations for setting the toll first se-
iector TFS—I, Fig. 7. ‘

Referring again to the operation of the register
R—I (relays Al and Bl) it will be noted that at
armatures 1832 and 1833 and their respective
front contacts a marking ground potential is ap-
plied to conductor I of the marking conductors
1800, which conductors extend to the impulse
counting relays, Fig. 21, Tracing the circuit back
from the armature 1832 of the register Al relay,
it will be found that the armature is grounded by
way of a circuit including armatures 1843, 1873,
conductor 1838, armatures 1923, 1953, 1983, and
the grounded release conductor {7150. The effect
of this marking ground on conductor f of the
marking conductors £808 will be explained in con-
nection with the operation of the impulse count-
ing relays, Fig. 21.

When the operator depresses the digit key 3 of
the digit keys DK to register the second digit of
the trunk number, conductors A and D are
grounded and accordingly cause the operation
of relays A2 and D2, of register R—2 (which
relays are the same as those comprising register
R—1) by way of armatures 1896 and (889 of the

operated register R—2 connecting relay 1895,

Relays A2 and D2, upon operating, lock in series
with the upper winding of the transfer relay 1850,
by way of armature 1872 and the grounded re-
lease conductor {758, Transfer relay {850 re-
mains. short circuited as long as the digit key is
depressed and operates as soon as the key is re-
leased. Transfer relay 1850 completes a locking
cireuit at its lower winding at armature {851, and
at its front contacts, from the grounded release
conductor 750 by way of armature 182{ of the
operated transfer relay [820. In addition, the
locking ground for the lower winding of 1850 is
also extended by way of armatures 1881 of trans-
fer relay 1880, causing the operation of the reg-

13

ister R—38 connecting relay (875. At the back
contact of armature 1851, relay 1850 opens the cir-
cuit of the register R—2 connecting relay 1895,
which relay releases and opens the initial en-
ergizing circuit of the register relays of register
R—2. At armature 1852, of the operated transier
relay 1850, ground is extended from the arma-
tures of the operated register relays A2 and D2

(not shown) to maintain a2 holding ground on

conductor 1715i. Attention is called to the fact
that conductor 3 of the marking conductors {800
is not marked by the application of ground po-
tential thereon due to the fact that relay 1840
has not operated and completed the marking cir-
cuit by way of the front contact of armature
1843. Relay 18408 does not operate until the im-
pulses corresponding to the registration set up
on register R—1{ have been fransmitted with the
operation of the impulse counting relays, Fig. 21.

In the particular connection being described it
is only necessary for the operator to register two
digits to cause the selection of a toll line, such as
TL—I, extending to the distant office toll board.
However, when it is necessary for the operator
to set up the digits of & number made up of more
than six digits, she will continue to operate the
digit keys DK in accordance with that number,
causing the register relays of the registers R3 to
R6, Figs. 18 and 19, to be set up and locked in
their operated position in series with the associ-
ated transfer relays such as 1930 and 1990. Since
only six registers will have been operated under
this assumed condition, the seventh digit will be
registered on the register R—I after the first
registration thereon has been transmitted and
the associated register relays released. This re-
flex action of the register of Figs. 18 and 19 will
now be explained.

In order to describe the reflex sction of the reg-
ister sender of Figs. 18 and 19, it will be assumed
that the toll operator has operated her digit keys
DK to register six digits. When the last register
(R—6) is operated the transfer relay 1990 is
locked up to the grounded release conductor 1750,
by way of armature (991 and its front contact.
In addition, this ground potential is also extended
by way of conductor {838, to the winding of relay
{810 and battery. Relay 1810 operates, and at
armature 1812 it opens the locking circuit for
the lower winding of transfer relay 1820. Since
the first digit registered will have been transmit-
ted by the impulse sender, relay 1820 is prepared
to release because the circuit including its upper
winding is opened responsive to the restoration
of the operated relays of register R—I under con-
trol of the output distributor relay 1848,

When relay 1820 falls back, the locking circuit
for the lower windings of all transfer relays is
opened at armature 1821 and its front contact,
and at the back contact of armature 182( o cir-
cuit is completed from the grounded release con-
ductor 1750 for reoperating the register R—I1 con-
necting relay 1898, In addition, the restoration of
transfer relay 1820 also opens the energizing cir-
cuit of relay (816. Relay §8i0 falls back and
again prepares the locking circuit for the trans-
fer relay at armature (912, This locking circuit,
however, is not completed until the transfer relay
{820 is again operated. Relay {890 operates and
connects the relays of the register R—I to the
control conductors A, B, C, and D in the same
manner as previously explained.

When the locking circuit for the lower winding
of the transfer relays is opened, the transier re-
lays of the registers that have been released under
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control of the assoclated output distributor re-
lays, will immediately restore, and the transfer

relays of the registers that are still operated, re--

maln energized over a circult including the oper-
ated register relay or relays, the upper winding of
the associated transfer relay, and the grounded
release conductor (750. It should be noted that
as soon as the impulse sender transmits impulses
corresponding to the registration .on one of the
operated registers, the associated output control
relay opens the circuit including the upper wind-
ing of the transfer relay and the operated register
relay or relays. Since the locking circuit for the
lower winding has been opened (responsive to de-
energlzation of transfer relay 1820) the transfer
relay will then restore. The remaining registers
and transfer relays will each be restored to nor-
mal in turn. :

At the same time the impulse sender is trans-
mitting impulses corresponding to the registra-
tion on the registers that have not been restored,
the operator can operate her digit keys to register
digits on the restored registers a second time.
The transfer relay (820 (of register R—I) will
operate in series with the operated register relay
or relays in the same manner as previously de-
scribed. The remalning registers can be reoper-
ated in succession and, when the last register is
reoperated, the same cycle of operation can be
repeated. Accordingly, the register sender com-
posed of registers R—I to R—8, inclusive, can
be used to register as many digits as desired.
This arrangement is of particular importance in
& system using tandem dialling.

It may be well to mention at this time that the

" impulse sender, Fig. 21, will lag behind the regis-

ter relays slightly, therefore, a continuous ground
potential is placed on the hold conductor 1751
by operated register relays. When the impulse
sender catches up with the operated registers,
the ground potential is removed from the hold
conductor {751, thereby causing the release of
hold conductor 1720, Fig. 17, in order to delay
further impulse transmission by the impulse
sender until the next register has been operated.

In the event that the operator discovers an
error in her operation of the digit keys, she may
clear out the portion of the number which has
been registered by an operation of the error key
ER. This results In an operation of the error
relay 1360 in the operator’s position equipment,
Fig. 13, by way of conductor {450. Error relay
1360 opens the Initial circuit of sequence control
relay 1610, whereupon relays 1610 and 1620 oper-
ate in series from the grounded conductor {190,
Relay (620 upon operating releases the sender
Iink SL—I and prepares a circuit at armature

1623 for operating relay 1630. The release of the

sender link SI—{ permits the release of the se-
lected register sender equipment and any oper-
ated switches controlled by the register sender.

When the error relay (360 is permitted to restore,”

upon the release of the error key, the sender link
SL—2, Fig. 16, is selzed. When error relay (360
reoperates and closes the circuit at armature
1362, the ground potential applied to conductor
1304 completes the circuit of sequence control

relay 1630, thereby causing the sender link SL—2

to start the link finder LF—2 and the sender se-
lector SS—2 to operate in the same manner as
described in connection with the operation of
sender link SL—I, Fig. 15.

Starting the sender
As mentioned hereinbefore, relay 1720, of the
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sender control circuit, Fig. 17, is operated when
ground potential is applied to hold conductor
{181 by way of armatures of the operated regis-
ter relays, such as Af—BlI of register R—I. Re-
sponsive to the energization of hold relay 1728,
a circuit is completed at armature {721 causing
the operation of start relay (140. Upon operat-
ing, relay 1740 completes a locking circuit for
itself by way of armature 1741, and at the same
time opens its initial energizing circuit. At ar-
mature 1728, hold relay 1728 opens a point in
the circuit of the delay ground conductor 1788,
and at armature 1722 it opens a point in a cir-
cuit which is subsequently used to short circuit
the high resistance upper winding of test relay
(140, At armature (143 relay (140 places a
ground potential on the interrupter start con-
ductor 1752 thereby completing a circuit for in-
terrupter relay 2010, Fig. 20. This ground po-
tential starts the interrupter, comprising relays

. 2010, 2020, and 2030, operating to retransmit the

impulses of the registered digits. Since the re-
transmission of the registéred digits takes place
immediately upon the registration of the first
digit, the registration of succeeding digits con-
tinues while the impulse sender retransmits im-
pulses corresponding to the registered digit on
each register in turn.

Responsive to the operation of the interrupter
relay 2810, a locking circuit is completed for
ftself at armature 2011, and at armature 2012 a
circuit is completed for operating interrupter
relay 2020. Relay 2020 completes an energizing
circuit for interrupter relay 2038 at armature
2021. Upon operating, interrupter relay 2038
opens the initial energizing circult for inter-
rupter relay 2010, at armature 2031, Relay 2018

- falls back and opens the circuit of relay 2020

which relay upon falling back opens the circuit
of relay 2030. Upon falling back relay 2630 again
restores the initial circuit of relay 2010. This
cycle of operation is continued until the inter-
rupter start lead 1752 is no longer grounded.
During the time that the interrupter relay
2020 is operated the series circuit, including the
delay pulse relay 2048 and the pulse relay 1520
of the sender link, Fig. 15, is opened at arma-
ture 2021. The momentary restoration of pulse
relay (820 opens the loop circult of line relay
T10 of the toll first selector TFS—1, Fig. 1.
When the pulse relay 2020 falls back, the series
circuit of the pulse relay 1520 and the delayed
pulse relay 2040 is again completed, thereby clos-
ing the loop circuit of the line relay 710 again
at armature 1521. Furthermore, the first time
interrupter relay 2020 energizes the grounded
release conductor (754 is extended, by way of
armature 2022, conductor 2085, to the winding
of priming relay 2100 and battery. 'The priming
relay 2100, assoclated with the impulse counting
relays 2181-2(10, constituting the impulse count-
er for counting the transmitted impulses and
terminating them when the number transmitted
coincides with the value of the digit registered,
operates and at armature 213/ completes a Jock-
ing circuit for itself by way of armatures 2121—
2130, inclusive, of the above mentioned counting
relays, conductor 2094, armature 2054, conductor
2093, lower winding of counting relay 2101, lock-
ing common conductor 2090, armature 2051, ar-
mature 2082, to the grounded release ground con-
ductor 1754. :
No current flows in the locking circuit of prim-
ing relay 2100 as long as the initial circuit of this
relay remains established, However, when inter-
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rupter relay 2020 restores and thereby termi-
nates the first pulse being dellvered at arma-
ture 2024, counting relay 210{ operstes in series

with priming relay 2108 to connect up the con-

ductor § of the marking conductors {800. Relay
2181 completes a locking circuit for itself at ar-
mature 21{§ from the grounded locking common
conductor 2080. In addition, relay 210§ opens
its initial energizing circuit including the lower
winding at the back contact of armature 2121,
thereby releasing priming relay 2100 and at the
front contact of armature 2121 prepares the cir-
cuit for the second counting relay 2102,

" Since the conductor |, of the marking con-
ductors 1800, is marked by the register R—I,
digit stop relay 2050 energizes over a circuit in-
cluding its lower winding, conductor 2096, and
armature 2{4i. Responsive to the energization
of digit stop relay 2058, a circuit is completed at
armature 2055 to prevent the pulse lead 1508
from being opened by armature 2021 of inter-
rupter relay 2020. This shunting circuit com-
pleted around the circuit through armature 2021
prevents the transmission of a further impuise
(circuit opening) upon the next operation of
the interrupter relay 2020, The impulse consti-
tuting the digit 1 as registered on the register
R—I is accordingly terminated.

In addition to the above-mentioned shunting
circuit for the pulse lead 1508, digit stop relay
2050 locks itself over a circult including its upper
winding, armatures 2053 and 2083, and the
grounded release ground conductor 1754, At ar-
mature 2154, digit stop relay 2050 prepares a
circuit for the distributor control relay 2068; at
armature 2051 and its resting contact it removes
the ground potential from the locking common
conductor 2080, permitting the impulse counting
relay 2101 to release; and at the front contacts
of armature 2051 it extends the grounded release
ground conductor (154 by way of armature 2062,
2051, 2081, to the output control conductor 1975,
The ground potential applied to the output con-
trol conductor 1915 is extended by way of arma-
tures 1981, 1951, and 1921, conductor {833, ar-
matures {871 and 1831, to the winding of relay
{830 and battery. Relay 1838 operates and at
armature 1831 prepares a locking circuit for it~
self in series with output distributor relay 1840.
As long as the ground potential is maintained
on conductor. 1975, the circuit for the output dis-
tributor relay 1840 is shunted by the grounded
release conductor i750. However, when the
ground is removed from the output control con-
ductor 1875, relay (840 energizes in series with

Yelay (830,

Due to the fact that the hold conductor 151
is grounded by operated register relays, start re-
lay {740 maintains a ground potential on the in-
terrupter start ‘conductor 1752, thereby main-
taining the interrupter relays 20108, 2020, and
2030 operating as previously described. There-
fore, upon the next operation of interrupter relay
2020 (there being no impulses transmitted over
the pulse conductor i508 because of the shunt-
ing of interrupter contacts 2021 by priming relay
2108 again operates over the circuit including the
grounded release conductor {754, armature 2022
and conductor 2095. When the interrupter relay
2028 falls back and opens the circuit, priming
relay 2100 completes a locking circuit for itself
in series with the lower winding of distributor
control relay 2060. This locking ecircuit is from
battery, winding of relay 3100, armature 213l,
armatures 2121-2130 of the impulse count-

15

ing relays, conductor 2384, armature 2054, arma-
ture 2064, lower winding of distributor control
relay 2060, to the grounded release ground con-
ductor 1784. It will be noted that this locking
circuit is completed upon the energization of the
priming relay 2100, but due to the fact that the
lower winding of distributor control relay 2060 is
short-circuited by the initial operating ground
for relay 2400, does not operate until the inter-
rupter relay 2020 falls back and removes ground
potential from conductor 2095.

Distributor control relay 2060, upon operating,
locks itself to the grounded release ground con-
ductor 1754 over a circuit including its upper
winding, armature 2063 and armature 2083; it
prepares a circuit for the space stop relay 2070
at armature 2065, to enable this relay to operate
at the end of the predetermined time interval or
digit space between the sending of the first and
second digits; it extends the grounded release
ground conductor 1754 to the locking common
conductor 2080 by way of armatures 2072 and
2061; it opens its initial energizing circuit at the
back contacts of armature 2064, thereby releas-
ing relay 2100; at the front contact of armature
2064 it prepares a new circuit by way of armatures
2074 and 2054 for starting the operation of the
impulse counting relays in order to count a pre-
determined number of operations of the inter-
rupter relay and thereby time the inter-digit
spacing; and at armature 2062 it disconnects
ground potential from the output control con-
ductor 1975. When ground potential is removed
from conductor {875 the winding of the output
distributor relay i840 is no longer shunted and
it operates in series with relay i838. Responsive
to the operation of the output distributor relay
1840, the output control conductor {975 is trans-
ferred to the winding of relay (860 associated
with the output distributor relay 1870. The next
time that the output control conductor 1975 is
grounded, relay (860 'will operate and when the
ground potential is removed, relay 878 will op-
erate in series with relay 1860 in order to con-
nect register R—3 to the marking conductors 1800.
In addition, at armature 1842, relay 1840 opens
the holding circuit for transfer relay 1820 and the
operated register relays of register R—I{. The
operated register relays will restore, but the
transfer relay 1820 remains in its energized po-
sition by way of the lockout circuit including its
lower winding and the grounded release conduc-
tor 1750. The deenergization of the Af and Bl
register R—I relays does not remove ground po-
tential from the holding conductor {154, because
the conductor 115 is not grounded by way of
armature 1852 and lock-up register relays in the
register R—2.

It may be well to mention at this time that if
the operator has not set up the registers of the
second register (R—2) by means of her digit keys
DK, the hold ground from the register relays
would be removed from the hold conductor 1151
by the release of register relays in register R—2
and thereby cause the deenergization of hold re-
lay 1720. Relay 17120, upon falling back, places
a ground potential on the delay ground conduc-
tor 1155 at armature 1723, the function of which
will be explained later.

Referring again to the energization of the out-
put distributor relay 1840, it will be noted that at
armature i843 and its back contact, that ground
potential is removed from the marking conduc-
tors 1800 and transferred by way of the front
contact of this armature and by way of arma-
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tures on operated register relays of register R—2
(which register relays in this case would be relays
A2 and D2, since the digit 3 has been registered
thereon) to ground the conductox: 3 of the mark-
ing conductors (800.

With the digit stop relay 2050 and the distribu-
tor control relay 2080 locked up in their energized
position and with the counting relays 2101-2110
restored, the circuit is now prepared to count the
spacing time between transmission of registered
digits. The next time priming relay 2100 is oper-
ated by the interrupter relay 2028, it energizes
when the circuit is completed at armature 2022
and locks itself up in series with the lower wind-
ing of impulse counting relay 210{ when the in-
terrupter relay 2020 again falls back, over the
following circuit: battery, winding of the priming
relay 2400, armature 2131, armatures 2121—2130
of the impulse counting relay 218{-2110, inclu-
sive, conductor 2094, armature 2054, armature
2064, armature 2074 of the deenergized space stop
relay 2810, conductor 2093, lower winding of im-
pulse counting relay 2101, to the grounded lock-
ing common conductor 20980. The locking com-
mon conductor 2090 being grounded from the
ground release conductor 1184 by way of arma-
ture 2072 and 206f. Relay 2101 completes a
locking circuit for its upper winding by way of
armature 2111 and the grounded locking common
conductor 2090; at armature 2121 it opens its
initial energizing circuit and the locking circuit
for priming relay 2100; and at the front contact
of armature 2121 it prepares a circuit for ener-
gizing the impulsing counting relay 2102, There-

5 fore, the next time priming relay 2100 operates,

it locks itself in series with the lower winding of
the impulse counting relay 2102 when its initial
energizing circuit is opened. Relay 2102 com-
pletes a locking circuit for its upper winding at
armature 2112, it opens the circuit for the prim-
ing relay 2100 at the back contact of armature
2{22 and at the front contact prepares the circuit
for the lower winding of the impulse counting
relay -2103. It will be noted that- the counting
relays complete the testing circuits for the mark-
ing conductors 1800 at armatures 2141, 2142, etc,,
but due to the fact that the digit stop relay 2050
is energized a ground potential encountered on
any one of the marking conductors (800 has no
effect at this time. The succeeding counting re-
lays are operated successively, responsive to suc-
cessive operations of the priming relay 2100, until
the space stop relay 2070 is caused to operate.
The point at which the space stop relay 2070 is

5 operated depends upon the position of the jumper

2180. As shown, jumper 2180 interconnects the
terminal 2186, associated with the space stop relay
2070 by way of conductor 2092 and armature 2065,
and terminal 2183 connected to the upper wind-
ing of counting relay 2104. Under this condition,
when the fourth counting relay 2104 operates and
locks itself to the locking common conductor 2090,
a circuit is closed by way of jumper 2180, con-
ductor 2092, armature 2065 of the operated dis-
tributor control relay 2060, to the lower winding
of space stop relay 2070, Relay 2010 operates and
prepares a circuit for starting the transmission of
impulses for the digit as registered on the register
R—2, Fig. 18. It will be noted that the jumper
2180 may be connected to either of the terminals
2§81 and 2182 if less time is required between
impulse series, and that it may be connected to
either of terminals 2184 and 2188 to increase the
time interval between impulse series.

Upon operating space stop relay 2070 completes

‘relay 2103.

2,167,710

a locking cireuit for its upper winding at arma-
ture 2073, and it prepares a circuit, at armature
2014, for operating the restart relay 2080 upon
the next operation of the priming relay 2100. In
addition, space stop relay 2070 removes the ground

-potential from the locking common conductor

2090 at armature 2072 thereby permitting the
operated counting relays to again restore. With
all of the counting relays 2181-2110, inclusive,

restored, and with the relays 2050, 2080, and 2070 -

operated, upon the next operation of the priming
relay 2100 (by means of armature 2022 on the in-
terrupter. relay 2020) a locking circuit is closed
for the priming relay 2180 (when its initial ener-
gizing circuit is opened) in series with the lower
winding of the restart relay 2088. This locking
circuit may be traced from battery winding of the
priming relay 2100, armature 2131, armatures
2121-2130, conductor 2094, armatures 2054, 2064,

"and 2074 of the operated relays 2080, 2060, and

2070, respectively, armature 2084, lower winding
of restart relay 2080, to the grounded release
ground conductor 1764, Restart relay 2080 com-
pletes a locking circult for its upper winding at
armature 2082 in multiple with armatures 2082,

2062, and 2072 to the grounded release trunk con-’

ductor {154. At armature 2084, restart relay 2080
opens its initial energizing circuit to permit the
priming relay 2100 to restore and at armature

-2081 it opens a point in the circuit for the output

control relays over output control conductor 1878.
At armature 2083, relay 2080 opens the locking
circuit for the relays 2050, 2080, and 2070 to per-
mit all these relays to clear out. When relays
2050, 2060, and 2070 restore they disconnect the

‘grounded release ground conductor (754 from

the upper winding of restart relay 2080 permit-
ting the restart relay 2088 to restore. The shunt
(maintained at armature 2058 by the digit stop
relay 2050) around the impulsing springs 2021
and the interrupter relay 2028 is removed upon
the restoration of the digit stop relay 2050.

With relays 2050, 2060, 2070 and 2080 again
restored, and with impulse counting relays 2101
2110 also in restored condition, the sending appa-
ratus may now transmit and count the impulses
constituting the second digit registered on the
register R—2 by the toll operator.

Since the second digit registered is the digit 3,
three impulses are transmitted at armature 2021
of relay 2020 over the pulse conductor 1508, by
which time two of the counting relays 210f and
2102 have been operated to test the marking con-
ductors | and 2 of the marking conductors 1800,

_ and the locking circuit of priming relay 2100 in-

cludes the lower winding of the third counting
Then, when interrupter relay 2020
falls back to terminate the third transmitted im-
pulse of the series and at the same time opens
the initial circuit for the priming relay 2100,
counting relay 2103 operates in the locking circuit
of relay 2100 and connects up the third conductor
of the marking conductors 1800 to the lower wind-
ing of the digit stop relay 2050. Since the con-
ductor 3 of the marking conductors {800 has been
grounded by means of the register relays of the
register R—2, Fig. 18, digit stop relay 2050 is op-
erated with the same results that have herein-
before been described. However, at this time the
grounding of the output control conductor 1978,
by means of armature 205( of the digit stop relay
2050, completes an energizing circuit for relay
1860. Relay 1860 in turn prepares a circuit for
the output distributor relay (870. When the
ground potential is removed from the output con-
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trol conductor {875 by the subsequent operation
of the distributor control relay 2060, output dis-
‘tributor relay (870 energizes in series with relay
1860 over a circuil including conductor 18386, ar-
mature 1922, and the grounded release conductor
1760. 'The operation of output distributor relay
1870 transfers the marking ground potential from
register R—2 {o register R—3 at armature (873, in
order to prepare for the marking of the conduc-
tors 1800 in accordance with the digits registered
on the register R—3. At atmature i812, output
distributor relay i870 opens the circuit for relays
1830 and 1840, which relays accordingly restore
and by the same action the locking circuit for
the operated register relays of register R—2 is
opened, permitting the register relays to restore
to normal. Transfer relay 1850 remains ener-
gized over the holding circuit including its lower
winding and armature 18561,

In a similar manner the digits registered on
registers R—3 to R—6 are transmitted with suit-
able spacing between the impulse series constitut-
ing the digits.

It will be remembered that the operator at the
toll board was only required to set up two digits
(13) on her digit keys DK, which resulted in the
setting of the registers R—I{ and R—2, Fig. 18.
The impulses, indicative of the digits registered
on these registers and the required spacing time
between the first and second digits, are trans-
mitted under control of the pulsing relay 1520 of
the sender link SL—{. At armature 1521, relay
{520 controls the loop circuit for operating the
toll first selector TFS—I{, Fig. 7, and any subse-
quent switches to be controlled by impulses trans-
mitted from these contacts. After the toll op-
erator has operated the digit keys | and 3 indica-
tive of the trunk number 13, she immediately op-
erates her sender disconnect key as an indication
that no more digits are to follow.

When the sender disconnect key, of the op-
erator’s digit keys DK, is depressed, the sender
disconnect, conductor 1649 is grounded, thereby
causing the operation of disconnect relay 1580.
Responsive to the operation of disconnect relay
1580, a locking circuit is completed for itself by
way of armature 1583 and ground at armature
1512 of the operated relay 1570. In addition, at
armature 1581, relay 1580 opens a point in the
circuit including the cut-in wiper 1526 of the link
finder switch LF—I (this circuit is also opened
at armature 1533) ; at armature 1582 it closes a
multiple circuit for the pulse relay 1520; at the
normally closed contacts controlled by armature
1585, it opens the locking circuit for the switch-
ing relay 1590, while at the front contacts of this
armature a second holding circuit is completed
for switching relay 1510 in series with the step-
ping magnet LFM of the line finder FL—I; and
at armature 1583 it transfers the test conductor
1507 (connected by way of wiper 1806 of the
sender selector SS—1) from the grounded arma-
ture 1596 to the upper winding of relay 1930. The
upper winding of 1530 is now connected by way
of armature (583, wiper 1506, test conductor
1507, armature 1711, both winding of test relay
1130, to battery. The test relay 1730 remains
energized over this circuit, but due to the high
resistance of the upper winding of relay 1730,
relay 1530 will not operate.

Referring now to the deenergization of switch-
ing relay 1590 of the sender selector SS—I, it
will be noted that at armatures I59(-1594, in-
clusive, the operator’s digit keys DK are discon-
nected from the sender switch wipers 1601-1504,

17

inclusive. In addition, relay [84% opens a point
in the pulsing lead circuit at armature 584§,
which circuit is now closed at armature 18532; it
again prepveares the circulf for the stepping mag-
net SSM of the sender selector 85— at armature
1588, (this circuit is now held opened by arma-
ture - 1583 of the disconnect relay {588); it dis-
connects the sender disconnect conductor {49 of
the operator’s digit keys DK at srmature 1597;
and it opens s peoint in the circuit of the sender 1
pilot lamp 1508 at armature 1598, thereby causing
the lamp to be dimmed somewhat because the cir-
cuit now Includes the resistance R-—3. The dim-
ming of the pilot lamp (568, by the insertion of
resistance R3, is an indication to the toll operator
that the impulses from the register sender are
still being transmitted over the pulsing circuit.
Referring again to the operation of output dis-
tributor relay 1870, Fig. 18, attention is called to

the fact that at armature 1872 the circuit for o

holding the transfer relay 1850 energized in series
with register relays A2 and D2 of register D—2
(pperated and locked in this circuit by the opera-
tion of the digit keys by the toll operator) is
opened, thereby causing the operated registers A2
and D2 to fall back and remove the holding
ground, applied by way of armature 1852, from
the hold conductor §751. Since no other registers
have been operated by the manipulation of the
operator’s digit keys DK the hold conductor {7154
is now void of any ground potential and hold
relay {120 restores. Responsive to the deencrgi-
zation of hold relay 1720, ground at armature
1723 is applied to the delay ground conductor
{7155 thereby providing a shunting circuit for the
restart relay 2880, in order to prevent the relay
from operating to restart the impulse counting
relays of Fig. 21. The impulsing circuit over the

10
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30

pulse lead 1508, controlled by armature 2021 of

the interrupter relay 2020, is short circuited at
armature 2055 by the energized digit stop relay
2050. Hold relay 1720 opens a point in the initial
energizing circuit for the start relay 1740 at
armature 1721, and at armature {722 is placed a
short circuit around the high resistance upper
winding of the test relay 17308. This shunting
circuit around the high resistance upper winding
of relay 17130, completed by way of armature 1722
and armature 17142 of relays 1720 and 1740, re-
spectively, permits relay 1530, of the sender link
SL-—I, Fig. 15, to operate in series with the lower
winding of test relay 1730. Test relay 1730 re-
mains in its energized position and relay 1530
completes a locking circuit for itself by way of
its lower winding and armature 1534. At arma-
ture 1531, relay 1530 opens the loop circuit includ-
ing wipers 1522 and 1523, and connects the wind-
ing of loop test relay 1540 to the negative side of
the trunk line by way of negative wiper 1522 of
the link finder LF—I, conductor 1552 and cable
2, and the negative trunk conductor 17{; at
armature 1523 it places battery on the EC conduc-
tor by way of resistance RI, armature 1513,
EC wiper 1535, conductor 1895, and the EC con-
ductor 174; and at armature 1533 it prepares a
circuit for placing ground potential on the cut-
in conductor 1556 in order to operate the cut-
through relay 680 of Fig. 6. At armature {535,
relay 1530 opens the circuit for the sender | pilot
light 508, causing the lamp to become extin-
guished as an indication to the operator that the
digits registered by her have all been trans-
mitted. As a further result of the opening of
the circuit at armature 1535, slow-to-release relay
{570 also deenergizes. After a slight interval
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relay’ I51II falls back and at armature 1812 opens
the circuit for the slow-to-release relay 1560,

which also falls back. In addition to opening the
circuit for slow-to-release relay 1580, armature
1512 opens the locklng circuit for the disconnect

‘relay 1580.

When disconnect relay (880 falls back a circuit
is completed from ground at armature 1681,
armature 1632, armature 15633, armature llll,
cut-in wiper 1526, conductor {586, and cable 2,
through the upper winding of cut-through relay

'680. It should be noted, however, that this circuit

for the cut-through relay 680 is not completed if
loop test relay (640 is operated and the circuit
is open at armature 1642, Cut-through relay ¢80
operates and at armature 685 completes & locking
circuit for itself in series with the call pilot relay .
1350, Fig. 13, as will be described hereinafter.

In addition, relay 1580, upon restoring, opens
the series circuit including relays 1520 and 2040
at armature 1682 and both relays fall back; at

~ armature 1581 it disconnects the upper winding

25
-stepping magnet SSM; and at armature 1588 it

" 30

35

of relay 1580 from the test conductor 1807 thereby

permitting relay 1130 to restore, and by this
same action it again prepares the circuit for the

opens the holding circult for switching relay 1510
and the relay falls back.

The restoration of test relay 1730 removes
ground potential applied to conductors 1780, 1782,
and 1754, thereby releasing operated relays in
Figs. 18—21 inclusive. In addition, relay 1730
opens the locking circult for start relay (140
which relay also falls back.

The busy key BK shown on Fig. 20°is provided
so that a register sender can be made busy in the
banks of the sender selectors, such as 8Sf, Fig. 15,
in case it is necessary to remove the register
equipment from service temporarily. When the
busy key BK, Fig. 20, is operated, ground poten-
tial applied to conductor {164 causes the operator

* to busy relay 1710. At the back contact of arma-
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ture (111, relay 1710 disconnects the test relay
1730 from the test conductor 807, and at the
front contact of armature {711 it applies ground
potential to test conductor {507, thereby prevent-
ing the seizure of the register sender, comprising
Figs. 17 to 21, inclusive, by a sender selector, such
as SS-1, Fig. 15.

Due to the slow release action of relays 1§68 and
1570, relay 1570 will fall back first and close a cir-
cuit at armature 1571 before relay 1560 has had
time to fall back. These relays may be referred
to as the automatic ringing relays and are ar-
ranged to connect battery, by way of resistance
R2, to the positive conductor of the loop circuit,
to cause a relay in the toll line circuit, such as
TILC, Fig. 2, to automatically transmit ringing
current over the toll line TL—I to signal a dis-
tant operator. However, since the call being de-
scribed is being handlied by an operator at a so~
called universal position, at which position the
sender links, such as SL—I, Fig. 15, are not pro-
vided with straps, such as strap 1515, between
terminals 1576 and 1571, the closure of the auto-
matic ringing circuit‘of armatures 1561 and 1574
has no effect at thig time. - The universal toll
operator will- manually -control- the ringing over
the toll line LI by the opération of a ring call
key as will be described hereinafter.

As has been described above, after all the digits
that have been registered on the register sender
have been -transmitted, ground potential applied
to the cut-in ¢anductor 1556 caused the operation
of the cut-through relay 680. Cut-through relay

'§80, upon operatlnz, complefes a locking circuit.

‘by way of its lower winding, armature $8§, arma-
ture $69 of the operated connecting relay l'll, re-
lease call conductor 1388 and cable {, upper wind-
ing of the call-pllot relay 1350, and battery. Re- §
lay 1380 energizes in series with the cut-through -
relay 680. Responsive to the operation of the call-
pilot relay 1388, ground potential {s removed from
the sender control conductor 1384 at armature
1381. When ground is removed from conductor 1o
1384, sequence control relay (828 energizes in
series with relay 1618 over a circuit including the
grounded conductor 1180. At armature 1623, se-
quence relay 1820 prepares a circuit for operat-
ing the sequence control relay 1838, which circuit 3y
is completed when the next call is extended by
the operator. Relay 1820 also opens the various
“controlling circuits for the sender link SL—I, Fig.
15, thereby permitting the sender link SL—I and
the register sender connected thereto to be re- g9
stored to normal. As a further result of the
operation of cut-through relay 680, a multiple
circuit is completed for link busy lamp 603 at
armature 688. Relay 688 also places a direct
ground potential on the C conductor 113 of the gy
associated selector TFS—I; at armatures 681 and
§82 it closes the talking circuit; and at armature
684 it connects the call supervisory lamp §81 to
the EC conductor 714 of the associated selector.

‘When the sender link SL—I, Fig. 15, is cleared g9
out, the wipers of the link finder LF-—1{ are dis- .
connected, and the bridge across the negative and
positive talking conductors of the link shown in
Figs. 6 and 7 is opened.

Operation of the toll first selector TFS—-1 38

The setting up of the connection responsive to
the transmission of the number 13 by the register
sender will now be described.

Referring now to the toll first selector TFS—I, »
Fig. 7, it will be recalled that the C conductor 173
was grounded responsive to the operation of
switching relay (5i{0 of the sender link SL—I,
Fig. 15. The application of ground potential to
the incoming C conductor results in the appli- &
cation or ground potential to the lower terminal
of the lower winding of line relay 710 and in the
operation of series relay 130 whose upper winding
is normally connected to the C conductor through
off-normal contacts 750. Series relay 138 pre- 50
pares a circuit for the vertical magnet VERT.
and also a locking circuit for its lower winding at
armature 732; it opens the circuit of the rotary
magnet ROT. at armature 133; and at armature
131 it connects the C wiper of the wiper set 110 g4
to the lower winding of the electro-polar switch-
ing relay T48.

‘When the pulse relay 1520 of the sender link
SL—I1, Fig. 15, completes the loop circuit at ar-
mature 1521 line relay T10 operates. This cigcult %0
may be traced as follows: battery by way of the:
upper winding of relay 710, Fig. 7, armature 141,
negative talking conductor 171, conductor 1552
and cable 2, negative wiper 1522 of the link flinder
LF—I, normally closed contacts controlled by &
armature 1531, armature 1521 of the operated

- pulse relay 1520, armature 1811 of the operated

switching relay (50, positive wiper 1523, con-
ductor 1553 and cable 2, positive talking con-
ductor 112, armature 142, lower winding of line 7¢
relay 710, to the grounded C conductor 113. Line
relay 110 completes a circuit at armature Tt 1, for

the slow-to-release relay 128, from ground at ar¢
mature T486. Release relay 720 operates over this
circuit and at armature 723 makes an additional ¥
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application of ground potential to the C conductor
713; it opens a point in the circuit of the release
magnet RLSE at the back contact of armature
124, while at the front contact of armature 7124
it prepares a circuit for the lower winding of
series relay 130 and the vertical magnet VERT.;
it energizes the lower or.polarizing winding of
the electro-polar switching relay 140 at armature
122; and at armature 121 it prepares a test circuit
for the upper or operating winding of the elec-

tro-polar switching relay 146. - The switch is now

in a position to respond to impulses delivered by
the pulse relay 1520, Fig. 15.

The response of the automatic switches to the
impulse trains transmitted by the register sender
will now be considered. Returning now to the
point at which the first serles of impulses (in-
terruptions) is transmitted, the circuit of the line
relay 710 is momentarily interrupted by the im-
pulsing contacts 1521 of the pulse relay 1526. It
will be remembered that the operator has set up
the digit 1 as the first registration on the register
sender, therefore, the circuit of the line relay 710
will be opened only one time at impulsing contacts
i521. Since the impulsing contacts i52{ are only
momentarily opened, line relay 710 is deenergized
only momentarily. When line relay T(0 falls
back, a circuit is completed from ground at arma-
ture 146, armature T, armature 724 and its front
contacts, armature 132 of the operated series relay
130, winding of the vertical magnet VERT. to
battery, and a branch of the circuit extending
through the lower winding of the series relay 138,

. to battery. :
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By the operation of the vertical magnet VERT.
the wipers 118, of the toll first selector TFS—I
are raised one step and come to rest opposite the
desired level of the associated bank contactsr It
should' be understood from the foregoing de-
scription that if the circuit of the line relay had
been momentarily interrupted a number of times
by the impulsing contact 1521 of the pulse relay
{520, that the vertical magnet VERT. would
raise the wipers 710 of the selector step by step
until they come to rest opposite the level of the
bank contacts corresponding to the number of
impulses received by the line relay. Off-normal
contacts 751 and 752 prepare circuits for the
rotary magnet ROT. and release magnet RLSE,,
respectively, while off-normal contacts 7688 open
the initial circuit of the upper winding of series
relay 130 so as to enable relay 130 to restore upon
the termination of the series of impulses being
delivered to the vertical magnet VERT., the lower
winding of the relay sufficing to maintain the
relay operated throughout this series of impulses.

‘When series relay 730 restores upon the ter-
mination of the first digit (which in this case is
the digit 1), it disconnects its. own lower - winding
and the vertical magnet VERT. at armature 132,
it extends the test winding of relay 746 to the C
wiper at armature 131, while at armature 7133 it
completes a self-interrupting circuit for the ro-
tary magnet ROT, through off-normal contacts

. 751, armature T{i of the operated line relay 710,

and ground at armature 746 of the electro-polar
switching relay 140. Rotary magnet ROT. now
operates in a buzzer-like manner to rotate the
wipers 710 over the terminals in the selected
level (the first level in this case) in search of an
idle trunk leading to a desired toll line selector,
such as the toll line selector TLS—1{, Figs. 1 and 9.

Operdtion of the toll line selector TLS—1
When an idle selector is reached, which selector

N
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may be assumed to be the selector TLS—I{ of Fig.
9, the test winding (top winding) of the electro-
polarized switching relay 740 of the selector
TFS—I, encounters a negative potential by way
of the C wiper. of the 110 wiper set and the C
conductor 914 of the selector TLS—I, Fig. 9,
which negative potential is obtained through off-
normal contacts 991 and the upper winding of
the vertical series relay 930. To describe the
operating circuit of the electro-polar switching
relay 140 in detail, the battery potential applied
to the C wiper of the 170 wiper set, is extended
by way of the normally closed contacts controlled
by armature 713f, armature 721 of the operated
release relay 720, upper winding of switching re-
lay 740, to the grounded C conductor 113. Upon

. operating, relay 140, at armature 746 opens the

circuit of the rotary magnet ROT. to terminate
the rotary movement of the:'switch, also open-
ing the circuit of the slow-to-release release re-
lay 726. In addition, relay 740 extends the in-
coming EC conductor 774 to the EC wiper of the
716 wiper set; at armature 143 it forwards ground
potential over the C wiper of the 1770 wiper set by
way of the normally closed contacts of armature
131, and by this same action short circuits the
upper or test winding of the switching relay
740; while at armature 745 it completes a ecircuit
for the middle or holding winding to lock the
relay. in its energized position from the incoming
grounded C conductor 773; and at armatures 741
and 742 it disconnects the talking conductors
T17{ and 112 from the line relay 710 and extends
them to the negative and positive wipers of the
770 wiper set. Line relay T{0 now restores and
prepares a circuit for the release magnet RLSE.
at armature T1i. The slow-releasing release relay
120 subsequently restores to normal, opening the
previously shunted test winding (top winding)
of switching relay 740; opens the energizing cir-
cuit of the polarizing winding of relay 640 at
armature 122; and removes the locally applied
ground potential from the incoming C conductor
at armature 723, leaving the conductor grounded
by armature {512 of the switching relay 518,
Fig. 15. .

The toll line selector TLS—{, Fig, 9, having
been selected by the stopping of the wipers 110
on the terminals shown to the left of Fig. 9, to
which the conductors 912-915, inclusive, are con-
nected, vertical series relay 930 is energized over
the grounded C conductor 914 through the off-
normal springs 994 and its upper winding, and the
line relay 910 is energized over the circuit in-
cluding the negative and positive conductors 9§2
and 913, respectively, and the impulsing contacts
1521 of the pulse relay 1520, Fig. 15. Release re-

‘lay 920 operates responsive to the operation of

line relay 910 over the following circuit: ground
at armature 987 of the switching relay 980, ar-

mature 811 of the operated line relay 910, and the -

winding of the slow-releasing release relay 9280,
to battery. Responsive to the operation of series
relay 930, a circuit is completed at armature 932
for operating the sequence relay 940. This cir-
cuit is completed from the grounded C conductor
814, by way of the normal post spring contacts
997, armature 932, and the winding of the se-

. quence relay 940, to battery. In addition, ver-

tical series relay 930 prepares a circuit at arma-
ture 933 for its lower winding in multiple with
the vertical magnet VERT. Responsive to the
operation of release relay 920, a circuit is pre-
pared at armature 921 for the test winding (up-

10

15

30

36

40

45

50

55

60

65

70

per winding) of the electro-polar switching relay 75 -




10

15

85

70

{4

20
988; a circuit is completed at armature 822 for
energizing the polarizing winding of the switch-

ing relay 980; at armature 923 an additional

ground potential is applied to the C conductor
914; and at armature 924 the multiple circuit
for the lower winding of vertical series relay 930
and the vertical magnet VERT. is prepared.

Referring again to the energization of sequence
relay 840, it will be noted that at armature 944
it opens the circuit of the C-wiper of 988 wiper-
set; at armature 842 it completes a multiple cir-
cuit for itself by way of armature 961, which
circuit s independent of the original circuit com-
pleted by way of armature 932; at armature 843
it disconnects BC wiper of the 880 wiper set from
the operating winding of the group busy relay
970; and at armature 944 prepares a point in
the circuit for the rotary magnet ROT. With
relays 810, 920, 830, and 948 operated, the toll
line selector TLS—I is prepared for further
operation.

The toll lines accesstble to the toll line selector
TLS—1| are in relatively small groups. When a
group of trunk lines assigned to a particular level
accessible to the selector TLS—I are sufficient in
number to utilize the entire level, one-digit num-
bers are required to raise the wipers of the switch
to the selected level and the switch automatically
rotates to find an idle toll line in the selected
level. However, it may be advisable when the
trunk groups are particularly small to assign two
or more groups of trunks to a single level. In
which case, two-digit numbers-are assigned to

~each trunk group in which two or more groups

of trunks may appear in a single level of bank
contacts. When two~digit numbers are required
to select a particular group of trunks in a single
level, the first digit will raise the wipers of the
switch to the particular level, and the second
digit will directively operate the wipers of the
switch to the first trunk in the selected group
and the wipers will then automatically rotate over
the trunk lines in the selected group to find the
first idle one. Since the trunk group in which
the call being described requires an entire level
of the toll first selector TLS—I, only a single
digit is required to select an idle trunk in the
group. Therefore, the operation of the switch
when controlled by a single digit will now be de-
scribed.

When the second digit registered (digit 3) is
transmitted, the pulse relay 1520, Fig. 15,is deener-
gized momentarily three times, and momentarily
opens the loop circuit of the line relay 910 three
times under control of the impulse springs 1521.
Vertical magnet VERT. Fig. 9, responds each
time the line relay 910 momentarily falls back
and closes the back contact of armature 911. The
lower winding of slow-releasing vertical series re-
lay 830 maintains the relay operated after the
upper winding has been disconnected at off-nor-
mal contacts 891 upon the first vertical step of
the switch. Off normal contacts 992 and 993 also
are closed on the first vertical step of the switch
to prepare the circuit for the release magnet
RLSE. and the rotary magnet ROT. In response
to the three impulses transmitted to the line re-
lay 910 wiper set 990 are raised step by step
until they are opposite the third level of the
associated bank contacts.

At the end of the series of impulses, vertical
series relay 930 restores and opens the initial
energizing circuit of sequence relay 940 at arma-
ture 932. However, relay 940 remains operated
by way of its locking circuit including armature
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942, armature $61, normal post spring contacts
991, and the grounded C conductor 944.

Since the trunk group over which the call being
described 1s to be extended requires only a single
digit to cause the selector TLS—I to select the
first idle trunk in the group, the normal post
spring contacts 997 are opened when the wipers
990 are raised to the third level (these contacts
are opened only at levels assigned to trunk groups
reached by a single digit) and remain closed on
all levels in which trunk groups are selected by
a two-digit number,

Therefore, normal post spring contacts 997
open the locking circuit of the sequence relay
940. Relays 940 deenergizes and prepares a cir-
cuit for the rotary magnet ROT. at armature 944.
Sequence relay 940 also connects the test winding
of the electro-polarized group busy relay 918 to
the BC wiper of the wiper set 980; it opens the
circuit of the rotary series relay 950 at the front
contact of armature 944; and at armature 941
connects the C wiper of the 880 wiper set to the
test winding (top winding) of the electro-polar-
ized switching relay 980. :

As soon as the sequence relay 940 falls bac
and closes the back contacts of armature 844, a
self-interrupting circuit is completed for the
rotary magnet ROT. over the following circuit;
from ground, armature 987 of the switching relay
980, armature 811 of the operated line relay 8148,
closed contacts of the off-normal springs 993,
self-interrupting contacts 996 of the rotary mag-
net ROT., armature 944, normally closed contacts
controlled by armature 984, winding of the rotary
magnet ROT. to battery. The rotary magnet
operates in buzzer-like manner and rotates the
wipers 890 across the bank contacts of the de-
sired toll line group.

Assuming now that the toll line TL—I, Figs. 1
and 2, is idle when the wipers 890 arrive on termi-
nals 2718 in the bank associated with the toll
selector TLS—1 in the selected level. When wiper
C of the 990 wiper set engages the bank terminal
215 to which C conductor 2718 is connected, the
electro-polarized switching relay 980 will energize
over the following circuit: battery, winding of
cut-off relay 290 of Fig.2,armature 283, armature
248, C conductor 218 of the terminal set 218, wiper
C of the 890 wiper set, Fig. 9, armatures 971,
965, 951, 941, normally closed contacts controlled
by armature 831, armature 921 of the operated
release relay 920, test winding (top winding) of
the electro-polarized switching relay 980, to the
grounded C conductor 8(4. Upon operating,
switching relay 980 terminates the rotary move-
ment of the wipers by opening the automatic
stepping circuit for the rotary magnet ROT. at
armature 981, and by this same action opens the
energizing circuit of the slow-releasing relay 920;
it completes a holding or locking circuit for its
middle winding at armature 986 from the
grounded C conductor 814; it disconnects the
busy control wiper BC from the group-busy re-
lay 970 at armature 985; it extends the incoming
EC conductor 915 to the EC wiper of the 998
wiper set at armature 984; it applies a direct
ground potential to the C wiper of the 890 wiper
set at armature 983; and it transfers the incom-
ing negative and positive conductors 812 and 913,
respectively, from the windings of the line relay
910, to the negative and positive wipers of the
wiper set 990 at armatures 981 and 982, respective-
ly. It will be noted that the grounding of the
C wiper and consequently the C conductor 278 of
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cuit, Fig. 2, from being seized by other toll line
selectors, such as TLS—I. The same ground
potential from armature 983 also places a shunt
around the test winding of the switching relay
§80. However, switching relay 980 remains in its
energized position by means of the locking circuit
including its middle winding.

Line relay 910 now restores and closes a point
in the circuit for release magnet RLSE. The toll
line selector TLS—I{ is held in its operated posi-
tion by the ground potential supplied over the C
conductor 914 from the preceding toll first selec-
tor TFS—I, Fig. 7.

Operation of the toll-line circuit TLC

In the toll line circuit TLC, Fig. 2, the cut-off

reiay 290 is energized over the above-iraced cir-

cuit including the C conductor 278. At armafure
293, relay 290 extends the grounded C conductor

218 to the C terminal 297 and multiples thereof -

in the banks of the finder switches, such as the
finder switch F—I1, Fig. 6, thereby busying this
toll line circuit to any other switches having ac-
cess to it. In addition, relay 290 opens a point
in the start circuit at armature 295, and at arma-
ture 294 it opens a point in the circuit through
which the start relay 280 becomes locked locally
in an incoming call, thereby preparing the start
relay for the transmission of supervisory pulses
over the EC conductor 2718. It is to be noted that
the EC conductor 279 now extends through the
lower winding of start relay 288 to open contacts,
while the negative and positive conductors 276
and 217, respectively, extend to ground potential
by way of the windings of the pad control relay
920, the negative conductor by way of the upper
winding of retard coil 250, lower winding of
guard relay 240, and the winding of pad control
relay 220 to ground, while the positive conductor
2771 extends by way of the lower winding of the
retard coil 250, armature 244, winding of the ring
relay 230, and the pad control relay 220 to ground.
This is the condition under which the calling loop
tests “dry”

Loop-test

Referring to the sender link SL—I{, Fig. 15, it
will be remembered that relay 1530 was operated
after the last digit registered on the register
equipment had been transmitted. The operation
of relay {530 results in the talking conductors be-
ing tested for a “dry” loop.

When relay 1530 operates, it connects ground
potential through the winding of the loop test
relay 1540 and armature 1531 to the negative

talking conductor in order to test for a negative -

potential. In the above described connection, the
negative and positive talking conductors have
been extended to ground through the winding of
the pad control relay 220, Fig. 2. Therefore, the
loop test relay does not operate.

However, if the line relay of toll first selector
TFS—1, Fig. 7, or toll line selector TLS—i, Fig. 9,
is still bridged across the talking conductors, the
negative talking conductor will have a negative
battery potential applied to it through the wind-
ing of the connected line relay. When this con-
dition occurs, loop test relay 1540 energizes in
series with the connected line relay, and at arma-
ture 1542 prevents the cut-in conductor from he-
ing grounded. - Cut-through relay 680 is accord-
ingly prevented froin operating and the associated
switch train cannot be connected to the finder
F—I, Fig. 6. In addition, at armature 1543
ground potential is applied to the winding of re-
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lay i870 to prevent its release and also to light
the sender i pilot lamp 1500. The operator is
informed of the incomplete connection and re-
stores her talking key K1, thereby releasing the
sender link SL—I, Fig. 15, and the operated

. switches controlled by the register sender equip-

ment.

Referring again to the sender link SL—{, Fig. .

18, it will be remembered that after all the digits

have been sent out by the pulse relay 520 of the-

sender link equipment and the cut-through relay
§80 of the finder Fl, Fig. 6, has been operated,
that the call-pilot relay (530, Fig. 13, locked In
series with the lower winding of cut-through re-
lay 680 and the closed contacts of armature 669
of the connecting relay 870. Responsive to the
above operations, the sender control relays of
Fig. 16 were operated causing the sender link
SL—1|, Fig. 15, to be disconnected (released). In
addition the sequence confrol relays, Fig. 16, pre-
pared the sender link SI-2, Fig. 16, for opera-
tion. Purthermore, it will be remembered that
the sender | pilot lamp {500 was lighted when the
sender link SL—I was connected to the register
sender equipment, that the sender pilot lamp was

- dimmed during the transmission of the impulses

by the register sender equipment, and that when
these impulses were completely transmitted the

sender [ pilof light 1500 was extinguished.

Manual ringing

* When the toll operator is informed by the ex-

tinguishing of the sender 0 pilot lamp 1500, Fig.
15, that the connection has been set up to a toll
line of the desired group (foll line circuit TLC,
Fig. 2), she momentarily operates her non-lock=-
ing ring call key E—13, thereby causing the fol-
lowing operation. When the operator throws the
ring call key K—I3 a circuit is cempleted at con-
tacts 1422 for operating the spilit call relay 1320,
Fig. 13. At armatures 1321 and (322, split-call
relay 1320 extends the tip and ring call conduc-
tors 656 and 658, respectively, to contacts 1421
and §420, respectively, of the ring call key K—I3.
‘Therefore, when contacts (421 of the key B—I[3
is closed, & momentary ring-control pulse is trans-
mitted from the negative pole of exchange battery
through the resistance R1, contact 1421 of key
K—13, conductor 1446, armature §132{ of the op-
erated split-call relay 320, conductor 656 and
cable i, armature 818 of the operated connect
relay 610, armature 682 of the operated cut-
through relay 680 to the positive talking con-
ductor 112. At the same time this application of
negative potential to the positive talking con-
ductor takes place, it is o be noted that ground
potential is impressed on the negative talking
conductor by way of contacts {420 of key K—1i83,
conductor {447, armature i322 of the operated
split-call relay 1328, conductor 855 and cable 1,
armature §7{ of the operated connect relay 618,
armature 681 of the operated connect relay 683,
to the negative talking conductor 17i. This lat-
ter condition prevents any possibility of an un-
desired operation of the guard relay 248 over the
negative talking conductor by induction through
the condenser associated with the switchboard
windings of repeating coil 200.

In the toll line circuit TLC, Fig. 2, the momen-
tary ring control pulse (the described momen-
tary application of negative potential to the pos-
itive talking conductor) results in the operation
of ringing relay 280 through the lower winding
of retard coil 248 and armature 244 of relay 240.
Upon operating, ringing relay 230 applies ring-
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ing current of the chosen frequency to the toll
line TL—{ from the common ringing lead 296
in order to signal the operator in the distant ex-
change, to which the toll ine TL—I extends.

Controlling the toll line pad

It 18 common practice to provide a so-called
pad at each exchange terminal of a repeatered
toll line, such as the pad 214. This pad is com-
posed of two serles, center-tapped resistors and a
shunt resistor connected between the center taps
in series with an insulating condenser. As is well
understood, the purpose of a pad is two-fold: it
introduces a definite loss when the toll line is
connected through the exchange to a subscriber
line, which loss is not present when the toll line
is interconnected with another toll line, whereby
the transmission level is more nearly uniform
independent of the length of the toll connection
built up, and introduces a necessary circuit loss
which tends -to balance the artificial line net-
work at the repeater nearest the exchange regard-
less of the transmission characteristics of the local
line.

When the toll line TL—I, Fig. 2, is in use and
cut-off relay 290 is therefore operated, a circuit
is closed at armature 291 by way of armature 221
of the pad control relay 228 through the winding
of the pad cut-off relay 210 to battery. This pad
cut-off relay 210 operates unless the pad control
relay 220 is operated to prevent the operation of
the pad cut-out relay. The pad control relay 220
is operated from the switchboard extension of the
toll line over a simplex circuit, provided there is a
connection made to the talking conductors con-
nected to the toll line. Each of the circuits used
for connecting the toll line with a local line is pro-
vided with a 44,000 ohm center path resistor
through which the current is applied for operat-
ing the pad control relay. One of these pad con-
trol resistors is connected with the switchboard
windings of the repeating coil 308 of circuit CLR,
Fig.3. The current which flows through pad con-
trol relay 220 and supplied through one of the
center-tapped resistors above mentioned is in-
sufficient to operate the guard and ringing relays
240 and 230, respectively, neither of which is as
sensitive as the pad control relay and each of
which receives only one half the.current which
flows through the pad control relay 220.

The toll operator may actuate the cut-off an-
swering key K—3§ to disconnect the answering
end of the connection while she is talking over
the toll line TL—I, if desired. Likewise, she may
actuate the cut-off call relay K—I38 if she desires
to converse ovVer the answering end of the con-

‘nection without being overheard over the calling

end of the connection.

It is to be noted that a 44,000 ohm pad-control
resistor is connected with the position talking
conductors 1180 and (181 to supply a battery po-
tential to the answering and calling end of the
connection while the position talking conductors
are connected thereto. This connection insures
that the toll line pad is inserted while the toll
operator is conversing over the toll line.

When the operator operates her ring call key
K—13 and the split-call relay (320 operates, the
tip and ring call conductors-656 and 655, respec-
tively, are disconnected from the position talking
conductors {180 and 1181, respectively, to prevent
the battery potential through the 44,000-ohm
pad-control resistor 2 from being connected to the
tip and ring. call conductors 656 and 655, respec-

tively. Accordingly, the pad control relay 220
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is not operated at this time. It is to be noted
that the pad cut-out relay 214, Fig. 2, is operated
from ground at armature 291 of the operated
cut-off relay 280. ' At armatures 211, 212, and 2183,
pad cut-out relay 2{0 disconnects the pad 214
from the talking conductors of the trunk. The
ringing current is now transmitted over the toll
line TL—{ by way of the repeating coil 208, there-
by resignalling the operator at the distant end of
toll line TL—I.

The toll operator at the central office operates
the key K—I3 only momentarily, therefore, the
ring control pulse, transmitted over the positive
conductor of the trunk, only causes a momentary
operation of ring relay 230. In addition, the spiit
call relay 1320, Fig. 13, again connects the tip and
ring call conductors 658 and 658, respectively, to
the position talking conductors (188 and (81,
respectively, of the operator’s telephone set. Bat-
tery potential through the 44,000-ohm pad-con-
trol resistor, is again connected across the tip and

" ring call conductors 656 and 888, respectively, by

way of the closed contacts of armatures 1321 and
1322 of the deenergized split call relay 1320. When
this occurs, the pad control relay 220 of the toll
line circuit, Fig. 2, is energized over this simplex
circuit as described above. At armature 221, pad
control relay 220 opens the circuit of pad cut-out
relay 210 which immediately falls back. Respon-
sive to the deenergization of pad cut-out relay 218,
the pad 214 Is again connected to the talking con-
ductors of the trunk. The above-described pad
circuit of the pad control relay 220 insures that
the toll line pad 214 is inserted while the toll oper-
ator is conversing over the toll line.

In the event that the first application of ring-
ing current transmitted over the toll line TI.—I
is not successful in securing a response from the
distant operator, the toll operator may again
cause ringing current to be transmitted over the
toll line by momentarily actuating her ring-call
key K—I[3 again. The pad control relay 220 will
deenergize due to the operation of the split call
relay 1320 and the pad cut-out relay 210 will again
operate to remove the pad 2{4 from the toll line
while the ringing current is being transmitted.

When the distant operator responds, she may
converse with the originating operator (the cen-
tral office toll operator) who informs the distant
operator of the number of the wanted subscriber.
The distant operator completes the connection in

the usual manner and when the central office toll

operator hears the wanted subscriber answer the

‘call, she stamps the toll ticket to indicate the

starting time of the conversation between the
calling and the called subscribers.

The central office toll operator now restores her
talking key KI to normal, thereby opening the
holding circuit for the connecting relay 678 at
contacts 695; opening the initial energizing cir-
cuit of the connecting relay 670 at contacts 696;
and at the normally open contact 894 disconnects
the call supervisory pilot lamp 681 from the FL
conductor 1358 and connects it to exchange bat-
tery by way of the normally closed contact §84.

‘When the connect relay 670 falls back, talking
relay 1130 in the operator’s position equipment,
Fig. 11, also restores. Responsive to the deener-
gization of the connecting relay 670, the talking
conductors of the calling subscriber are extended
to the called subscriber through the normally
closed contacts controlled by armatures 672 and
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phone circuit from the calllng and ealled lines.
At armature 876, connecting relay §78 discon-

nects the battery potential, applied by way of

resistance R4 and armature 632 of the operated
change-over relay 630 from the release answering
conductor 608, thereby causing the release of the
answering pilot relay (340, Fig. 13; at armature
8171 it opens the circuit of the start relay 660; and
at armature 669 it opens a point in the circuit
over the release call conductor 1355 for the cail
pilot relay (350. It will be noted that the call
pilot relay 1350 was energized in series with the
lower winding of the cut-through relay 680, how-
ever, the cut-through relay remains locked up in
the circuit including the resistance RS and bat-
tery by way of armature 685 and relay (350 falls
back. Start relay 660, upon falling back opens
the circuit for the upper winding of supervisory
relay 650 at armature 662. At armature 661,
start relay 660 prepares a point in the circuit for
the release magnet RLSE.; it disconnects ground
potential from the polarizing windings of the
electro-polar relays 6i0 and 620 and by this same
action causes the calling trunk group identity
lamp 880 of the CLR trunk, Fig, 3, to be extin-
guished. At armatures 864 and 665, start relay
860 transfers the answering supervisory lamp
§02 from the control of the relay 1370 in the
operator’s position relays Fig. 13, to the lower
winding of the supervisory relay 650 and the C—1
conductor of the wipers (8. Relay 850 remains
energized in series with the lower winding of
cut-off relay 320, Fig. 3. . )

Responsive to the deenergization of talking re-
lay 1§30 In the operator’s position, Fig. 5, and
answering pilot relay £330, call pilot relay {358,
and supervisory relay {3710 of the operator’s po-
sitlon relay i3, the operator’s position equipment
is restored to normal and may be used to extend
other incoming calls by way of finder-selector
links, similar to flnder Fi and toll selector
TFS—{ of Figs. 6 and 7, respectively, common to
her position equipment.

It may be well to mention at this time that
after the talking key Ki has restored with the
resulting deenergization of the connecting relay
§78, pad control relay 220 of the toll line circuit
of Fg. 2 is held operated from the 44,000-chm
pad control resistor and battery bridging the
switchboard windings of the repeating coll 300 of
the CLR trunk of Fig. 3. _

Attention is called to the fact that the calling
and the called subscribers may converse with
each other even though the toll operator has not
restored her talking key K to normal. With the
connecting relay 670 operated, the talking con-
ductors of the calling line include the armatures
672 and 874 of the connecting relay 670, ring and
tip answering conductors 654 and €53, respec-
tively, cable I, position talking conductors §18(
and 1180, respectively, armatures 1312 and 13(i,
armatures 1322 and 1321, respectively, ring
and tip call conductors 655 and 656, respectively,
cable §, armatures 871 and 673, armatures 681
and 682, over the negative and positive con-
ductors 17§ and 112, to the toll line circuit of Fig.
2 by way of the toll first selector TFS—I, Fig. 7,
and the foll line selector TLS—I. of Fig. 9.
Therefore, the calling and the called subscribers’
talking circuit is looped by way of the operated
contacts on the connect relay €10 through the
operator’s position relay of PFig. 13, before the
talking key K| is restored to normal position and
after the talking key K| is restored to normal the
talking conductors of the trunk are cut through
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normaslly cliosed contacts controlied by the con-
necting relay €70.

Switchhook supervision from the local automatic
subscriber

Assuming that the local calling subscriber at
substation A, automatic office #8, of Fig. 1, de-
sires to attract the attention of the toll operator
at the central office. The subscriber may do so
by depressing the switchhook momentarily one
or more times. Each time the switchhook is de-

pressed, the trunk circuit TC of Fig. 1, operates

in tke well known manner to reverse the appli-
cation of the potential to the two conductors of
the trunk T-—{, thereby reversing the current
flow through the lower winding of line relay 340
and the upper winding of the electro-polarized
supervisory relay 330 of the CLR trunk, Fig. 3.
Each time the current flow is reversed, electro-
polarized supervisory relay 330 operates to in-
sert the high resistance R in the circuit of the

“cut-off relay 328 and the associated C conductor

extending to terminals 380 of the finder switch
banks, Fig. 6, for the duration of the reversal.
It should be noted that the resistor R and the
resistance of the upper winding of cui-off relay
320 is normally shunted by armatures 331 of the
electro-polarized supervisory relay 330. There-
fore, when relay 330 operates, battery by way of
both windings of the cut-off relay and the re-
sistor R is connected by way of the armature 341
to the C conductor extending to the terminals
360 of switch banks of the finder, Fig. 6, thereby
reducing the current flow sufficiently to cause the

marginally adjusted answering supervisory relay

856 to fall back. Upon restoring, answering su-
pervisory relay 850, Fig. 6, completes a circuit
from ground at armature 834 of the operated
change-over relay 638, armature 652, normally
closed contacts controlied by armature 664 of
the decnergized start relay 668, answering su-
pervisory lamp 682, to batbtery. The dotied
Jumper 683 including the armature §51 shunted
around the lower winding of the marginal super-
visory relay 678 is not used at the CLR or point-
to-point operator’s position (commonly referred
to as universal position) and has no bearing on
the operation of the circuit at this time. When
the current flow over trunk line T—1{ is reversed
back to the direction normally obtained during
conversation, electro-polarized supervisory relay
330 is caused to restore and again shunt the re-
sistance R and upper winding of cut-off relay
320 at armature 33f. When this occurs, the an-
swering supervisory relay operates in series with
the lower winding of the cut-off relay 320 and
opens the circuit for lighting the answering su-
pervisory lamp 692 at armature 652. The oper-
ator may respond to the flashing condition of the
lamp 692 by again actuating the talking key K—I
to bring about the operation of the talking relay
1430, the connecting relay 810, and the start re-
lay 668, to connect her position talking conduec-
tors 1180 and 1§81 to the calling line by way of
tip and ring answering conductors 653 and 654,
respectively. When the operator has answered
the signal and conversed with the calling sub-
scriber, she may again restore the talking key
K—I to permit talking relay (i38, connecting
relay 560, and starting relay 660 to again restore
and disconnect her position talking conductors,
or she may break down the extended connection
and re-extend it in the event that it is found
that the connection has not been completed to
the desired called line.
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_Ring-down supervision from the called toll line

In the event that the operator at the distant
end of the toll line TL—I{ desires to get in touch
with the originating central office toll operator,

s she causes ringing current to be momentarily
" applied to the toll line TL—I, thereby causing
the shaded-pole alternating current ring-up re-
lay 210 to operate and open the normally closed
circuit of the slow-to-release signal relay 260.
The momentary deenergization of the signal re-
lay 260 completes a circuit from ground at arma-
ture 246, armature 261, through the upper wind-
ing of the combined start and recall relay 280.
15 Relay 280 closes a locking circuit for its lower
winding at armature 284 in series with the EC
conductor 218 connected to the toll line selector
bank contacts 215, EC wiper of the wiper set
890 of toll line selector TLS—I of Fig. 9, arma-
2 ture 984 of the operated switching relay 980,
armature 962, EC conductor 915 and bank con-
tact of the preceding toll first selector, EC wiper
of the 110 wiper set of toll first selector TFS—T1,
Fig. 7, armature 744 of the operated switching
relay 140, EC conductor 174, armature 684 of the
b operated cut-through relay 680 of the finder
F—I, Fig. 6, calling supervisory lamp 601, con-
tact 694 of the restored talking key Kli, to bat-
tery. The. calling supervisory lamp 601 becomes
lighted steadily in this locking circuit, including
the lower winding of the combined start and re-
call relay 280, to signal the operator. When the
operator responds by throwing her talking key
K—I, the talking relay (130, connecting relay
™ $70, and start relay 660, together with other re-
lays in the operator’s position relay circuit of
Fig. 13 will operate and connect the position
talking conductors 1180 and (181 to the tip and
ring call conductors 656 and 655, respectively,
extending to the called operator over the toll
40 e TI—I. The disconnection of the calling
supervisory lamp 601 by the operation of the
key K—I opens the locking circuit for the com-
bined start and recall relay 280 which immediate-
ly falls back, and the calling supervisory lamp
48 69| is extinguished.

10

Responsive to the operation of combined start

and recall relay 280, a circuit is completed at
armature 281 for holding the cut-off relay 290
in its energized position, and for maintaining a
ground potential on the C conductor extending
to-the banks of the finder switch, Fig. 6; and at
armature 283 ground potential is applied to the
C conductor of trunk T—4 to busy the trunk in
55 the banks of the selectors, such as toll line se-
lector TLS, Fig. 9. When the operator throws
her key K—I to connect her position talking
conductors to the talking conductors of the
toll line TL—I, the circuit of the calling super-
® visory lamp 601 is transferred from battery at
the normally closed contacts 694 of the key K—I
to the normally open contacts 694 thereby plac-
ing the lower winding of the start and recall
relay 280 and the calling supervisory lamp 601,
in series with the high resistance 1303 and the
winding of relay 1300. The additional resist-
ance of resistor 1303 and the winding of relay
1300 causes the marginally operated holding
70 winding of relay 280 to have insufficient current
to maintain the relay in its operated condition
and the relay restores. When the distant op-
erator has completed her conversation with the
central office toll operator, the central office toll
¥8 operator restores her key K—{ to normal.

2,167,710 .

‘Clearing out the connection

When the conversation has been completed,
the restoration of the receiver at the local call-
ing substation A, Fig. 1, results in the previously
discussed operation of the electro-polarized su-
pervisory relay 338 to insert the resistance R
and the resistance of the upper winding of the
cut-off relay 320 in the C conductor. Answer-
ing supervisory relay 680 of the finder, Fig. 6,
is' thereby restored to light the answering super- 10
visory lamp $02 steadily as a disconnect signal.
The toll operator may now stamp the toll ticket
s0 that the calling subscriber may be charged for .
the completed toll call. In order to clear out
the calling end of the connection, the operator 18
momentarily throws the non-locking release an-
swering key K—8, as will be subsequently de-
scribed.

The distant operator rings on the toll line
TI—I, thereby causing the above-described op- 20
eration of the lighting of the calling supervisory
lamp 6§81, as an indication that the subscriber
at the distant office has replaced his receiver and
the trunk is available for additional calls, the
toll operator at the central office may operate L
her talking key Kl to connect her position talk-
ing conductors 1188 and (181, respectively, to
the talking conductors of the toll line TL—I and
challenge the line, or she may momentarily throw
her release call key K—i{2 to disconnect the 30
calling end of the link, as will be subsequently
described.

Clearing out the calling end of the connection
When the conversation has been completed, 38

" restoration of the receiver at the local calling

substation A of local automatic exchange 8, re-
sults in the previously discussed operation of
the electro-polarized relay 330 to insert the re-
sistance R and the resistance of the upper wind- 40
ing of the cut-off relay 320 in the C lead con-
nected in the banks of the finder switch F—I
of Pg. 6. The answering supervisory relay 680
of the finder F—I of Fig. 6, is thereby restored
to light the answering supervisory lamp 602 45
steadily as a disconnect signal.

It should be understood that when the oper-
ator is releasing a finder such as finder Fl of Fig.
6, that all the talking keys, such as K-I, of
other finders associated with her position must 50
be in normal position while the talking key K—I
of the finder being released must be operated at
the same time that the release-answering key
K—8 is operated, or the talking key K—I| may be
operated prior to and during the time that the 68
release-answering key K—8 is operated. When
the talking key K—I is operated, connect relay
810 is operated from the grounded test conduc-
tor 604 (grounded from armature (133 of the
talking relay 1138, Fig. 11) and locks by way of 8¢
its upper winding in series with the winding of
the talking relay 1180. A further result of the
operation of the connecting relay 670, the tip
and ring answering conductors 653 and 654 are
connected to the position talking conductors 1180 65
and f18{; the change-over relay 630 is held oper-
ated in series with the answering-pilot relay
1340; the start relay 668 is operated from the
grounded start conductor (382 (grounded by the
operation of the answering pilot relay 1340 at 70
armature 1344); and the call pilot relay (350
operates in series with the lower winding of the
cut-through relay $80. Start relay 660 completes
an obvious circult for energizing supervisory
relay §80. ()
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The operator now momentarily operates the
nonlocking release answering key E—8 causing
the operation of the splil answering relay (31§
from the grounded contacts 1408 of key K-—8.
The split answering relay (310 disconmnecis" the
tip and ring snswering conductors 653 and 644,
respectively, from the position talking conductors
1180 and 1181 at armatures i3l and {312 and
by this same action disconnects the tip and ring
answering conductors from the tip and ring call-
ing conductors 656 and 655, respectively, to pre-
vent the operator and the called subscriber from
receiving disagreeable clicks in their receivers
during the relesse action of the switches con-
nected to the calling (answering) end of the
connection. At contacts {408, release answer
key K8 grounds conductor 608 which results
in the shunting down of answering pilot relay 340
and the shunting out of the upper winding of the
change-over relay 630. The locking circuii for
change-over relay 630, which includes ground by
way of its upper winding, off normal springs 635,
overflow springs 648, armature 632, resistance
8, and battery, is short circuited when the re-
lease answering conductor $08 is grounded by
the operation of the key K—8. The call pilot
relay (350 remains operated, however, and when
answering pilot relay 1346 falls back the circuit
completed at armature (343 for operating the
distributor relay is not closed because its circuit
iz opened at armature §35f of the operated call
pilot relay 1380. Thus, additional incoming calls
are prevented from being received and further
operation of the sender control relays is pre-
vented because the sender .confrol conductor
1804 cannot be grounded to select a sender link
as long as the call-pilot relay (350 is maintained
energized.

It will be recalled that the answering super-
visory relay 558 was held in its operated position
from ground at armature 643 of the operated
change-over relay 630 in series with the winding
of the cut-off relay 820 of the CLR trunk, ¥ig. 3,
and that when the additional resistance is placed
in the circuit by the operation of the electro-
polarized supervisory relay 630, the answering
supervisory marginal relay 650 was relessed and
lighted the answering supervisory lamp 682 to
indicate to the toll operator that the calling sub-
scriber has hung up his receiver. Furthermore,
when the operator actuated the talking key K—!§
with the resultant circuit operations which
caused relay 690 to be again operated over its
upper winding, the answering supervisory lamp
602 was extinguished. When answering pilot re-
1ay 1340 deenergizes the ground at armature 1344
is removed and the start relay 660 falls back.
When start relay 660 restores it prepares a cir-
cuit at armature 661
RLSE., it removes ground from the polarizing
winding of the switching relays 610 and 620, and
by this same action removes ground from the
EC—{ wiper of the wiper set 6{8, causing the
trunk identity lamp 360 to become extinguished.

At armature 662, relay 660 opens the energizing

circuit for the upper winding of supervisory re-
lay 650, thereby causing the relay to restore.
Responsive to the deenergization of the change-
over relay 630, the ground at armature 634 is
removed from the middle or holding winding of
the switching | relay 6i0 and from the C—I wiper
of the wiper set 618, permitting relay 610 to re-
store. At armature 631, change-over relay com-
pletes a circuit from ground, armature 63i, arma-
ture 661 of the deenergized start relay 660, off-

for the release magnet.

25
normsl springs 547 (closed when the wiper shalt
of the switch was raised from its normal posi-
tion), winding of release magnet RLSE., to bat-
tery. Respounsive to the operation of the release
magnet RLSE.,, the wipers of the shaft are re-
stored to normal in the well known manner,

When .the release answering key K—8 is re-
stored to normal after the momentary operation,
split answering relay 1310 is restored to normal,
and again connects the tip and ring answering
conductors 653 and 654 to the position talking
conductors 1180 and {{8i, which has no effect
on the circuit at this time, because the calling
end of the connection has been released by the
restoration of the finder ¥—{ of Fig. 6. The
answering pilot relay {340 has been restored as
explained, and the call pilot relay {350 remains
energized in series with the -cut-through relay
§80 a5 long as the talking key K—1{ remains in
its operated position.

In the CLR circuit of Fig. 3, cut-off relay 320
restores when ground potential is removed from
the conductor and at-armature 32§ removes the
shunt around the high resistance upper winding
of line relay 348. The insertion of the high re-
sistance upper winding of the line relay 304 in
the holding bridge across the conductors of the
trunk T—1, gives a disconnect supervision to the
trunk circuit TC, Fig. 1, connected at the distant
end of trunk line T—1f. It is to be noted that
start relay 318 is not operated at this time, be-
cause it is maintained disconnected at armature
332 of the electro-polarized supervisory relay
338, As soon as the usual relay operation has
taken place in the trunk circuit TC, the switches
0S—1| and P—3 (shown in Fig. 1) clear out, and
the conductors of the trunk T—[ are discon-
nected so as to terminate the flow of current
thereover. When this occurs, line relay 348 re-
stores. Supervisory relay 330 restores when its
polarizing circuit is opened at armature 342 by
the deenergization of the line relay 340.

Before clearing out the called end of the con-
nection, responsive to the disconnect signal in-
dicated by the lighting of the call supervisory
lamp 601, lighted by the transmission of ringing
current over the toll line TL—1{ from the distant
operator, as has been described hereinbefore, the
toll operator at the central office toll board may
momentarily project ringing current over the
toll line TL—{ by operating her ring call key
K—1i3, as has previously been discussed. This
will signal the distant operator to give a ring-off
relay.

The clearing out of the called end of the con-
nection will now be discussed. If the called sub-
scriber at the distant toll office has hung up his
receiver and the operator thereat has received a
disconnect signal, she will cause ringing current
to be transmitted over the toll line TL—I and
thereby cause the operation of the ring-up relay
270 of the toll line circuit shown in Fig. 2. The
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operation of the circuit responsive fo the trans-

mission of the ringing current from the distant
operator, ultimately results in the lighting of the
call supervisory lamp 60i, as has been described
hereinbefore. Upon noting the disconnect sig-
nal (the lighting of the call lamp 681) the toll
operator can either talk to the distant operator
or she can assume that the lighting of the call
lamp 60} is a disconnect signal and operate her
release call key E—I12 to restore the called end
of the connection to normal.

The called end of the connection is cleared out
responsive to the momentary operation of the
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non-locking releasing call key K—1{2.. Respon-
sive to the closing of contacts 1419, by the mo-
mentary operation of the call key K—I12, ground
potential is connected, by way of conductor 1348
to the winding of the split call relay 1320, which
relay, upon operating, disconnects the ring and
tip call conductor 655 and 656, respectively, from
the position talking conductors 1180 and (181,
thereby preventing the operator from receiving
disagreeable clicks in her receiver. At contacts
1418, release call key K—I2 connects ground po-
tential by way of conductor 1355 to hold the call
pilot relay #1350 in its energized position, and to
place a shunt around the holding or lower wind-
ing of the cut-through relay 680 of the finder
F—I1, Fig. 6. It should be understood that the
talking key K-—I is operated during the time that
the toll operator is disconnecting the calling and
the called ends of the connection and is restored
after the called end of the connection is released.
Cut-through relay 680 falls back when the hold-
ing or lower winding is shunted, thereby discon-
necting the talking conductors 11i1 and 112 at
armatures 681 and 682; it removes the holding
ground from the C-conductor 113 extending to
the toll first selector TFS—I, Fig. 7, at armature
683, and it disconnects the call supervisory lamp
601 from the EC conductor 174 at armature 684;
and at armature 686 opens the circuit for the link
busy supervisory lamp 6083 to extinguish the lamp
and thereby indicate that the finder F—I, Fig. 6,
is available for additional calls. When the re-
lease call key K—I[2 is restored to normal, the
split call relay 1320 and the call pilot relay {350
are restored to normal.

In the event that the toll operator desires to
clear out the called end of a connection before
she has received a disconnect signal from-the
distant operator, she may first momentarily oper-
ate her ring call key K—I3 to cause ringing cur-
rent to be transmitted over the toll line TL—I as
previously discussed, in order to give the distant
operator a ring-off signal. The toll operator then
operates the release call key K—I2 to release the
equipment as discussed previously.

If the toll operator is not busily engaged at
completing other connections she may leave the
talk key X—I in its operated position in order to
make the finder F—I1, Fig. 6, available for addi-
tional calls. If this is the case, the deenergiza-
tion of the call-pilot relay 1350 results in the re-
operation of the distributdt start relay 1170 by
way of the previously described circuit. ‘The
operation of the distributor start relay (110 re-
moves the busying ground potential from con-
ductor 1{88 to mark the operator’s position idle
at the testing relays of the distributor, Fig. 12,
and places ground potential on the distributor
start conductor 1189 to start the distributor to
connect the operator’s position and selected finder
to an idle register sender by means of an idle
sender link.

Referring now to the toll first selector TFS—I1,
Fig. 7. Responsive to the deenergization of cut-

through relay 680, the electro-polarized switch-

ing relay 140 deenergizes because the locking cir-
cuit for its middle winding is disconnected by the
removal of ground from C conductor 173. Re-
sponsive to the deenergization of switching relay
140, a circuit is closed from ground at armature
746, armature Til of the deenergized line relay
110, armature 124 of the deenergized release relay
120, off normal contacts 152 (closed on the first
vertical step of the switch), winding of release
magnet RLSE,, to battery. The operation of the

2,167,710

release magnet RLSE, results ih the restoration
of the wipers 110 in the well known manner. It
should be noted, however, that at armatures T4
and 742 switching relay T40 opens the circuit of
the negative and positive wipers of wiper set 110,
and at armature 743 removes the ground potential
from the C wiper of the wiper set 710, which sub-
sequently results in the release of the toll line
selector TLS—1, Fig. 9.

In the toll line selector TLS—I, Fig. 9, the
switching relay 980 restores when the preceding
selector (in this case the toll first selector TFS——f,
Fig. 7) removes ground potential from the C con-
ductor 914. Upon restoring, switching relay 980
disconnects the negative, positive, and EC wipers
of the wiper set 990 and removes ground from
the C wiper at armature 983. At armature 987,
switching relay 980 completes an operating cir-
cuit for the release magnet RLSE. by way of
armatures 911 and 924 of the deenergized relays
910 and 920, and off-normal contacts 992. Re-
sponsive to the operation of the release magnet
RLSE., the wiper set 990 of the switch are re-
stored to normal position. .

In the toll line circuit TLC, Fig. 2, the removal
of ground potential from the C conductor 218
by the preceding switch, (the toll line selector
TLS—I, Fig. 9), renders the circuit accessible to
other selectors and permits the cut-off relay 290

to restore and place the circuit in normal condi-
tion.

‘Overflow condition at the toll first selector

The handling of overflow conditions at certain
of the switching stages will be discussed briefly.
In the event that the toll first selector TFS—I,
Fig. 7, is unable to find an idle trunk on a de-
sired level, the rotation of the wipers 110 as
previously described continues until the wipers
have been advanced to the overflow position, one
step beyond the last trunk. Overflow contacts
are provided in the bank of the C wiper of the
wiper set T10 and a meter is preferably connect-
ed to each of these contacts to record the num-
ber of unsuccessful attempts to find an idle
trunk in a group. The upper or test winding of
switching relay 740 is actuated in series with this
meter and operates just as though an idle trunk
were found and applies ground potential to the
C wiper to bring about an effective operation of
the overflow meter. At the same time, overflow
contacts 153 are closed and connect the upper
winding of series relay 130 in the circuit in or-
der to supply an effective source of operating
potential for the test winding of switching re-
lay 140, in the event that the overflow meter is
of high resistance, thereby insuring operation
of relay 740 upon the eleventh rotary step of
the switch wipers. When switching relay 740

by-passes its upper test winding to apply -

ground potential directly to the C wiper, series
relay 130 is operated and at armature 131 alters
the connection of ground potential to the C
wiper from armature 743 to armature 722 of

relay 720. By this arrangement, when release -

relay 120 restores responsive to the operation of
switching relay 740 and the restoration of line
relay 710, ground potential is disconnected from
the C wiper of the 110 wiper set in order to leave
the overflow meter free from subsequent actu-
ations before the selector TFS—I restores. Se-
ries relay 130 remains operated through the up-
per winding of switching relay 740 from ground
on the incoming C conductor 71173.

In addition, overflow contacts 754 connect the
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associated 60-1mpulse a-minute interrupter lead

to the associated EC conductor 174 so as to form .

a characteristic all trunks busy flashing circuit
for the calling supervisory lamp 661 when cut-
through relay 680 operates. The toll first se-
iector TFS—I is cleared out in the hereinbefore
described manner, responsive to the removal of
ground potential from the incoming C conductor
118.

Overflow condition at ithe toll line selecior

Referring now to the toll line selector TLS—{,
Fg. 9, arrangements for handling a group busy
condition at this selector w111 now be pointed
out.

It has been previously explained that the wip-
ers 896 of this selector are advanced step by

step over the toll line of a group in search of .

an idle one, in the event that the first toll line
of a group is busy. When a particular group is
busy, the stepping operation continues until a
final toll line of the particular group is reached.
As indicated by the dotted strap connection 287,

- Fig. 2, the B and C terminals of the last toll line

28

in the group are connected together in order

{0 provide a circuit for operating the group
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busy relay 870 in the event that the last toll
line in a particular group is also busy. When
the last toll line of the group is also busy, the
¢ lead thereof is grounded (for example the C
lead 218 of trunk T—4, Fig. 2), thereby prevent-
ing the switching relay 980 from operating when
the wipers 998 advance to the last trunk in the
group. The test or upper winding of the electro-
polarized group busy relay 978 is energized from
this ground potential on the C conductor 218
and by way of the strap, indicated at 287, the
BC wiper of the 980 wiper set, Fig. 9, armatures
985, 963, 843, of the deenergized relays 980, 960,
and 840, respectively, to the upper or operating
winding of the electro-polarized group busy re-
lay 970. The polarizing winding (lower wind-
ing) of the group busy relay is energized from
the grounded incoming C conductor 8{4. Upon
operating, this busy relay 970 disconnects the
C-wiper of the wiper set 990 to prevent a subse-
quent operation of switching relay 886 while the
wipers are being rotated over toll lines of sub-
sequent groups in the level. By this operation,
it is insured that the self-interrupting circuit of
the rotary magnet to move the wipers step by
step will continue until the wipers are rotated
into the eleventh rotary step position. When
this occurs, overflow contacts 894 operate to in-
sure the actuation of the switching relay 980
to terminate the operation of the rotary magnet
ROT., and to bring about the operation of the
vertical series relay 930 so that the momentary
metering impulse will be delivered as explained
in connection with the toll first selector TFS—I,
also be noted that the over-
flow contacts 995 are closed to connect the 60-
impulse-a-minute interrupter lead to the asso-
ciated incoming EC conductor 915 to produce an
all-trunks busy flashing of the calling super-
visory lamp 601.

This selector is cleared out in the usual man-
ner upon the removal of ground potential from

the incoming C lead 9t4, permitting relays 930,

970, and 980 to restore.

Attention is called to the fact that the upper
or test winding of group busy relay 910 is of
higher resistance than the upper or test winding
of relay 980. Therefore, the upper winding of
the group busy relay 970 has many more turns
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of wire than the upper or test winding of relay
880. Accordingly, in the event that the final toll
line of the group (assuming that all other lines
in the group are busy) is being guarded by a
relay, similar to guard relay 246 of toll line cir-
cuit TLC, Fig. 2, which relay opens the C lead
conductor 218 for this purpose, the current flows
through these two test windings in series upon
the last trunk of the group being encountered,
over the following circuit: battery by way of the
upper winding of group busy relay 970, arma-
tures 933, 963, and 985, of the deenergized relays
840, 960, and 980, respectively, the C wiper of
the 990 wiper set, strap 287 of toll line circuit
TLC, Fig. 2, wiper C in the 3990 wiper sef, arma-
tures 874, 965, 951, 94{, normally closed contacts
controlled by armature 931, armature §2{, up-
per winding of switching relay 888, to the ground-
ed incoming C conductor $i4. The current flow
in this circuit builds up to an operating value
in the winding of relay 970 before it reaches op-
erating value in the upper or test winding
of relay 980. Relay 870 operates quickly and
disconnects relay 9880 before relay 880 has had
time to operate in series with the test winding
of relay 970.

Guarding a defective toll line
In the event that the toll line TL—I is seized

- as previously described and is found to be defec-

tive, the opexator may cause this toll line to be
guarded against further seizure by a toll line
selector, similar to toll line selector TLS—{, Fig.
9, and cause the test desk to be signalled by
throwing the non-locking transfer call key E—{4
while the talking key K-—I is in an operated posi-
tion, By the momentary operation of the trans-
fer call key K—I14, a circuit is completed from
ground springs 1425, for operating the split call
relay 1320 by way of conductor (448. At arma-
tures 1321 and {322 the tip and ring call conduc-
tors 688 and 655 are disconnected from the posi-
tion talking ¢onductors {1806 and {180 and from
the calling sibscriber’s talking conductors 653
and 654, At springs (424 of the key K—1§, bat-
tery potential, by way of resistance RI, conduc-
tor (447, ring call conductor 685, and cable i,
armature 671 of the operated connect relay 676,
and armature 68f of the operated cut-through
relay 680 is connected to negative talking con-
ductor 171, toll first selector TFS—I, Fig. 7, nega-
tive conductor 912 of the toll line selector TLS—I,
Fig. 9, negative conductor 276 of the toll line cir-
cuit, Fig. 2, upper winding of retard coil 250,
lower winding of guard relay 240, and winding of
the pad control relay 220 to ground. Responsive
to the closing of this circuit, the guard relay
240 energizes and locks itself by way of its upper
winding and armature 245, in series with the
lamp 217 at the test panel 216, Guard relay 240
also disconnects the ringing relay 230 at arma-
ture 244; at armature 245 it opens the C lead of
the trunk T—4 to guard against further seizure
of the toll line circuit, Fig. 2, by a toll line se-
lector, such as TLS—I, Fig. 9; at armature 246
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it opens a point in the circuit through which start -

relay 280 is actuated by signal relay 260; and at
armatures 241 and 242 it connects the common
guard tone conductors to the talking conductors
of the toll line TL~—{ to impress a tone on this
toll line which may be heard in the event that
the toll line is seized at the distant end thereof,
to warn an operator who seizes this toll line at
the distant end, that it is defective and should
be similarly guarded at the distant end. When
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the toll line has been repaired, guard relay 249
may be restored by opening its locking circuit at
key K—18 at the test panel 2186, whereupon lamp
211 becomes extinguished.

Calling from toll to local automatic office #8

The operations involved in completing a call
originating in a distant office to a desired sub-
scriber’s line in the central office area will now
be explained. For this purpose it will be assumed
that a subscriber in a distant exchange (inter-
connected by means of toll lines, such as toll line
TL—I) is calling the subscriber at substation A,
Fig. 1, in the automatic office #8 of the central
office area. It will be assumed further that the
call is received over the toll line TL—{ which ter-
minates in the toll line circuit TLC, Fig. 2.

When the toll line TL—{ is seized at the dis-
tant exchange and ringing current is projected
thereover, the shaded pole, alternating current,

ring-up relay 210 is actuated and thereby opens .

the energizing circuit for the slow-releasing sig-
nal relay 260. Upon restoring, relay 260 closes
an energizing circuit for the upper winding of
start relay 280. Start relay 280 completes a lock-
ing circuit for its upper winding from ground at
armature 284, armature 284 of the deenergized
cut-off relay 290, upper winding of start relay
280, to battery. This locking circuit for the start
relay 280 is provided so that the relay will re-
main operated after the ringing current has
ceased and the normally operated signal relay 260
has been permitted to operate again. As a fur-
ther result of this operation, start relay 280
places a ground potential on the C lead of the
branch trunk T—4 at armature 283, to busy the
toll line in the banks of the selectors having ac-
cess to it, and also to remove the idle indicating
battery potential from the winding of the cut-off
relay 290 at the back contacts of armature 283.
At armature 282, start relay 280 connects battery
potential, by way of the winding of cut-off relay
290, to the C conductor extending to the banks
of the finder switch to mark the toll line circuit
of Fig. 2 as the calling line; and at armature 285
applies ground potential to the start conductor
286 to start a finder to search for the calling line.

It will be assumed that an operator at the
switchboard position, indicated in. Fig. 11, has
operated her talking key K—I to select an idle
finder, such as F—I, Fig. 6, and thereby has
marked her position idle in the testing circuit of
the distributor, Fig. 12, and her position has
accordingly been selected by the operation of the
distributor (as. previously described) to respond
to the present call. It should be understood that

incoming toll calls are received at inward posi- .

tions of the toll board. It will, therefore, be
assumed that the equipment being used for this
connectxon is under control of an inward opera-
tor. - Under this condition, the finder F—I, Fig.
6, operates as previously described in search of
the calling toll line circuit.

In the previous description of the finder F—1,
Fig. 6, it was assumed that the set of wipers con-
trolled by the switching | relay 610, namely, the
negative f, positive I, C1, and ECI, wipers of the
wiper set 618 were used in connecting the finder
to the calling line. For the purpose of describing
the operation of switching 2 relay 620, it will be
assumed that the calling line is connected in the
banks accessible to the negative 2, positive 2, C2
and EC2 wipers of the wiper set 618. Therefore,
when these wipers contact the terminals 2917, a
circuit is completed for the test winding of the
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switching 2 relay 628 in series with cut-off relay
290 of the toll line circuit, Fig. 2, over the follow-
ing path; battery at the winding of the cut-off
relay 280, armature 282 of the operated start
relay 280, C terminal 297, C2 wiper of the §/18
wiper set, upper or test winding of the switching

2 electro-polarized relay 620, armature 618, lower

" winding of the supervisory relay 650, armature

634 of the operated change-over relay 630, to

ground. Relay 620 operates and extends the

answering end of the operator’s position' equip-.

ment to the calling toll liine circuit by way of the
No. 2 wipers of the wiper set 618. Relay 620
completes a locking circuit for its middle or hold-
ing winding at armature 624, and at the front
contact of armature 623 completes a shunt
around its upper or test winding so that when
ground is returned on the C2 wiper from the toll
line circuit, this ground is placed directly on the
lower winding of the supervisory relay §50.

In the toll line circuit TLC—I, cut-off relay
280 completes a locking circuit at armature 293
and armature 292, to ground at armature 28{ of
the operated start relay 280. It will be noted that
the ground potential at armature 281 is directly
connected, by way of armature 292, to the C
terminal of the 297 terminals in the bank of the
finder switch and to multiples thereof, to busy
this toll line circuit in the banks of all other
finder switches, similar to finder »—I(. At arma-
ture 291, cut-off relay 290 prepares a circuit for

" the pad cut-out relay 210, the circuit being opened

at armature 22{ by the operation of the pad con-
trol relay 220 in a simplex circuit including the
talking conductors of the trunk and the 44,000~
ohm pad control resistors and battery, bridging
the tip and ring answering conductors 653 and
654 by way of the back contacts of armatures
1311 and 1312 of the split answering relay 1318
in the operator’s position relays, Fig. 13. At
armature 295, cut-off relay 290 opens the start
circuit, and at armature 294 it opens the locking
circuit for the start relay 280 and the relay
restores.

The ground potential now connected to the C2
wiper of the finder F—I, Fig. 6, by way of arma-
ture 634 of the change-over relay 630, lower wind-
ing of supervisory relay 650, armature 723 of the
operated relay 628, and the wiper C2 of the wiper
set 618, is extended by way of C conductor of the
291 terminal set, and armature 293 of the op-
erated cut-off relay 290, over one branch com-
pleting a locking circuit for cut-off relay 290, and

‘'over another branch extending by way of arma-

ture 283 of the deenergized start relay 2808, arma-
ture 245 of the guard relay 240, to the C conductor
218 of the terminal set 215 in the banks of the
toll line selector of Fig. 9 and multiples thereof
to busy the toll line circuit to ail toll line selectors
having access to it. The grounding of the C ter~
minal in the banks of the finder switch also places
a busying ground potential on the multiples of
the C terminals in the banks of all other finder
switches to prevent the toll line circuit, Fig. 2,
from being seized by other finders.

The toll group identity lamp 215 lights when
the wipers of the finder switch engage the ter-
minels 297 to indicate the toll group over which
the call is received, there being a separate one
of these lamps at each operator’s position for each
group of toll lines from which calls may be re-
ceived at these positions.

The toll operator receives the call tone (com-
monly referred to as zip-zip tone) responsive to
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the subsequent operation of the signal interrupter
relays 1150 and 1160 and converses with the
distant operator over the toll line TL—{ and re-
ceives the information as to the destination of
the call being extended.

Operation of sequence conirol relays

I will be recalled that when the sender link
8L, Fig. 15, was released, after the digits reg-
istered on the register sender in the previously
described connection were retransmitted, and the
cut-through relay 680 of the finder, Fig. 6, had
operated and locked in series with call pilot relay
§366, that at armature (351 call pilot relay 13%2
removed the ground potential from the sequence
control conductor (304 causing sequence control
relays 1610 and (628, of Fig. 16, to be energized
in series, by way of the grounded conductor 1198.
The operation of sequence control relay 1620
caused the release of the sender link SL—I(, Fig.
158, and thereby caused disconnection of the link
finder LF—1{ from the finder selector link com-
prising finder F—{, Fig. 6, and the toll first se-
lector TFS—I1, Fig. 7, and also the release of the
sender selector switch SS—I1 from the register
sender equipment. '

The operation of the sequence control relsys
{610 and {628 prepares the seguence control
equipment, so that when the operator at the posi-
tion shown in Fig. 11 receives another call, the
relay 1638 is operated responsive to the applica-
tlon of ground potential to the sequence control
conductor 1304 in order to connect up the sender
link SL-—2 of Fig. 16, which sender link is identi-
cal to the sender link SL-—{, Fig. 15,

. When the seguence relay 1630 operates, it
opens the locking circuit for the relay 1660 at
the normally closed contacts controlled by ar-
mature (638 and the relay accordingly falls back,
and by this same action it completes a holding
clreuit for the right-hand winding of relay (628
to prevent the relay from restoring while the
sender link SL—2 is being used. Sender 2 pilot
lamp, 1600 will light to indicate to the operator
that the sender link SL—2 is prepared for fur-
ther operation, that is, that the link finder L¥F-—2
has been connected to the preselected finder, such
as finder FP—I{, Fig. 6, and that the sender se-
lector SS—2 has been connected to an idle reg-
ister sender.

The operator can then depress her digit keys
DK in accordance with the called number; the
register sender equipment will register and re-
transmit puises in the manner previously de-

scribed, and during this transmitting period the

sender 2 pilot lamp (600 will become dimmed
and will be extinguished when the digits reg-
istered have all been retransmitted. The ground-
ed sequence control conductor {304 will subse-
guently become ungrounded, thereby causing the
reiease of sequence control relay 1630 and the
restoration of sequence control relay 1620, due
to the opening of its locking circuit at the front
contacts: of armature §633. Accordingly, the
sender link SL—1 is again prepared for opera-
tion to connect an idle register sender set by way
of sender selector SS—I{ to a preselected finder
link by way &f the link finder LF—1.

Referring again to the connection being de-
scribed, it will be noted that the operation of
change-over relay 630 in the process of the op-
eration of finder F—I{, Fig. 6, in connecting the
finder to the calling line, answering pilot relay
1340 operates and places a ground potential on
the sender control conductor 1304, It will be as-~

sumed, as has been described above, that the se-
guence control relay 1610 is again in position to
operate when the sender control conductor 1304
is grounded, in order to start the sender link
SIL—I{, Fig. 15, to select an idle register sender

. by way of the sender selector 8S—I, and to con-

nect the sender link SIL—1 and the selected reg-
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jster sender to the finder selector link compris-..

ing finder F—I{ and selector TFS—I, Figs. 6 and
7, respectively, by way of the link finder switch
LF-—i. Since the operation of the sender link
SL—1{, Fig. 15, has been described hereinbefore,
the controlling operations in the present con-
nection will only be briefly mentioned from time
to time.

At the operator’s switchboard position, the toli

group identify lamp 2i5 of toll line circuit, Pig.
2, the link busy lamp 603 of the finder P—I, Fig.
8, and the sender ! pilot lamp (508 of sender
link SL—I, Fig. 15, are all lighted to give the
operator the necessary signals to indicate that
she may proceed with extending the toll line con-
nections.
. The toll operator ab the ceniral office acknowl-
edges the call and receives the order from the
distant operator as to the destination of the call
being extended. :

Upon referring to the trunking layoub in Mg.
1, it will be observed that the toll line TL—1i
terminsates in the toll line civcuit TLC of Fig. 2,
and that these toll line circuits are found by the
finder ¥*—1 of the inward operator’s position
equipment, and that the finder is tied directly to
the toll first selector TFS—2. Since the toll first
selectors TFS—I{, TFS—2, TFS—3, and TPFS—4
are exactly the same, only one detail circuit has

been shown, that is, the toll first selector TFS—I,

Fig. 7. It will be observed that the first digit
to be set up on the digit keys by the toll operator
is the digit 2 to cause the toll first selector TFS—2
(the selector TFS—I of Fig. 7) to make connec-
tlon with a toll office selector, such as the toll
office selector TOS, Figs. 1 and 10." Since the
call is to be extended to the automatic office #8,
the toll office selector TOS responds to the sec~

ond digit of the called number, namely, the digit

8, to extend the connection, by way of the trunk
circuit TC—2 (which trunk circuit is the same
as the trunk circuit TC—{ and is shown in Fig.
22) to the thousands selector TMS. The last
four digits to be set up by the operator on the

.digit keys DK are the digits 4161, the digit 4 to

cause the thousands selector TMS in the aufo-
matic office #8 to extend the connection to the
toll hundreds selector TFS, the digit 1" to select
the connector C—I and the digits 61 to operate

- the connector Cf to the sixth level and then ro-

tate its wipers into engagement with the first seb
of bank contacts, to which contacts the sub-
scriber’s line of substation A is connected.
When the operator notes the above-mentioned
lighting of the sender { pilot lamp 1500, she de-
presses her digit keys DK to register the num-
ber 284161 on the registers RI-R6, inclusive, of
Figs. 18 and 19. The registers Ri-RS, inclisive,
of Pigs. 18 and 19, together with the infer-
rupter and control relays of Fig. 20, impulse
counting relays of Fig. 21, and the sender control
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relays of Fig. 17 cooperate in the manner pre- -

viously  described to control the pulsing relay
1520, of the sender link SL—i{, Fig. 15, to re-
transmit impulses corresponding in number to
the digits as registered on the registers RI-RG,
inclusive. Immediately after she has depressed
her digit keys to set up the desired number, the
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operator . then depresses the sender disconnect
key in order to prepare the sender lnk SL—I
to release the selected register sender equipment
after the digits registered have been retrans-

- mitted.

As soon as she ha.s operated the disconnect key,
the operator may restore her talking key K—I
and permit the position equipment to clear out.
‘When the talking key K—I s restored, connect
relay 670 and start relay 660 are restored be-
cause the circuit for relay 610 is opened at con-
tacts 695 of key K—! and relay 610 opens the
circuit of start relay 660 at armature §71. Relay
670 disconnects the talking conductors of the
link from .the position talking conductors and
connects them through the armatures of the cut-

through relay 680; and it disconnects position

conductors 1355, 1356, 1302, and 608. Relay 610
extinguishes the group-identifying lamp 215 and
disconnects the position conductors 606 and 607,
Switching 2 relay 620, change-over relay 630
and supervisory relay 650 remain operated. In
the position equipment of Figs. 11 and 13, talk-
ing relay 1130 restores when the talking key
K-—1 is restored, while answering pilot relay
1340 restores responsive to the the associated re-
lease answering conductor 608 being discon-
‘nected upon the restoration of the connect relay
of the finder. The position equipment is now in
normal condition in readiness for the operator
to accept a further call. Ground potential is
removed from the sender control conductor 1304
when relays 1130 and {340 restore, whereby the
initial circuit of the operated sequence relay 1610
is opened and the shunt is removed from the
winding of relay 1620.  Relay 1620 now operates
in .series with relay 1618° (from grounded con~
-ductor 1190) preparatory to the subsequent selec-
tion of sender link SL—2.

The setting up of the connection responsive
to the transmission of the number 284161 by the
register sender will now be described.

The toll first selector TFS—I of Fig. 7 (TFS—2,
PFig. 1) responds to the first set of impulses in-
dicative of the first digit 2, by raising its wipers
opposite the second level of its associated bank
contacts and rotating the wipers in search of an
idle toll office selector. Assuming that the toll
office selector TOS of Fig. 10 is the first one
found to be idle, this selector is seized by way of
the terminals 1615 shown in Fig. 10.

Operation of the toll office selector TOS
‘When the toll office selector TOS of Fig. 10 is

‘seized, the ground potential applied to the in-

coming C conductor, prepares the line relay 1010
for operation over the loop circuit including the
negative and positive talking conductors, and
completes energizing circuits for the upper wind-
ing of the series relay 10380 and the lower or
polarizing winding of the switch-over control
relay 1060. When the loop circuit including the
negative and positive talking conductors is com-
pleted by the switching through operation of the
preceding switch, line relay 1010 operates, and
at armature {011 completes an energizing circuit
for the slow releasing relay 1020. -The operation
of the series relay (030 prepares the circuit for
the vertical magnet VERT. and a locking circuit
for its lower winding at armature 1033. The
operation of the release relay 1020 closes an-
other point in the vertical magnet circuit at
armature 1024. Since the number assigned to
the line of substation A is 284161, the digit 2,
necessary to extend the - connection to the toll
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office selector TOS is followed by the subscriber’s

number 84161,

Responsive to the impulses retransmitted by
the register sender equipment indicative of the
digit 8, line relay 1010 is restored momentarily
eight times. Each time the line relay (010 re-

- stores, a circult is completed from ground at

~

armature 1046, armature 011 and its resting
contact, armature 1024 of the operated release
relay 1020, armature 1033 of the operated series
relay 1030, one branch of the circuit including
the lower winding of series relay 1030 and bat-
tury, to maintain the relay energized during the
vertical movement of the switch, and another
branch of the circuit including the winding of
the vertical magnet VERT. and battery. The
vertical magnet VERT. responds each time this
circuit is completed to raise the wipers (816 op-

.posite the eighth level of bank contacts. After

the series of impulses have been delivered to the
line relay 1010, the relay remains energized and
at the back contact of armature 18i1 opens the
circuit for the lower winding of series relay (030,
which relay restores (the circuit including its
upper winding being opened by the. off-normal
contacts. 10891 on the first vertical step of the

~wipers) and opens the operating circuit for the

vertical magnet VERT. at armature 1033, and
at armature 1034 prepares the operating circuit
for the rotary magnet ROT. by way of closed off-
normal springs 1093. The operating circuit of
the rotary magnet ROT. may be traced from
ground at armature 10468, armature {011 of the
operated line relay 1010, off normal contacts
1093 (closed on the first vertical step of the
switch wipers, armature 1034 of the deenergized
series relay 1030, self-interrupting contacts of
the rotary magnet ROT., winding of the rotary
magnet ROT. to battery. Due to the action of
the self-interrupting contacts on the rotary mag-
net ROT,, the wipers {018 are rotated across the
bank contacts in search of an idle trunk circuit,

. similar to the trunk circuit TC-—2 shown in Fig.

22, connected. to an idle inter-office trunk line,
such as the trunk line T—3 extending to the in-
coming toll thousands selector TMS, Fig. 2, in
the called automatic office #8.

It will be assumed that the first idle trunk cir-
cuit reached by the wipers 1016 is the trunk
circuit TC—2 of Fig. 22. When this occurs, the
battery potential applied to the C terminal 2200
in the banks of the toll office selector TOS, by
way of the winding of cut-off relay 2220 and the
armature 2211, is encountered by the C-wiper
of the wiper set 1016, causing the operation of
the switching relay {040. The switching relay
1040 and the cut-off relay 2220 energize in ‘series
in a circuit from battery, winding of the cut-off
relay 2220, armature 2214, C terminal 2200, C
wiper of the 1016 wiper set, the normally closed
contacts controlled by armature 1031, armature
1021 of the operated release relay 1020, test wind-.

10

ing of the electro-polarized switching relay 1046

to the grounded incoming C conductor. The
operation of the cut-off relay 2220 removes the
winding of the busy relay 2218 from the negative
talking conductor at armature 2212, and the
switching relay 1040 upon operating completes

-a locking circuit for its holding or middle wind-

.incoming C conductor.

ing by way of armature (045 and the grounded
Relay 1040 also applies
a ground potential directly to the C wiper at
armature 1043 to maintain the cut-off relay 2228
of the seized trunk circuit 'TC—2 in its operated
position and to guard the trunk line against fur-
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ther seizure by other toll office selectors. Relay
1040 also terminates the rotary movement of the

switch at armature 1046, and it prepares a con-.

nection-holding circuit at the front contact of
this same armature, the purpose of which will
be discussed later; at armatures (04 and 1042 it
disconnects the incoming negative and positive
talking conductors from the line relay (018 and
extends them, by way of normally closed con-
tacts on relays (0580 and (880 and the negative
and positive wipers of the {06 wiper set, to the
negative and positive talking conductors of the
trunk ecircuit TC—2, Fig. 2, and thence by way
of the inter-office trunk line T—58§ to the toll
thousands selector TMS, Fig. 1. The operating
winding of the electropolarized switchover con~
trol relay 1060 is connected in series with the
positive talking conductor, however, the winding
of the relay is so poled that the relay is not
operated by current flowing over the line con-
ductors in normal direction. Due to the above-
mentioned operation of the switching relay and
the disconnecting of the line relay (046 from the
talking conductors, the line relay {810 falls back
and opens the circuit of the release relay 10620
which also restores. The restoration of relays
{0i0 and (020 prepares a circuit for the release
magnet RLSE., the circuit being closed at the
time the switching relay (046 is restored to
normal. »

As the succeeding digits are retransmitted un-

der the control of the pulse relay 1520 and its

impulsing contacts {521, the connection is fur-
ther extended through operation of the toll

. thousands selector TMS, Fig. 1, the operation of

the toll hundreds selector, such as THS, and
by the operation of a combined toll and local
connector, such as Ci, to extend the connection
to the line of substation A. |

After all the impulses have been sent out by
the pulsing contacts 1521 of the pulse relay 1520,
and relay 1530 of Fig. 15 operates from a circuit
completed for its upper winding over the test
conductor 1507 by the sender control circuit
Fig. 17, and locks to ground by way of armature
i534 and armature §562. Upon operating, relay
1530 grounds the negative talking conductor by
way of the winding of loop test relay 1540 and
armature 1531, and by this same action opens
the loop circuit at the normally closed contacts
of armature 1531; it connects battery by way of
resistance R, and armature 1532, to the EC con-
ductor; at armature 533 it connects ground to
the cut-in conductor to operate the cut-through
relay 680 of the finder, Fig. 6; at armature 1535
the sender | pilot lamp 1500 (which has been
dimmed by the insertion of resistance R3 during
the transmission of impulses) circuit is opened
and the lamp 1500 is extinguished. At armature
1536 a holding ground is placed on the winding
of the switching relay 1510 to prevent the release
of the relay until after relay {530 falls back.
Referring to relay (540 which is connected to
the negative talking conductor by way of the
armature 1531, it will be noted that if the call
has not been completely extended by the oper-
ation of the various switches in the switch train,
a battery potential will be applied to the nega-
tive talking conductor by one of the line relays
of the switches in the switch train. When this
oceurs, relay 540 will operate (if an incomplete
call has been made) and at armature 1942 will
prevent the. application of ground potential to
the cut-in conductor to operate the cut-through
relay 680 of the finder (Fig. 6), thus preventing
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the switch train from being connected to the
associated finder circuit. When the operator re-
stores the talking key ¥-—{ the ground potential
will be removed from the sender control con-
ductor {384 and the entire switch train, together
with the sender link St—I{ will release. In case
an incompleted call is encountered after the
operator has restored the talking key K—-I to
normal, the sender link SL—I and the associated
switch train will release immediately after the
operation of relay (840.

It will be assumed for the purpose of the con-
nection being described, that the wanted sub-
scriber at the automatic exchange is not busy
when the connection is extended to his line.
Therefore, relay (540 in the sender link SL—I
will not operate (since the connection is a com-
pleted one) and the cut-in conductor (556 is
grounded by way of the contacts of armature
1533 to operate the cut-through relay 680 of the
finder, Fig. 6, and battery is connected to the
EC conductor by way of contacts of armature
1532 and resistance Ré for the purpose of cutting
the repeating coil and condensers of the toll office
selectors TOS of Fig. 10 in the loop of the asso-
ciated switch train. At armature £535, relay (530
opens the circuit of the sender { pilot lamp 1500
which is accordingly extinguished and by this
same action opens the circuit of relay 1576. Re-
lay 1576 subsequently falls back switching the
circuit of relay §560 at armature 1572, but before
relay 1560 falls back a momentary pulse of bat-
tery is applied to the positive talking conductor
1553 by way of resistance R2, armature 1571 of
the deenergized relay 1578, armature 1561 of the
energized relay 1560, the strap 1575 connected
between terminals 1576 and {511 to the positive
talking conductor. of the trunk for the purpose
of operating the ringing relay in the toll office
selector, Fig. 10. It will be understood that the
strap 1545 connected between terminals (576 and
{517 of the sender link SL—I, Fig. 15, is con-
nected in the sender links provided at inward op-
erator’s position only, in order that the ringing on
distant lines can be initiated automatically. At
the universal operator’s position this strap 1518
is not provided because the operators at these po-
sitions control the ringing by means of a ringing
key. Relay 1568 releases with a slow action short-
ly after its circuit is opened at armature 1572 and
at armature 1562 opens the locking circuif of re-
lay 1530, which also falls back. When relay 1530

‘deenergizes, the sender link SL—I, Fig. 15, is dis-

connected from the finder F—1 of Fig. 6, and the
connection is held by way of the armatures of the
cut-through relay 680.

Referring now to the toll office seelctor TOS,
Fig. 10, it will be noted that the momentary ap-
plication of battery potential to the EC conductor
responsive to the above-mentioned operations of
relays in the sender link SL—I, Fig. 15, com-
pletes a circuit by way of armature 1044 of the
operated switching relay 1040, off normal con-
tacts {095, normally closed contacts controlled
by armature 1056, upper winding of switch-over
relay 1050, to ground. Switch-over relay 1050 op-
erates and locks itself to the grounded incoming
C conductor at armature 1055; it cuts in a non-
ring-through repeating coil 1000 at armatures
{051, 1053, and 1054; it prepares circuits for re-
lays 1080 and 1090 at armature (052 and 1057, re-
spectively; and it opens its initial energizing cir-
cuit including its upper winding at armature 1056
and the normally closed contacts and by this same
action at the front contacts of armature 1056 it
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prepares the supervisory circuit to the call lamp
601 at the operator’s switchboard.

When the combined toll and local connector
such as Cl at the automatic exchange #8 cuts in
on the line of substation A, Fig. 1, the toll thou-
sands selector TMS (also referred to as a toll
transmission selector) reverses the current flow
over the inter-office trunk line T—S35, thereby
bringing about an operation of the electro-polar-
ized switchover control relay 1060. Upon operat-
ing relay 1060 bypasses its upper or line winding
at armature 1061 in order to prevent the resist-

ance of the relay from interfering with the talk--

ing circuit; it connects the incoming grounded
C conductor to armature 1071 of the supervisory
relay {076 at armature 1062, and at armature
1063 it completes a multiple locking circuit for
the lower winding of switchover relay 1050. The
battery potential connected to the loop circuit
from the toll thousands selector TMS at the au-
tomatic exchange, causes the supervisory relay
1070 to operate, thereby actuating its armature
1071 to extend the ground potential applied to it,
by way of armature 1062 and the incoming C con-
ductor, to armature 1058 of the operated switch-
over relay {050, overflow contacts 1095, armature

1044 of the operated switching relay 1040, to the

incoming EC conductor, thereby completing a cir-
cuit by way of the preceding switches to light the
call supervisory lamp 60! at the toll operator’s
position. The lighting of the call supervisory
lamp 601 indicates to the toll operator that the
connection has been extended to the wanted sub-
scriber’s line. :

Since the connection being described has been
completed by a toll operator at an inward position
of the switchboard, the momentary application of
battery potential to the positive talking conductor
of the connection has been automatically ap-
plied to the conductor by the operation of relays
in the sender link SL—I, Fig. 15, as has been pre-
viously described. In the toll office selector TOS
of Fig. 10, the battery potential applied to the
positive talking conductor is extended by way of
armatures (042 and {054 of the operated relays
1640 and 1050, respectively, lower lefthand wind-
ing of the repeating coil 1000, armature 1652 of
relay 1050, winding of ringing relay (080 to
ground. Ringing relay 1080 is operated momen-
tarily and applies ringing current by way of ar-
mature 1081 and 1082 to the inter-office toll serv-
ice trunk T—5 and causes the necessary opera-
tion of switches in the automatic office to secure
the usual intermittent application of ringing cur-
rent to the called line.

The called subscriber answers

When the subscriber at substation A answers,
the current flow over the inter-office toll service
trunk T—?5 is discontinued, as is the usual prac-
tice, and the supervisory relay 1070 of the toll
office selector TOS, Fig. 10, falls back, the connec-
tion being held during talking condition, from the
called line. When supervisory relay (070 falls
back, it removes ground potential from the asso-
ciated EC lead at armature 1071, thereby causing
the calling supervisory lamp 601 to be extinguished
to give the toll operator answered supervision.

It is to be noted that the deenergization of the
supervisory relay 1080 completes a holding circuit
for the selector by applying ground potential from
armature 1046 of the operated switching relay
1040 to the incoming C conductor by way of arma-
tures 1071 of the deenergized supervisory relay
1070, armature 1062 of the operated switch-over
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relay 1060, whereby the selector is not restored in
the event that the toll operator breaks down the
called end of the connection while the recelver is
off at the called substation.. It is also to be noted
that relays 1040, 1050, and 1060 are ail locked in
their energized positions by way of the grounded
C conductor. - This provision is made primarily to
prevent a release of the toll office selector under
this condition, because the inter-office trunk line
T—5 would be unguarded at a time when the
distant terminating selector is held operated
locally (by the called subscriber) and is, therefore,
unable to release. It is to be noted that this lock-
ing of the toll office selector TOS does not interfere
with the release of the toll first selector TFS—I of
Fig. 6, as the C conductor associated with the toll
first selector TFS—I is not extended through the
C wiper, but an independent ground connection is

10

made by way of armature 143 of the operated . -

switching relay 740 to the C wiper of the wiper set
110 for the normal holding of the next succeeding
switch.

During conversation, it is to be noted that the
pad control relay 220 of the toll line circuit, Fig. 2,
is maintained actuated from the current supplied
through the 44,000-ohm center tapped resistors
associated with the left-hand winding of repeat-
ing coil 1000 of the toll office selector TOS, Fig. 10.
Accordingly, the pad cut-off relay 210 is prevented

from operating, so that the pad 214 is connected

In the circuit to introduce the necessary circuit

. loss which tends to balance the artificial line net-

work to maintain a uniform transmission level.

- Ring-down supervision from the calling toll
exchange

In the event that the calling toll operator de-

Sires to signal the central office toll operator at

Fig. 11 at any time after the connection has been
extended, she causes ringing current to be pro-
jected over the toll line TL—I, thereby bringing
about a momentary operation of the ring-up relay
210 and a momentary restoration of signal relay
260. Relay 260 closes the circuit for the upper
winding of the combination start and recall relay
280 at armature 261, whereby start relay 280 is
momentarily operated. With relays 280 and 290
operated, a direct ground potential is placed on
the C lead extending to terminal 297 in the banks
of the finder switch, Fig. 6, thereby causing the
answering supervisory .relay 680 to restore, the
talking key K—1 being restored (unoperated posi-
tion) as previously described.

It is to be noted that start relay 280 does not
lopk upon operating at this time, as contrasted
with its operation under similar circumstances
when the call is in the reverse direction. There-
fore, relay 280 restores and again removes ground
potential from the C lead extending to terminal
297 and the supervisory relay 650 of the finder,
Fig. 6. When the ground potentjal is applied to
the C conductor and terminal 297 in the banks of

the finder in Fig. 6, it is extended further by way-

of the C2 wiper of the wiper set §18, armature 623
of the operated switching relay 620, to the lower
winding of the answering supervisory relay 650;
ground potential being applied to the opposite
terminal of the lower winding of relay 650 from
armature 634 of the operated change-over relay
630. Supervisory relay 650 restores to normal
and places a short circuit around its lower wind-
ing at the strap 653 and armature 651. (this strap
and armature is provided on answering super-
visory relays of finders provided for use by inward
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operators only). ‘The answering supervisory re-
1ay will not operate in series with the cut-off relay

280 in the toll line circuit, Fig. 2, as long as the

short circuit is maintained around the lower
winding of the strap 653 and armature 65{, how-
ever, cut-off relay 290 is maintained operated dur-
ing this circuit alteration first from the grounded
armature 281 of the start relay 285, and when the
start relay falls back the ground is again returned
from armature 634 of the operated change-over
relay 630 in the finder, Fig. 6, by way of the C2
wiper of the wiper set §18 and the C conductor of
termingls 297. The answering supervisory lamp
€02 is now lighted steadily to attract the attention
of the central offlce toll operator.
becomes extinguished when the operator throws
the talking key K—I to bring sbout the operation
of relays 670, 668, and 658, respectively. It is to
be noted that when the answering supervisory
relay 656 is reoperated by way of its upper winding
responsive to the operation of the start relay 660,
that the short circuit around its lower winding (by
way of the strap 653 and armature 85{) is now
removed from the circuit and that the relay will
remain energized in series with the cut-off relay
290 of the toll line circult, Fig. 2, after the ener-
glzing charging circuit for its upper winding has
been removed. '

It will be recalied that the answering supervi-
sory relay -658 follows switchhook supervision
when the finder Fig. 6, is interconnected with the
CLR circuit of Fig. 1. This is accomplished by
removing the strap 653 and armature 85(, placed
in the circuit of the lower winding of the answer-
ing supervisory relay 650. Since CLR operstors
answer all CLR calls, the finders associated with
the CLR operator’s positions are not provided
with the above-mentioned strap 653 and armature
651 to shunt the lower winding of the answering
supervisory relay 650 after it has been restored.
The omission of the above-mentioned strap and
armature changes the circuit from lock supervi-
sion to flashing supervision.

Clearing out the connection

When the called subscriber at automatic office
#8 replaces his receiver, the switch train in the
called office causes the current flow to be re-
sumed over the conductors of the inter-office
trunk T—S5, thereby reoperating the supervisory
relay 1078 to again interconnect the grounded C
conductor with the associated EC conductor,
thereby lighting the calling supervisory lamp 601
of the finder Fi, Fig. 6, as a disconnect signal.

The central office toll operator at Fig. 11 may
release the calling end of the connection by op-
erating her release answering key X—8, and she
can release the called end of the connection by
operating her release call key K—12. The pro-
vision of keys K—8 and K—I12 permit the toll
operator to release either end of the connection
separately, while the release answering and call
key K—11 is a combination of the release answer-
ing key K—8 and the release calling key K—12,
and is provided to facilitate the disconnection of
a call by releasing both ends of a connection
when it is momentarily operated,

It will now be assumed that the central .office
toll operator clears out the connection by momen-
tarily operating her non-locking, release-answer-
ing and call key K—I1. It is to be noted that
the contacts 1408 and 1409 of the release answer-
ing key K—8 and the contacts 1414 and 1416
of the key K—I1 perform the same functions,
that is, place ground potential on conductors 608

This lamp.
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and {443, respectively. In addition, contacts 1418
and {419 of the release call key K—I2 and con-
tacts {415 and 14{7 of key K—I{ also perform

the same functions, that is, place ground potential

on conductors 1355 and {448, respectively. The
grounding of conductors 1343 and 608, responsive
to the momentary operation of key K—I{1{ causes
the restoration of the finderr F—I of Fig. 6 in the
same manner as has been previously described,
When the finger switch Fi—I{ restores to normal its
wipers 618 are disconnected from the terminals
297 to which .the toll line circuit TLC of Fig. 2
are connected, whereupon cut-off relay 290 re-
stores together with pad control relay 220. The

toll line circuit TLC is now available for further

use,

The clearing out of the called end of the con-
nection responsive to the momentary ground po-
tential applied to conductors 1448 and 1355 is the
same as previously described in connection with
the releasing of the called end of the connection
by the momentary operation of the release call
key K—12. Accordingly, the operator’s position
relays of Fig. 13, the finder of Fig. 6, and the
toll first selector TFS—I! of Fig. 6 are restored to
normal in the same manner as has been previously
described.

In the toll office selector TOS, Fig. 10, relays
1046, {050, and (060 restore responsive to the
removal of ground potential from the incoming C
terminal 1015 by the preceding selector (toll first
selector TFS—I of Fig. 7). The restoration of
relays (040 and (650 breaks the holding circuit
of the negative and positive wipers of the 1016
wiper set to permit the switches in the called
office (automatic office #8) to restore. Release
magnet RILSE. is operated responsive to the
restoration of relay (040 from ground at arma-
ture 1046, armature 10i{, armature 1024, off-
normal contacts {092, winding of release magnet
RLSE., to battery, whereby the selector is re-
stored to normal position in the usual manner.

Overflow at a toll office selector

In the event that all of the trunks accessible
to the toll office selector TOS on the selected level
are busy, the wipers {016 are rotated to overflow
position. When this position is reached, over-
flow contacts 1095 disconnect the upper winding
of switch-over relay {058 to prevent an un-
desired operation of this relay over the EC lead
after all of the digits have been retransmitted
by the sender, while overflow contacts 1094
connect the upper winding of series relay {030 in
the ecircuit with the upper or test winding of
switching relay 1040 so as to operate switching
relay 1040 to terminate the operation of the
rotary magnet ROT. This circuit may be traced
from battery at the upper winding of series relay
1030, overflow contacts 1094, upper or test wind-
ing of switching relay (040, to the grounded in-
coming C conductor. Series relay 1030 is actu-
ated to shift the C wiper of the wiper set {016
to ground at armature 1022, whereby a momen-
tary metering impulse determined by the restoring
time of relay 1020, is delivered over the C wiper of
the wiper set 1016. Relays 1030 and 1040 remain
actuated after relays 1068 and (020 are re-
stored. A flashing supervisory indication is trans-
mitted from the 60-impulses-per-minute con-
ductor through overflow contacts 1095, over the
EC lead to flash the calling supervisory lamp 601
at the toll board.

The toll office selector TOS is cleared out
from overflow position when ground potential
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is removed from the incoming C conductor to
permit relays 1040 and 1030 to restore.

Calls to busy lines

When a line is called at a time when it.is in.

use, the connector through which the connection
is attempted finds a busy test condition on the
called line. Responsive to this, the apparatus in
the toll service trunking system causes the cur-
rent flow over the inter-office trunk line T—3 to
be reversed and to be interrupted at a rate of one-
hundred-and-twenty times a minute, which rate
is double that of the rate of flashing when an
all-trunks-busy or overflow condition is encoun-
tered as previously described. In the event that
the toll office selector TOS of Fig. 10 Is the selec-
tor used in the attempted connection to the
busy line, the reversal of current flow brought
about when the busy condition is encountered,
results in the operation of the switch-over con-

_trol relay 1060 as previously described. Follow-

ing this, the intermittent operating and releas-
ing of the supervisory lamp 1070 caused by the
intermittent current flow over the conductors of
the inter-office trunk line T—5, causes ground
potential to be intermittently applied at a rate
of one-hundred-and-twenty times a minute to
the associated incoming EC lead by way of
ground at armature 1046 and the interrupting
armature 107{ of the supervisory relay 1070.
This action results in a characteristic, somewhat
rapid, flashing of the call supervisory lamp 601
to notify the operator of the busy condition of
the called line. .

‘When the toll operator breaks down the con-
nection under this condition, the selectors .re-
lease as before described, as the toll office selector
TOS releases between successive operations of
the superviory relay (070. The switches in the
called office restore responsive to the opening of
the loop when selector TOS is cleared out.

Calling from central office area to an exchange
reached by way of toll line TL2

In order to explain how calls originating in
the central office area are extended to the cen-
tral office area over trunk lines and directed to a
toll office area reached by way of toll line TL.—2
are handled, it will be assumed that a subscriber
at substation A of automatic office #8 calls the
central office toll board over the CLR trunk and
trunk line T—I, Figs. 1 and 3, and requests that
his line be connected to a desired line of the toll
office reached by way of trunk line TL—2. It
will also be assumed that this call has been ex-
tended and that the finder F—I, Fig. 6, has been
connected to the trunk T-—I by way of the CLR
circuit of Fig. 3, and that the toll operator has
answered the call.

In order to extend the connection, the operator
depresses her digit keys DK to set up the number
of the wanted subscriber, prefixing the subscrib-
er’'s number with the trunking digits 4 and 6,
assigned to the toll line TL—2. The trunking
digits 4 and 6 are for the purpose of selecting the
toll line extending to the toll office in which the
connection -is to be completed.

Upon referring to the trunking layout in Fig.
1, it will be noted that the call being described is
from the subscriber A at automatic office #8 and
that the connection will be handled by the CLR
operator who is associated with the finder F—2
and the toll first selector TFS—{. If the incom-
ing call had been received from a toll office, con-
nected to the toll line TL—{ and was received
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by way of the toil line circuit TLC and the finder
F—I, the inward operator would complete the call
by way of the toll first selector TFS—2. As has
been previously pointed out, the toll first selectors
are identical in construction and operation.
Therefore, the first digit set up on the digit keys
by the toll operator is the digit 4 so that the toll
first selector TFS—I1 will raise its wipers to the
fourth level to extend the connection to a toll line
selector, such as the toll line selector TLS—2, of
Figs. 1 and 8. Responsive to the retransmission
of the digit 6 by the register sender, the toll
line selector TLS—2 will extend the connection
to an idle impulse repeater, such as the impulse
repeater IR—2 with its associated tone unit
TU—2 and voice current repeater VCR connected
to the toll line TL—2. The remaining digits of
the wanted subscriber’s number are transmitted
by the register sender to the repeater IR—2 where
they are repeated in the form of voice frequency
impulses to control the switches in the distant
toll office.

It will now be assumed that the sender { pilot
lamp 1500 has been lighted to indicate to the

operator that a register sender has been selected’

and connected to the associated finder selector
link, Figs. 6 and 7, respectively. When the oper-
ator notes the above-mentioned lighting of the
sender pilot lamp, she depresses her digit keys
DK to register the trunking digits 4 and 6 as-
signed to the group of trunks, such as TL—2,
followed by the wanted subscriber’s number, on
the registers RI—RS8, inclusive, of Figs. 18 and
19, respectively. The operator may now restore
her talking key K—I, associated with the finder
F—{ of Fig. 6 in order that she may answer
other calls.

The toll first selector TFS—I of Fig. 7, responds
to the first series of impulses Indicative of the
first digit 4, by raising its wipers opposite the
fourth level of its associated bank contacts and
rotating the wipers in search of an idle toll line
selector. Assuming that the toll line selector
TLS—2 of Fig. 8 is the one found to be idle, this
selector is seized by way of terminals 800 shown
in Fig. 8.

‘When the toll line selector TLS—2 of Fig. 8
is seized by the toll first selector TFS—I1, Fig. 7,
ground potential is applied to the C conductor
by way of the C terminal 800, preparing the line
relay 810 for operation over the loop circuit in-
cluding the negative and positive talking con-
ductors, and completing an energizing circuit for
the upper winding of series relay 830 by way
of the off-normal contacts 88!. The loop cir-
cuit, including the negative and positive talking
conductors, is completed by the switching through
operation of the selector TFS—I switch, thereby
causing line relay 810 to operate and complete
an energizing circuit for the slow releasing re-
lease relay 820. The operation of series relay
830 connects the C wiper of the wiper set 801
to the polarizing winding of the switching relay
870 by way of armature 831, it prepares a lock-
ing circuit for its lower winding at armature 832
in multiple with the circuit of the vertical magnet
VERT.; and it opens a point in the circuit of
pulse delay relay 860 at the back contacts of
armature 833, while at its front contacts it pre-
pares & circuit for stepping relay 840 and the
change-over relay 850. Responsive to the op-
eration of release relay 820, ground potential at
armature 822, is applied to the C wiper of the
801 wiper set by way of armature 831 and also

to the polarizing winding of switching relay 810;
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ground at armature 832 is connected to the up-
per or testing winding of the switching relay 870
to prepare the testing circuit of the C wiper. by

- way of armature 82f and the normally closed
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contacts of armature 831 after serles relay 830
is restored. At armature 824 release relay 820
prepares a circuit for the vertical maget VERT.
and a holding circuit for relay 830.

When the six interruptions, indicative of the
next digit, are retransmitted by the register
sender equipment, line relay 810 is momentarily

restored six times, thereby interrupting the cir-

cuit of the vertical magnet VERT. six times.
Each time the Iine relay 810 falls back & circuit
is completed from ground at armature 876, arma-

ture 811 and its back contact, armature 824 and.

its front contact, winding of vertical magnet

VERT. to battery. A branch of the sbove-traced -

circuit being completed for the lower winding
of series relay 830 by way of armature 832 and
the lower winding, to battery. Series relay 830
is maintained energized during the impulse series
due to its slow action, the circuit including its
lower winding being completed each time a pulse

- is received for the vertical magnet. The initial

circuit for the upper winding of relay 830 is

‘opened by off-normal contacts 881 as soon as

the first vertical step of the switch is made re-
sponsive to the operation of the vertical mag-
net. The release relay 820 is also maintained
energized during the impulse series due to its
slow action, the circuit for the relay is being
completed each time the line relay is agaln en-
ergized. It is also to be noted, that the closing

- of off-normal contacts 883 (closed on the first
vertical step of the switch) completes a circuit:

for the stepping relay 840. This circuit may be
traced from ground at armature 876, armature
825 of the operated release relay 820, off-normal
contacts 883, armature 833 of the operated series
relay 830, winding of stepping relay 840 to bat-
tery. The circult for stepping relay 840 is
closed throughout the directive vertical opera-
tion so as to maintain a ground potential on the

. upper winding of relay 850 to avoid a possibility

of change-over relay 850 operating prematurely
as vertical test wiper VW passes over grounded
vertical test contacts. )

Level hunting

At the end of the series of impulses, wiper 801
are standing opposite the sixth level of bank con-
tacts, and vertical test wiper VW is standing on
the bank contacts associated with the sixth level.

- Series relay 830 is adjusted to restore shortly

after the last directive impulse is received by the
vertical magnet, and at armature 832 prepares an
automatic level hunting circuit for the vertical
magnet VERT., at the same time opening the
initial circuit of stepping relay 840 at armature
833. 'The restoration of relay 840 depends upon
whether or not all of the trunks in the sixth level
of bank contacts are in use. If all of these trunks
are in use, level-busy relay 802 is in actuated
condition and has removed ground potential from
the sixth level test contacts in the banks of all the
vertical test wipers, such as VW, of the switches
having access to the automatic toll line. When
this condition occurs, there is no holding circuit

‘for relay 840 and operating circuit for change-

over relay 850 through the vertical test wiper
VW, and relay 840 is restored to deliver an addi-
tional impulse to vertical magnet VERT., whereby
the switch takes an additional vertical step to

:the next level, whereat the same group busy test
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is made, as stepping relay 840 is reoperated
_through the self-interrupting contacts 891 of the
vertical magnet VERT. This self-interrupting
cireuit for the vertical magnet is completed from
ground at armature 816, armature 825 of .the op-
erated release relay 820, off-normal contacts 883,

armature 833 of the deenergized series relay 830,

(a branch of the circuit being traced to the pulse-
delay relay 860 which will be explained herein-
after), armature 852 of the deenergized relay 850,
armature 841 of the deenergized stepping relay
840, armature 832 of the deenergized series re-
lay 830, winding of the vertical magnet VERT.,
to battery. The vertical magnet will operate
over this circuit and raise the wipers one step as
pointed out above and at its armatures 891, it
completes & circuit for reoperating the stepping
~-relay 840 to terminate the vertical movement by
opening the circuif for the magnet at armature
841. . The vertical magnet restores and opens the
circuit for the stepping relay 840 at armature 891.
This removes the ground potential from the up-
per winding of change-over relay 850 so that the
vertical wiper VW may test the seventh level of
the switch for ground potential. If idle toll lines
are available in the seventh level now, ground po-
tential is returned by way of the vertical test
wiper VW through the upper winding of change-
over relay 850, and the winding of stepping relay
840 to battery. Relay 840 remains energized to
prevent further vertical movement of the wipers,
and change-over relay 8%0 operates. At arma-
ture 852, relay 850 prepares the circuit for the
rotary magnet, and at armature '85f it com-
pletes a locking circuit for its lower winding from
ground at armature 876. From the above de-
scription it will be understood that if a group of
trunks requires more than one level of a bank,
the testing action of the vertical wiper VW per-
mits the vertical magnet and the stepping relay
840 to complete their cycle of operation again
until a level in which an idle trunk is available
is reached. .
Assuming now that there are one or more idle
trunks in the called. level (the sixth level), level-
busy relay 802 is not in operated condition when
the wipers of the selectors come to rest. Under
this condition, the restoration of series relay 830
at the end of the impulse series, permits change-
over relay 850 to operate in series with relay 840
over a circuit including the vertical test wiper
VW, the sixth level of vertical test contacts, and
contacts of the deenergized level-busy relay 802,
to ground. Relay 850 closes a locking circuit for
its lower winding by way of armature 851, 833,
off-normal contacts 883, armature 825, armature
816, to ground. Relay 850 also opens an addi-
tional point in the automatic stepping circuit of
vertical magnet VERT. at back contacts of arma-
ture 855, and at the front contacts of armature
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852 it completes a self-interrupting circuit for the -

rotary magnet ROT. The wipers 801 are there-
upon rotated step by step over the sixth level of
the bank contacts in search of an idle trunk.
Upon the first rotary step, vertical test wiper
VW is moved out of engagement with the verti-
cal test bank, thereby opening the- previously
traced circuit for the stepping and change-over
relays 840 and 850, respectively. Stepping relay
840 restores, but relay 850 is maintained operated
in the above-mentioned locking circuit to main-
tain the self-interrupting circuit of the rotary
magnet closed and the circuit of the vertical mag-
net open. The rotary magnet ROT. rotates the
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wipers 801 step by step over the selected level of
bank contacts until an idle toll line is reached.

As was pointed out above, the pulse delay relay
860 was operated responsive to the restoration of

serles relay 830 upon the termination of the direc- -

tive impulses received by the line relay 818 to
select the desired trunk level. Upon operating,
pulse delay relay 860 places a battery potential
on the incoming EC conductor by way of resist-
ance R—8 and armature 861. This battery po-
tential ‘applied to the incoming EC lead causes
delay pulsing relay 1550 of the sender link SL—I,
Fig. 15, to operate. The operation of the pulse
delay relay 860 is for the purpose of preventing
further pulses from being transmitted by the
register sender equipment during the time that
the toll line selector TLS—2, Fig. 8, is hunting
for an idle toll line in the selected toll line group.
If the register sender equipment continues to
retransmit impulses at the regular sending rate,
the additional impulses may be received by the
toll line selector TLS—2 before the wipers 801
have selected an idle toll line in the desired toll
line group. Therefore, any impulses retransmit-
ted by the register sender before an idle toll line
has been selected, will be lost and will result in &
connection with a wrong number.

It may be assumed that the toll line TL—2 as-
sociated with the repeater IR—2, Fig. 1, is the
one found to be idle. This repeater is the same
repeater shown in Fig. 11 in the above-mentioned
Wicks application. Since the repeater is idle
when the wipers 801 arrive on the terminals in

its bank to which the conductors of the repeater .

are connected, a battery potential is encoun-
tered by the C wiper, thereby completing an
energizing circuit for the upper or test winding of
the switching relay 810. This circuit may be
traced from the battery encountered by the C
wiper of the 80 wiper set, normally. closed con-
tacts controlled by armature 831, armature 82|
of the operated release relay 820, upper or test
winding of the switching relay 810, to the in-
coming grounded C conductor. Relay 810 oper-
ates over this circuit and completes a locking
cireuit for its holding middle winding from the
grounded incoming C conductor by way of arma-

ture 815. Relay 810 also opens the self-inter-.

rupting circuit of the rotary magnet, the holding
circuit for change-over relay 850 and puise delay
relay 860, at armature 816; it by-passes its own
test winding by placing ground on the C wiper

of the 801 wiper set, at armature 873; it extends-

the incoming EC conductor to the repeater R—2
of Fig. 1, by way of armature 874; and it dis-
connects the incoming negative and positive talk-
ing conductors from the windings of line relay
810 and extends them to the repeater IR—2 by
way of the front contacts of armatures 871 and
872 and the negative and positive wipers of the
80( wiper set, respectively. Line 810 restores and
release relay 820 restores with slow action after
its circuit is opened by the deenergization of line
relay 810, The deenergization of the change-
over relay 850 has no effect at this time, while
the deenergization of pulse delay relay 860 re-
moves the battery potential from the incoming
EC conductor to permit the delay pulsing relay

1550 of the sender link SL—I, Fig. 15, to restore. .

When the delay pulsing relay. (550 falls back
the register sender equipment again functions to
transmit the remaining impulses indicative of
the digits registered on the assoclated registers.

Referring to sender link SL—I, Fig. 15, it will
be noted that.when delay pulsing relay 1550
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operates it disconnects pulse relay 1520 from the
series circuit including delay pulse relay 2040, Fig.
20, and connects it to a locking ground potential
at the front contact controlled by armature 1881,
Relay 1520 remains energized over this circuit to
keep the loop circuit including (at this time)
line relay 810, closed. The delay pulse relay
2040, however, falls back and at armature 2041
extends ground potential from release ground
conductor {164 to the delay ground conductor
{7155, thereby shunting the lower winding of re-
start relay 2080. ' As long as restart relay 2080
is prevented from operating no additional digits
are transmitted. The removal of battery from

the EC conductor upon the release of relay 860

permits delay pulsing relay 15860 to fall back and
again connect up the pulsing conductor includ-
ing relays 1520 and 2040. Relay 2040 removes
shunt from the winding of relay 2080. Restart
relay 2080 can now operate in the previously de-
scribed manner, thereby enabling the sender
equipment to transmit the next digit.

The remaining pulses transmitted responsive

to the operation of pulsing relay 1520 of the.

sender link SL—i{, Fig. 15, are received in the
impulse repeater IR—2 of Fig. 1, and are re-
transmitted over the toll line TL—2 step the
automatic switches in the distant exchange to
the wanted subscriber’s line. This operation is
explained in detail in the above-mentioned Wicks
patent and is therefore only briefly mentioned
at this time. If the wanted subscriber’s line is
not in use when the connection is established,
the switches at the distant exchange function
and cause the impulse repeater IR—2 of Fig. 1
to apply ground potential to the EC wiper of the
wiper set 801 in the toll line selector TLS—2 of
Fig. 8. 'This ground potential is extended back
through the toll line selector TLS—2 of Fig. 8,
and through the operated toll first selector
TFS—i of Pig. 7, to light the call supervisory
lamp 601 at the central office toll operator’s posi-
tion. By the lighted condition of the lamp, the
central office toll operator at the switchboard
position of Fig. 11 is informed that the connec-
tion has been extended to the called line and
that this line is idle and has been seized.

If the call being described had been received
from a distant toll office by way of toll line TL—I
and the toll line ecircuit TLC shown in Fig. 1,
an operator at the inward position of the switch-
board would handle the call and the sender link
SL—I of Fig. 15 would function in the manner
described hereinbefore and connect ringing con-
trol battery pulse to the positive talking conduc-
tor under control of the release action of relays
{570 and 1560. As has been pointed out pre-
viously, the strap 1573 between terminals 1578
and 1571 is provided at the inward operator’s
position so that the battery potential may be
momentarily applied to the positive talking con-
ductor to control the automatic ringing of the
wanted subscriber’s line. The automatic ringing
control battery pulse projected over the positive
talking conductors to the impulse repeater IR—2
of Fig. 1, causes this switch to function and
initiate the automatic ringing of the switches at
the distant toll office to signal the wanted sub-
scriber.

Since the call being described is from the
automatic office #8, which is a local office in the
central office area, the call is handled by an
operator at a universal (CLR) operator’s posi-
tion, which positions are not provided with the
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ing at the distant toll office switch train. There-
fore, the operator upon noting the lighted condi-
tion of the call supervisory lamp 601 will now
momentarily operate her non-locking ring-call
key K-—I{3 so that the battery potential will be
applied to the positive talking conductor to indi-
cate the above-mentioned operation and thereby
start the automatic ringing of the wanted sub-
seriber from the ringing equipment at the distant
toll office. The detailed operation of the equip-
ment at the central office toll board responsive
to the momentary operation of the ringing call
key K—I13 is the same as has been described
hereinbefore.

Answering supervision

When the called subscriber answers, the well-
known supervisory action takes place in the train
of switches in the called exchange to cause an
snswering supervisory signal to be transmitted
back over the toll line TL—2 to the impulse
repeater IR—2, Fig. 1.

In the calling central office exchange, when
this answering supervisory signal is received by
the impulse repeater IR—2, ground potential is
disconnected from the EC wiper of the 801 wiper
set, thereby extinguishing the call supervisory
lamp 60{ at the central office toll board (finder
F—1 of PFig. 6), to inform the toll operator that
the call has been answered.

Conversation now takes place over the estab-
lished connection. The central office toll operator

stamps the toll ticket to indicate thereon the

starting time of the toll call, and she aiso re-
stores her talking key K—I to disconnect her
position talking conductors from the connection
so she may complete other calls.

Disconnect supervision

When the conversation has been terminated
and the called subscriber at the distant toll office
replaces his receiver, the impulse repeater IR—2
is again controlled by the distant exchange
switches to place a ground potential on the EC
wiper of the wiper set 80i, Fig. 8. When this
oceurs, the call supervisory lamp 601 of the finder
F—1{, Fig. 6, is again lighted to give disconnect
supervision to the toll operator at the central
office toll board.

It will be understood, that in the event that
the called subscriber at the distant toll office
desires to signal the operator at the central office
toll board he may do so by operating his switch-
hook up and down & few times so that the call
supervisory lamp 60i. gives a flashing signal
(which is more or less irregular) to indicate to
the toll operator that the called subscriber desires
to talk to her,

When the calling subscriber at the automadtic
cffice #8 replaces his receiver, the answering
supervisory relay 650 of the finder F—i, Fig. 6,
will restore and cause the answering supervisory
lamp 602 to light, thereby giving the toll operator
the disconnect signal for the calling subscriber.

Clearing out

The operator may now clear out the connec-
tion by depressing the non-locking release answer
and call key KE—1{ thereby releasing the calling
and called ends of the connection. The release
of the toll first selector TFS—I of Fig. 7 and the
finder F—I1 of ¥ig. 6 has been previously
described.

In the toll line selector TLS—2, Fig. 8, when
ground is removed from the C terminal 800, upon

37
the release of the toll first selector TFS—I,
switching relay 810 restores and disconnects the
wipers 801, at the same time it closes a circuit at

armature 876, through contacts of restored relays
810 and 820, and by way of off-normal contacts

of release magnet RLSE. the wipers 801 are
restored to normal position in the usual manner.

The releasing of the repeater IR—2 of Fig. 1.

is the same as described in the above-mentioned
Wicks application.

Overfiow at the toll line selector TLS—2

The operation involved when an overflow con-
dition is encountered at a toll line selector, such
as the selector TLS—2, Fig. 8, will be explained.

In the previous description of the operation of
this toll line selector in & call through the central
office toll board apparatus and the toll line TL—2
to a distant toll office, it was brought cut that
the toll line selector TSL—2 is a level-hunting
selector, s¢ arranged that it may automatically
elevate its wipers one or more additional steps
to enable trunk groups having trunk lines leading
from successive levels to be reached in the event
that all the trunk lines in the first level of a
multi-level group are in use. As explained, this
automatic operation is' under control of the
change-over relay 850 and the vertical test wiper
VW. In the event that all of the trunks leading
from the sixth level, for example, are in use,
level busy relay 802 is energized over conductor
803 in a chain circuit including contacts of chain
relays connected to the trunk lines of the sixth
level. Under this condition, the vertical test
wiper VW is unable to find a ground potential
to actuate the change-over relay 850. Therefore,
the vertical magnet VERT. is again operated to
raise the wipers 801 and vertical test wiper VW
of the selector to the next level. The seventh
level also is provided with a level busy relay, as
is indicated by the broken line connection to
ground, extending from the seventh contact in
the banks of the vertical test wiper VW. It will
be noted that no level busy relay is provided, how-
ever, for the eighth level, as this level is the
final level of the #6 trunk group. The eighth
contact in the bank of the vertical test wiper VW
is directly grounded, whereby an actuating circuit
for the change-over relay 8358 is always closed
when the wipers of the selector are brought to the
eighth level in its level hunting operation. The
wipers are rotated over the terminals of the eighth
level to search for an idle trunk in the same
manner as has been previously described.

In the event that no idle trunk is found in this
final level of the group, the wipers of the selector
continue to be rotated until they pass onto the
eleventh rotary position (one step beyond the set
of bank contacts of the tenth trunk of the level)
or overflow position. When this position is
reached, overflow contacts 884 are closed to pro-
vide a reoperating circuit from battery, upper
winding of series relay 830, overflow contacts
884, test or upper winding of switching relay 810,
to the grounded incoming C conductor. Series
relay 830 and switching relay 870 will both ener-
gize over this circuit, switching relay 870 opening
the stepping circuit of the rotary magnet ROT,
at armature 876. The line relay 810 and release
relay 820 are restored to normal responsive to the
opening of the circuit of the line relay at arma-
tures 871 and 872. The switching relay 8710 is
now maintained operated by a locking circuit in-
cluding its middle winding, armature 815 and the

" 882, for release magnet RLSE. By the operation
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grounded incoming C conductor. Series relay
830 remains operated from the grounded incom-
ing C lead in series with the upper winding of the
switching relay 870 through the actuated over-
flow contacts 884.

During the time reguired for slow-acting re-
lease relay 820 to restore, a meter operating pulse
is transmitted from ground at armature 822,
armature 831 of the actuated series relay 830, to
the C wiper of the 80f wiper set.

Supervisory pulses of about sixty impulses per
minute are transmitted back over the incoming
EC lead through the overflow contacts 885, to
flash the call supervisory lamp 801 and thereby
inform the calling toll operator of the group busy
condition.

When the preceding switch restores, responsive
to the operation of the release call key K—I12 by
the central office toll operator, ground potential
is removed from the incoming C lead of toll line
selector TLS—2, thereby removing the holding
circuit for series relay 830 and switching relay
870, which relays thereupon restore to normal.
At armature 876, relay 870 completes a circuit by
way of the armatures 811 and 824, and off-normal
contacts 882 to the release magnet RLSE. which,
upon operating, clears out the selector in the
usual manner.

The called line busy

When the called line in the distant toll office,
reached by way of the toll line TL—2, is busy,
the call supervisory lamp 601 at the toll opera-
tor’s position is caused to flash at the rate of 120
times a minute instead of 60 times a minute,
whereby the operator may distinguish between a
busy line supervisory signal and a busy trunk
group supervisory signal. When the toll operator
receives a busy line flashing signal she operates
her release call key K—12 to release the called
end of the connection, but she does not operate
her release answer key K—8, thereby holding the
calling end of the connection. The operator may
now set up the connection again to call the wanted
subscriber.

Calling a toll operator over toll line TL—2

In order to secure extension of the above de-
scribed connection to the toll board at the distant
end of the toll line TL—2, instead of to a called

subscriber, the central office toll operator sets up .

the digits 4 and 6 on her digit key set DK (see
Fig. 1), to extend the connection to a toll line
group, of which the toll line TI—2 is one. As is
explained in the above-mentioned Wicks appli-
cation, the transmission of ringing current fol-
lowing the seizure of the toll line TL—2 without
the inter-position of further digits, results in
the signalling of the operator at the distant toll
line TL—2.

As has been pointed out herembefore if the
call being extended by the toll operator at the
central office has been received at an inward
position of the switchboard, the ringing pulse is
automatically connected to the positive talking
conductor immediately after the completion of
the retransmission of the digits registered on the
register sender equipment. However, if the call

“is received by an operator at the universal posi-
‘tion of the switchboard, she will operate her ring

. call key K—I3 to connect the ring control pulse

7

to the positive conductor. The operators at the
universal positions of the switchboard are in-
structed to operate the ring call key immediate-
ly after the sender pilot lamp is extinguished

_central office area.
: that the call is received over the toll line TL—I
* which terminates in the toll line circuit TLC of
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responsive to the completion of the retransmis-
sion of registered digits.

It will be remembered that the connection over
the toll line TL—2 previously described, that the
digits 4 and 6 to select the trunk group were fol-
lowed by the registration of the digits of the
wanted subscriber at the distant end of the. toll
line TL—2, The retransmission of these digits
resulted in establishment of a connection with
the wanted subscriber by way of the automatic
switches at the distant end of the toll line TL—2.
However, in the connection being described the
transmission of the digits 4 and 6 to select the
trunk group in which toll line TL—2 is located,
is immediately followed by the ringing control
pulse which results in the signalling of the toll
operator at the distant toll office.

It may be assumed that a connection is ex-
tended through the finder selector link of Figs. 6
and 7 and the toll line selector TLS—2, to the toll
line TL—2 by way of the repeater IR—2 of Fig. 1.
This repeater operates in the manner described
in detail in the above-mentioned Wicks applica-
tion responsive to the completion of the trans-
mission of the digits registered and the resulting
connection of the ground connected loop test re-
lay 1540 of the sender link SL—1 of Fig. 15 to the
negative talking conductor, coupled with the
opening of the positive talking conductor, to
render the trunk “dry”. When the loop test re-
lay 1540 is permitted to restore upon the drying
of the loop, relays 1560 and {570 momentarily
connect the ringing control battery pulse to the
positive talking conductor of the trunk to control
the ringing relay in the repeater IR—2. The toll
operator at the central office receives a signal in
the form of the lighting of the call supervisory
lamp 661 and repeater IR—2 controls the signal-
ling of the toll operator at the distant end of the
toll line TT—2. ‘

The call supervisory lamp 60i at the central
office operator’s position remains lighted during
the interval that the distant office toll operator is
being signalled and when the distant office oper-
ator responds, the answering supervisory pulse
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transmitted back over the toll line TL—2 causes -

the supervisory lamp 601 to be extinguished to
give the central office toll operator a dark lamp
answering supervision.

The central office toll operator gives the dis-
tant toll operator the necessary information for
extending the call to the wanted subscriber in
the distant toll office area. After the established
connection has been completed and the central
office toll operator receives the disconnect super-
vision by the lighting of her calling and answer-
ing supervisory lamps 601 and 602, respectively,
she may operate her release answering and call
key K—I1{ to clear out the entire connection.

Calling from toll to local manual office #4

The operations involved in completing a call
originating in a distant office (toll) to a desired
line of a manual exchange in the central office
area will now be explained. For this purpose it
will be assumed that a subscriber in a toll office
(interconnected by means of toll lines such as
toll line TL—I) is calling the subscriber at sub-
station B, Fig. 2, in the manual office #4 of the
It will be assumed further

Fig. 2.
When the toll line TL—1 is seized at the dis-
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tant exchange and ringing ciirrent is projected
thereover, the shaded-pole, alternating current,
ring-up relay 270 Is actuated and thereby opens
the energizing circult for the slow releasing sig-
nal relay 260. The start relay 280 is accordingly
operated, causing the grounding of the start con-

ductor 286 to start the distributor of Fig. 12, and

to mark the C conductor in the banks of the finder
switches.

1t will be assumed that an inward operator at
the central office switchboard, Fig. 11, has oper-
ated her talking key E-—I to select an idle finder,
such as the finder P—1 of Fig. 5, and thereby has
marked her position idle in the testing circuit of
the distributor, Fig. 12. Furthermore, it will be
assumed that the finder has been selected by the
operation of the distributor (as previously de-
The
finder ¥—1 of Fig. 6 operates in the manner
previously described to search for the calling toil
line circuit. When the finder F—I hsas found the

calling toll line circuit TLC of Fig. 2, the central

office toll operator receives the seizure tone (com-
monly referred to as zip-zip tone). The toll op-
erator converses with the distant operator over
the toll line TL—I and receives the information
as to the destination of the call being extended.

The group identity lamp 218 of the toll line
elrcuit TLC is lighted to indicate the toll group
over which the call is received, the link busy lamp
603 is lighted to indicate the link used in con-
necting with the calling line, and the sender {
pilot lamp 1500 is lighted to indicate that the
sender link SL—( has found an idle register
sender equipment and is in a position to receive
the digits of the called number.

Having acknowledged the call and having re-
ceived the number of the wanted subscriber,
which In this case is the subscriber B at the local
manual exchange in the ceniral office area, the
operator is now ready to set the call up by oper-
ating her digit keys DK.

Referring now to Fig. 1, it will be noted that
the toll line TL—I1, which terminates in the toll
line eircuit TLC, is accessible to the finder F—I
and its associated toll first selector TFS—2. The
inward operator’s equipment PE—{ together
with the link finder LF-—1 or LF—2, sender links
SI—{ and SL—2, and sender selectors SS—I
and 89—2 together with the register sender RS
are assoclated with the finder selector link, F—I|
and TFS—2, to control the setting up of the
above-mentioned connection, The operator at
the inward position of the switchboard, when
setting up the digits of the wanted subscriber,
must prefix the subscriber’s number with the
trunk selecting digits 2 and 4.

The toll first selector TFS—2 will respond to
the two impulses indicative of the digit" 2 as
transmitted from the register sender equipment
to set the wipers of the switch to the second level
of its associated bank contacts. The wipers are
automatically rotated over the contacts in the
second level of the bank to select an idle trunk
extending to the toll office selector, such as TOS.
The second digit registered, the digit 4, controls
the toll office selector TOS to raise its wipers to
the fourth level of the switch and then auto-
matically rotates them to find an idle trunk cir-
cuit and associated trunk line, such as the trunk
circuit TC—!{ and the associated trunk line T—3,
terminating in a repeater at the B-operator’s
position in the manual office #4. The call in-
dicator equipment CI—I, associated with the re-
peater R—I, responds to the remaining digits

retransiitted by the réeglster sender equipment

at the central office, to light the call indicating.

lamps at the B operator’s position to indicate
the number of the wanted subscriber’s line.
From the above description, a general idea may
be had of the switching operations required to
extend a call from the toll line TL—1 to the sub-
scriber at substation B in the local manual ex-
change #4 of the central office area.

Setting of the toll flrst selecior
When the toll operator notes the above-men-
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tioned lighting of the sender No. § pilot lamp -

1500, she depresses her digit keys DK to register
the numbers 2 and 4 (the manusl office #4 trunk
group number) plus the number of the sub-
scriber at substation B. The registers R to RS,
inclusive, of Figs. 18 and 19, {ogether with the
interrupter and control relay, Fig. 20, impulse
counting relays of PFig. 21, and the sender con-
trol relays, Fig. 17, cooperate in the manner pre-
viously described to control the pulsing relay
{528 of the sender link SL—{, Fig. 15, to operate
the pulsing contacts §52{ and thereby retransmit
impulses corresponding in number to the digits
as registered. When all of the digit keys have
been depressed to register the number, the oper-
ator then depresses the disconnect key in order
to release the register sender equipment from the
sender link when 2ll of the digits registered have
been transmitted. The operator may also re-
store her talking key K--! associated with the
finder F—1{ of Fig. 6 in order that she may
answer other calls.

The toll first selector TFS—I of Fig. 7 (which
selector is the same as TFS—2, Fig. 1) responds
to the first set of impulses, indicative of the first
digit 2, by raising its wipers opposite the second
level of its associated bank contacts and auto-
matically rotating the wipers in search of an idle
toll office selector. The toll office selector TOS
of Fig. 10 is the first one found to be idle, and is
accordingly seized by way of the terminals 1015,
shown in Fig. 10. .

Setting of the toll office selector TOS

When the toll office selector TOS of Fig. 10 is
seized by the toll first selector TFS—{ of Fig. T,
ground potential is applied to the C conductor
preparing the line relay 1010 for operation over
the loop circuit including the negative and posi-
tive talking conductors. The toll office selector
responds to the second set of impulses, indicative
of the second digit 4, by raising its wipers oppo-
site the fourth level of its associated bank con-
tacts.

The wipers {0i6 are then rotated across the
bank contacts in search of an idle trunk circuit,
similar to the trunk circuit TC—I{ shown in Fig.
22A, connected to an idle interoffice trunk line,
such as the trunk line T—3 extending to the re-
peater R—{, Figs. 23 and 24, in the called man-
ual office #4,

It will be assumed that the first idle trunk cir-
cuit reached by the wipers {016 is the trunk cir-
cuit 'TC—{ of Fig. 22A. When this occurs, the
battery potential applied to the C terminal 2250
in the bank of the selector TOS, by way of the
winding of cut-off relay 2270 and the armature
2261, is encountered by the C wiper of the wiper
set 1016. . The switching relay 1048 and the cut-
off relay 2270 energize in series in a circuit from
battery, winding of the cut-off relay 2270, arma-
ture 2261, C terminal 2250, C wiper of the {016
wiper set, the normally closed contacts con-
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trolled by armature (83(, armature {021 of the
operated release relay 1020, test. winding (upper
winding) of the electro-polarized switching re-
lay (040, to the grounded incoming C conductor,
The operation of the cut-off relay 2270 of the
trunk- circuit TC—I removes battery potential,
by way of the winding of busy relay 2260, from
the negative talking conductor, atarmature 2271,
The switching relay 1040 of the selector TOS, op-
erates to extend the dialling loop circuit to the
trunk circuit TC-—1 and the trunk line T—3 to
the repeater R—I in the manual office #4. Re-
lay 1040 also places a direct ground potential on
the C wiper to maintain the cut-off relay 2210
energized #nd to prevent other selectors, such as
the selector TOS, from seizing this trunk cir-
cuit; and it terminates the rotary movement of
the switch and prepares the supervisory circuit
over the EC conductor as has been pointed out
previously. )
Seizing the repeater R—I1

When the above-mentioned loop circuit is ex-
tended over the negative and positive talking con-
ductors to the trunk T—3 a circuit is compileted
for the line relay 2410 of the repeater R—I,
shown in Figs. 23 and 24. The operating circuit
of the line relay 24{0 may he traced over the
following path: ground, upper winding of line
relay 2410, normally closed contacts controlled
by armature 2354, armature 2342, upper winding
of differential relay 2330, armature 2352, arma-
ture 2311, positive talking conductor of the loop
circuit including the impulsing contacts {521 on
the pulsing relay 1520 of the sender link SL—I,
Fig. 15, back over the negative talking conductor,
armature 2312, armature 2351, armature 234{,
lower winding of the differential relay 2330, nor-
mally closed contacts controlled by armature
2355, lower winding of line relay 2410, to battery.

40 The line relay 2410 operates over this circuit and
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completes an operating circuit for the release
relay 2420 from ground at armature 2411,

Attention is called to the fact that the repeater
R—1 of Figs. 23 and 24 is similar to the operator's
plug-ended cord circuit O of Fig. 2 in Patent
1,775,834, issued to Rudolph F. Stehlik, September
16, 1930. The conductors 2371-23719, inclusive,
extending from the repeater R—I, connect with
call indicator apparatus similar to that disclosed
in the above-mentioned Stehlik patent. The call
indicating equipment is not a part of this disclo-
sure and is therefore, not shown. However, the
controlling operations required to operate the
register selector, register control switches, and
registers in the ahove-mentioned Stehlik patent,
in order to have the called subscriber’s number
displayed on the B operator’s lamp panel, will be
pointed out in connection with the description
of operation of the repeater R—I.

It will be assumed that the register selector
(not shown) associated with the repeater R—i{
has its wipers connected to a busy register (not
shown). . Therefore, when the repeater R—I is
seized, and line relay 2410 and release relay 2420
are operated, the release trunk conductor 2313
is grounded and completes a circuit for operat-
ing the motor magnet of the associated register
selector over the following circuit: the grounded
release trunk conductor 2373, armature 2359,
armature 2444, armature 2424 of the operated
release relay 2420, over the motor magnet con-
ductor 23175, to operate the motor magnet of the
register selector, causing it to advance its wipers
in search of an idle register. The pulse cut-
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through relay 2440 of the trepeater R—/{ is short-
circuited from ground st armature 242! of the
operated release relay 2420, so that it cannot op-
erate until o free register is fourrd. At armature
2422, release relay 2420 prepares a circuit for the
transmission of impulses over the impulse con-
ductor 2314 and at armature 2423 opens the cir-
cuit of the trunk busying relay 2310 in order to
prevent the trunk busying relay from operating
and disconnecting the talking conductors of the
trunk T—3 from the repeater R—i. When an
idle register (not shown) is found by the reg-
ister selector (not shown), ground potential is
removed from the release conductor 2313, thereby
removing the short circuit from around the wind-
ing of the pulse cut-through relay 2440. When
this occurs, the pulse cut-through relay operates
over & circuit from ground at armature 2412 of

the operated release relay 2420, armature 2387,

winding of the pulse cut-through relay 2440, mo-
tor magnet conductor 2315, to battery by way
of the register selector motor magnet. The mo-
tor magnet of the register selector (not shown)
does not operate in series with the resistance of
the pulse cut-through relay 2440, however, the
pulse cut-through relay operates and replaces the
indirect ground from armature 2421 maintained
on the release trunk conductor 2318, by direct
ground from armature 2444. The direct ground
placed on the release trunk conductor 2313 locks
up the seized register (not shown), while the ~los-
ing of the contacts at armature 2441 prepares the
impulsing circuit to the seized register by way of
impulsing conductor 2374.

The repeater R—I is now prepared to receive

the impulses indicative of the remaining digits of

the wanted subscriber’s number. The pulsing re-
lay 1520 of the sender link SL—I, PFig. 15, inter-
rupts the circuit of the lime relay 2410, in the
repeater R—I1, at the impulsing contacts (521.
Line relay 2410 follows the Impulses of each series
received, causing the operation of the various
registers of the call indicator equipment in order
to display the wanted subscriber’s number on the
lamp panel at the B operator’s switchboard posi-
tion. The pulses for setting the various registers
(not shown) are transmitted from ground at ar-
mature 2411 of the line relay 2410. Each time
the line relay falls back this ground potential

. is applied, by way of armature 2422 of the oper-

ated release relay 2420, armature 2441 of the
opuerated pulse-cut-through relay 2440, armature
2423, over the impulsing conductor 2474 to set the
above-mentioned registers. The release relay
2420 is of the slow-to-release type and remains
energized during the momentary interruption
of its circuit by the falling back of the line relay
2410.

'The register equipment of the call indicator
board as described in the above mentioned
Stehlik patent, and when the display lamps at
the switchboard are lighted, a ground potential
is applied to the lamp conductor 2376 causing the
operation of relay 2470 and the lighting of the
call lamp 2415 over .the following -circuit:
grounded lamp conductor (grounded by the op-

eration of the register equipment), armature 2442

of the operated pulse cut-through relay 2440,
winding of relay 2470, armature 2356, armature
2492, call lamp 24185, to battery. It will be noted
that a branch of the circuit includes armatures
2472 of relay 2410, armature 2408, supervisory
lamp 2416 and battery. Both the call lamp and
the supervisory lamp 2415 and 2416, respectively,
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will light, the latter Jamp lighting only momen- 7%
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tarily because of the immediate operation of ‘the
relay 2470 in series with the call lamp 2415.
‘The manner in which the B operator handles

" the call displayed before her on the lamp panel

will now be considered.. The call lamp 2415,
which is individual to the plug-ended repeater
R—I, is lighted simultaneously with the lamps

in the lamp panel, thus enabling the operator to
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2450 at armature 2321.

5 .repeater R—1.

know which one of the repeater circuits is being
used by the incoming call. When the operator
observes the number of the wanted subscriber’s
line and knowing by the lighting of the call lamp
2415 that the repeater R—I is the one in use, the
operator will test the multiple jack of the called
subscriber’s line with the tip of her plug P in
the usual manner in order to find out whether
or not the called line is busy.

It will be recalled that when the digits as
registered by the register sender equipment at
the central office have been transmitted that the
automatic ring control pulse of battery is
momentarily applied to the positive talking con-
ductor of the trunk. Since this call is being
handled by an operator at the inward position
of the switchboard, this ringing control pulse
of battery is automatically connected to the posi-
tive talking conductor, whereas, if ‘the call is
handled by an operator at a universal position
of the switchboard, the ringing control battery
pulse is applied to the positive talking conductor
by way of the momentary operating of the ring-
ing call key K—I3.

Responsive to the momentary application of
battery’ to the positive talking conductor, the
ringing relay 1080 of the toll office selector TOS,
Fig. 10, is momentarily operated and connects
the ringing generator GEN. to the negative talk-
ing conductor and ground to thepositive talking
conductor of the trunk T-—3 by way of the nega-
tive and positive wipers of the wiper set {016.
‘When this occurs, the ringing control relay 2320
of the repeater R—I{, Fig. 23, is momentarily
operated and closes a circuit for the ringing relay
Ringing relay " 2450
operates and at armature 2453 completes a lock-
Ing circuit for itself by way of armature 2461,
armature’ 2482, and ground at armature 2421
of the operated release relay 2420. When the
battery pulse on the positive talking conductor
is removed, responsive to the deenergization of
slow-to-release relay 1560 of the sender link
SL—I{, Fig. 15, ringing relay 1080 in the toll office
selector TOS falls back and again connects the
talking conductors of the trunk through to the
Ringing control relay 2320 re-
stores and opens the initial energizing circult of
ringing relay 2450, which is now locked up by
way of a circuit including armature 2453. Re-
sponsive to the operation of relay 2450, a circuit

As prepared for the ring-cut-off relay 2450 by

way of armature 2451, and the ringing circuit
is prepared by the closing of the front contaets
of armature 2452.

The repeater R—I is now prepared to ring the
called subscriber when the operator inserts the
plug P in the wanted subscriber’s line jack.

Called line busy

It will be assumed that when the operator at
the manual exchange made the busy test by
touching the tip of the plug to the line jack, that
the selected line was in use and that the operator
heard the well known busy “click” in her re-
celver. The B operator-will then operate her
busy key, thereby .applying ground potential to
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the busy key conductor 2379. When the busy
key conductor 2419 is grounded, busy relay 2480
is operated by way of armature 247{ of the
operated relay 2470, and armature 2402. Busy
relay 2480 completes a locking circuit for itself
by way of armature 2482 and ground at arma-
ture 242( of the operated release relay 2420. At
the back contacts of armature 2482, relay 2480
opens the locking circuit of the ringing relay
2450 which restores; it completes a circuit for
reversing relay 2350 from the grounded lamp
conductors 2316, armature 2442 of the operated
pulse-cut-through relay 2440, armature 2484 of
the operated busy relay 2480, normally closed
contacts controlled by armature 2357, winding
of reversing relay 2350 to battery; and at arma-
ture 2481 it connects the interrupted ground
conductor 2377 to the upper winding of the back
bridge relay 2340 over the following circuit:
interrupted ground conductor 2377, armature
2481, resistance RY, lower right-hand winding of
the repeating coil 2368, upper windmg of back-
bridge relay 2349, to battery.

Responsive to the operation of reversing relay
2350, the current. flow over the talking conductors
of the trunk is reversed at armatures 2354 and
2355, respectively, thereby reversing the current
flow through the upper winding of switch-over
control relay {860 in the toll office selector TOS
of Fig. 10, to prepare the supervisory circuit of
the call lamp 60( at the toll operator’s switch-
board. Supervisory relay 1070 is also operated
over the loop circuit and completes a circuit at
armature 107§ for lighting the call supervisory
lamp 60f at the operator’s switchboard. The
back bridge relay 2340 of the repeater R—I is
rapidly operated and restored and consequently
removes battery from the talking conductor of
the trunk T—3 at the back contacts of arma-

fures 2341 and 2342, respectively. At the front.

contacts of armature 2342, relay 2340 completes
a holding circuit for the lower winding of line
relay 2410 from ground at armature 243{, to pre-
vent the line relay from restoring at the time the
back bridge relay 2340 is operated. This rapid
removal of the battery potential from the talking
conduetors of the trunk T—3 results in an inter-
rupter circuit for the supervisory relay 1070 of
the toll office selector, Fig. 10. The interrupted
ground conductor 2817 connects the ground po-
tential to the conductor intermittently at a rate
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of about 120 times a minute, consequently back -

bridge relay 2340 also operates and falls back
at the same rate, together with the supervisory
relay {070. When this occurs, the circuit for the
call supervisory lamp 60{ at the toll operator’s
switchboard is interrupted at the same rate and
results in the characteristic flashing of the call
supervisory lamp 601 to notify the toll operator
of the busy condition of the called line,

As a further result of the operation of re-
versing relgy 2350, the direct ground potential
applied to the release trunk conductor 2313 is
removed at armature 2358 and results in the
restoration of the associated call indicating equip-
ment (not shown); it completes a locking cir-

" cuit for itself from the ground at armature 2421

of the operated release relay 2420; and it opens
the circuit for the call supervisory lamp 2418 at
armature 2356.

The toll operator at the central. office clears
out the called end of the connection by opersting
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her release call key K—i2 (when she recelves the -

flashing lamp signal) which results in the release
of the selectors used in the present connection,

18
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as before described, the toll office selector TOS,
Fig. 10, releases between successive operations of
the supervisory relay 1070. When the toll se-
lector TOS restores it opens the loop circuit of

5 line relay 2410, when the back bridge relay 2340
is in a restored position, which falls back and
opens the circuit of release relay 2420. At arma-
ture 2421,
ing ground from reversing relay 2358, and busy

10 relay 2480 and accordingly, the repeater R—I is
restored to normal.

Called line idle

It will now be assumed that when the call iIs
15 received by the B operator at the manual ex-
.~ change #4 and the usual busy test is made, that
the wanted subscriber’s line is idle. ‘The operator
will insert the plug P into the line jack of the
wanted line (not shown), causing the immediate
g0 operation of the sleeve relay 2400 by way of the
: grounded sleeve conductor of the wanted sub-
scriber’s line. The cut-off relay of the called line
is energized in series with the sleeve relay 2400
to clear the line of its normal battery and ground

g8 connections in the usual manner.

It may be well to mention at this time that
when the call lamp 2415 was lighted, that relays
2410, 2420, 2440, 2450, 2410, are all in operated
condition when the operator inserts the plug P in

30 on the wanted subscriber’s line jack. Therefore,
when sleeve relay 2400 is operated, it performs
a number of circuit operations as follows: at
armature 2401 sleeve relay 2400 removes the busy
. test conductor 23718 from the tip of the plug P and
35 at its front contact prepares a point in the talking

circuit; at armature 2402 it opens a point in the

circuit of busy test relay 2480 to prevent its op-
eration as long as the connection is made to an
idle line; it opens a point in the locking circuit of
40 the without busy-test relay 2480 at armature
2403 in order to prevent the relay from being
locked in its energized position when it is used
for supervisory purposes; at armature 2404 it
applies ground potential to the trunk busying
45 conductor 2272 which is of no consequence at this
time; at armature 2405 it opens a point in the
circuit of the interrupted ground conductor 23177;
at armature 2409 it opens & point in the circuit
of the supervisory relay 2418; at armature 2407
so it completes an energizing circuit for the reversing
relay 2350 from the grounded lamp conductor
2316, armature 2443, armature “2401, normally
closed contacts controlled by armature 2357,
winding of reversing relay 2330 to battery; and
88 at armature 2408 it prepares a circuit for the
supervisory lamp 2416 which is now opened by the
reversing relay 2360.
Responsive to the operation of reversing relay
2450, a locking circuit is completed for itself by
60 way of armature 2357 and its front contact and
ground at armature 2421 of the operated release

relay 2420, while at the back contacts of this.
~ same armature the initial energizing circuit for .

the pulse cut-through relay 24490 is opened, per-
¢ mitting the relay to restore, while at the nor-
mally closed contacts controlled by the front con-
tacts of armature 2357, it opens its initial ener-
gizing circuit in order that the releasing of the
puise cut-through relay and its subsequent dis-
70 connecting of the ground lamp conductor does
not have any effect on relay 2350 at this time.
Asa further result of the operation of relay 2350,
ringing current is now extended to the called
subscriber’s line over the following path: Inter-
75 Tupted generator conductor 2371, armature 2383,

release relay 2420 removes the hold-
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armature 2452 of the operated ring relay 2450,
ring conductor of the plug P, over the ring con-
ductor of the called subscriber’s line and through
his associated ringer, back over the tip conductor

of the line and plug P, armature 2401 of the 5
operated sleeve relay 2400, armature 2451- of the
operated ring relay 2450, winding of the ring
cut-off relay 2460, to battery. At the same time
that the above-traced circuit is completed a ring-
back circuit for transmitting ringing tone to the 19
calling subscriber (or to the toll operator if she
has not restored her talking key K—{) by way

of the tone condenser 2409, armature 2481, re-
sistance R—8, lower right-hand winding of re-
peating coil 2360, upper winding of the back 135
bridge relay 2340, to battery. The tone current
flowing through the right-hand winding of the
repeating coil 2360 induces a tone in the left-
hand winding which is audible to the calling
subscriber or toll operator, as the case may be. g¢
The operation of reversing relay 2350 removes
the shunt around the left-hand windings of the
repeating coil 2360 by the opening of contacts
of armatures 2350 and 2352, so the above-men-
tioned tone will be audible to the listening party. o5
As a further result of its operation, relay 2350
opens a point in the circuit of the supervisory
lamp 2416 at armature 2358; it removes ground
potential from the release trunk conductor 2373

at armature 2388, thus permitting the associated 30
call indicator equipment to be restored to nor-
mal; it opens the circuit of relay 2470 at back
contacts of armature 2356, while at its front
contacts it prepares a circuit for connecting the
call lamp 418 to the interrupter ground conductor 38
2317 in order to give the B operator a flashing
lamp in case she removes the plug P from the
jack of the called subscriber’s line prematurely.
Furthermore, at armatures 2354 and 2385, relay
2350 reverses the direction of current flow over the 40
talking conductors of the trunk T—3 thereby
causing the operation of the switch-over control
relay 1060 of the toll office selector TOS, Fig. 10.
Differential relay 2330 of the repeater R—I does
not operate because its windings are in oppo- 48
sition.

Supervisiim for the central office toll operator

Referring now to the toll office selector TOS,
Fig. 10, it will be noted that when the direction gp
of current flow over the trunk T—3 is reversed,
the current flow through the upper winding of the
switch-over control relay 1060 is in the proper
direction thereby causing the relay to operate
and short-circuit its upper winding at arma- §§
ture 1061. However, the relay does not fall back
when the short circuit is placed around its operat-
ing winding because of the holding circuit main-
tained through the lower winding of the relay.
At armature 1062, switch-over control relay (060 @0
connects the incoming grounded C conductor
through to the armature (071 of the supervisory
relay 1070, and at armature 1063 connects the
incoming grounded C conductor through the
lower winding of switch-over relay 1050. a5

It will be recalled that when all the digits
have been retransmitted by the register sender
equipment at the toll operator’s switchboard that
a momentary pulse of battery is applied to the
EC conductor, resulting In the operation of the 7¢
switch-over relay 1050 by way of its upper wind-
ing. If the relay is not operated for some reason
or other, the circuit completed for its lower wind-
ing by way of armature 1063 of the switch-over
control relay 1060 will cause the operation of the yg
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relay at this time. It will be assumed, however,

that the relay has been previously operated, and
that the supervisory relay 1070 is operated over
the loop circuit in series with the line relay 2410
of the repeater R—I. Therefore, when the
ground is connected to the armature (070, it is
extended by way of.its front contacts, armature
1056, overflow contacts 1095, armature 1044, to
the EC conductor, thereby causing the lighting
of the call supervisory lamp 601 at the toll oper-
ator’s switchboard position. If the toll operator
has restored her talking key K-—1 she will not

hear the ring-back tone signal but will know ~

that the called subscriber is being signalled by
the lighting of the supervisory lamp 6081 as just
explained. On the other hand, if she has not
restored her talking key K-—1 she will hear the
ring-back tone signal and will also receive the
visual signal and will restore her talking key K—1
if she has not previously done so.

Called subscriber answers

Referring again to the repeater R—1, it will be
remembered that the called subscriber is being
signalled by the transmission of ringing current
over his line. When the called = subscriber

answers, the ring-cut-off relay 2460 energizes in

the well known manner and opens the locking
circuit of the ringing relay 2450 at armature
246!. Ringing relay 2450 falls back, opening the
energizing circuit of the ring-cut-off relay 2460

at the front contacts of armature 2451 and re--

moving the interrupter generator conductor 2371

from the called subscriber’s line at the front con- -

tacts of armature 2452, while at the back con-
tacts of these armatures it connects the called
subscriber’s line to the right-hand windings of

. the repeating coil 2360, thereby completing a talk-
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ing circuit for the called subscriber which in-
cludes the upper and lower windings of back
bridge relay 2340 and the right-hand windings of
the repeating coil 2380. The back-bridge relay
2340 (sometimes referred to as the battery feed
relay) is operated over the called subscriber’s
loop and “dries” the trunk T—3 af armatures
2341 and 2342. At the back contact of armature
2341, relay 2340 opens a point in the circuit for
the upper winding of line relay 2410, which relay
is prevented from restoring by the circuit closed
through its lower winding by way of the iront
contact of armature 2342; at the front contact
of armature 2341 the left-hand windings of the
repeating coil 2360 are connected in series with
the conductors of the trunk T—3, while at back
contact of armature 2342, the battery from the
lower winding of line relay 24190 is disconnected
from the upper winding of differential relay 2330
and the lower left-hand winding of the repeating
coil 2350.

Referring now to the toll office selector TOS
of Fig. 10, it will be noted that when the trunk
T3 is “dried” supervisory relay 1070 restores to
normal, thereby removing the ground potential
from .the incoming EC conductor from the toll
operator’s switchboard. When the ground po-
tential is removed from the EC conductor, the
call supervisory lamp 60{ at the toll operator’s
position is extinguished, giving the toll operator
a dark lamp answering supervisory signal. The
required connection having been established, the
subscriber may now converse as desired.

Switchboard supervision from the called manual
subscriber

If the local manual subscriber at substation B,
Fig. 1, should desire to recall the toll operator

at the central office, he will momentarily operate
his switchhook a few times, thereby momentarily
opening and closing the circuit of the back bridge
relay 2840. Battery and ground from the wind-
ings of line relay 2810 are momentarily connected
to the talking conductors of trunk T—3 by way
of the resting contacts of armatures 2341 and
2342 and the winding of differential relay 2330,
causing the momentary operation of the super-
visory relay (070 in the toll office selector TOS,
Fig. 10. Each time supervisory relay 1070 is
energized, it applles the ground potential from
the incoming C conductor to the incoming EC
conductor by way of armatures 1062 and (071.
The momentary application of ground potential
to the EC conductor causes the call supervisory
lamp 601 at the toll operator’s switchboard to
give a flashing signal indicative of the fact that
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the called subscriber desires to converse with her. -

The operator then throws her key K—1 to con-
nect her position talking conductors with the
talking conductors of the completed connection.

The supervision of the calling end of a con-
nection received over toll line TL—I has been
described hereinbefore.

Controlling the toll line pad

When the above described connection from a
toll operator at a distant toll office is completed
by the central office toll operator to an exchange
in the central office ares, the toll line pad 214 is
connected in the toll line circuit for the purpose
previously described. Therefore, when this con-
nection is established by way of the toll office
selector 'TOS, Fig. 10, to the wanted subscriber at
substation B in the local manual office #4, the
44,000-ohm pad control resistors and battery is
bridging the conductors of the trunk by way of
the left-hand windings of the repeating coil 1600,
thereby causing the operation of the pad control
relay 220 in the toll line circuit TLC of Fig. 2,
over & simplex circuit including the negative and
positive talking conductors of the connection and
the winding of the pad control relay 220. The
pad control relay is operated over this circuit,
thereby preventing the operation of the pad cub-
out relay 210. -Therefore, the toll line pad 214 is
bridged across the talking conductors of the
above-mentioned connection to increase the
transmission qualities of the circuit.

Disconnect supervision

When the conversation has heen terminated
and the toll operator at the distant toll office
rings over the toll line TL—I, the AC relay 270
responds and causes the deenergization of signal
relay 260. The answering supervisory relay 650
of the finder ¥—I, Fig. 6, will restore and cause
the answering (calling) supervisory lamp 602 to
light and give the toll operator at the central
office the disconnect signal for the calling end of
the connection.

When the called subscriber at the manual

office #4 hangs up his receiver, the back bridge-

relay 2340 of the repeater R—I restores to
normal, thereby connecting the windings of the
line relay 2410 to the conductors of the trunk
T-—3. The supervisory relay 1070 and the toll
office selector TOS, Fig. 10, operate and connect
the ground potential by way of armature 107t
to the EC conductor and thereby light the calling
supervisory lamp 601. :
The toll operator having received the discon-
nect signal by the lighting of the answering and
call supervisory lamp 602 and 601, respectively,
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may now operate her non-locking release answer
and call key K—I 1 to clear out both ends of the
connection. The disconnecting of the calling end
of the connection has been previously described,

. together with a portion of the clearing out of the

calling end of the equipment. The clearing out
of the repeater R—I together with a portion of
the toll office selector TOS will now be described.

Responsive to the restoration of the switch
preceding the toll office selector TOS of Fig. 10,
ground potential is removed from the incoming
C conductor, thereby opening the holding circuit
for relays {040, 1050, and 1060, and causing these
relays to restore to normal. When relay (040
falls back a circuit is completed for the release
magnet RLSE. and the switch is accordingly re-
stored to normal. When ground potential is re-

moved from the incoming C conductor cut-off
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relay 2270 falls back. 'The circult maintained by
way of the righi-hand windings of the repeating
coil 1006 cver the trunk line T—3 for line relay
2410 of the repzater R—I {s opened at armatures
1053 of reiay 1050, thereby causing the line relay
2410 to restore. '

It should be noted, however, that if the called
subscriber has not released and the back-bridge
relay 2340 is maintained in its operated position,
the supervisory relay (078 in the toll office selec-
tor will be deenergized. Therefore, when ground
is removed from the incoming C conductor by
the restoration of the preceding switch, the
above-mentioned relays 1040, 10560, and 1060 are
now maintained operated from ground at arma-
ture 1046 of the operated relay 1040, by way of
armature (074 and armature 1062. Accordingly,
the toll office selector TOS cannot be released by
the toll operator until the called subscriber has
replaced his receiver. This precaution has been
provided to prevent another toll office selector,
such as TOS, from seizing the trunk line T—3,
while the called subscriber is still connected to
the circuit.

In the present connection, it will be assumed
that the supervisory relay has been operated

" responsive to the deenergization of the back

bridge relay 2340 when the called subscriber re-
placed his receiver. Therefore, armature 1053
opens the above-mentioned circuit of line relay
2410 causing the line relay to restore and open
the circuit of release relay 2420, which relay re-
stores with slow action. At armature 242i, re-
lease relay 2420 opens the holding circuit of re-
versing relay 2350. Relay 2350 falls back at
armature 2358 and closes a circuit for the super-
visory lamp 2416, thereby lighting the lamp to
give the B operator the disconnect signal.. It
will alse be noted that when- the release relay
2420 falls back, a circuit is completed from
ground at armature 2404 of the operated sleeve
relay 2400, armature 2423 of the deenergized re-
lease relay 2420, to the winding of the trunk busy
relay 2318. Relay 2310 operates and connects
ground, at armature 2312, to the negative con-
ductor of the trunk T—3 causing the operation
of the busy relay 2260 of the associated trunk
circuit TC—I, Fig. 22A. At armature 2264,
ground potential is applied to the C conductor
connected to the bank terminals 2250 and
multiples thereof to busy the trunk circuit to all
toll office selectors having access to it, during the
time the B operator is disconnecting the repeater
R—1{ from the called subscriber’s line. This pre-
caution prevents any possibility of the toll line
T—3 from again being seized before the B op-
erator has cleared out the repeater R—I.

2,167,710

When the B operator receives the disconnect
signal (the lighting of the supervisory lamp 24(§)
she removes the plug P from the called sub-
scriber’s line jack, thereby causing the sleeve re-
lay 2400 to be restored to normal. Ground is re-
moved from the winding of the trunk busying re-
lay 2310 at armature 2404, thereby removing the
busy condition from the banks of the toll office
selectors and opening the circuit of the super-
visory lamp 2418 at armature 2408, to extinguish
the supervisory lamp 2418. The repeater R—I
is x}ow restored to normal and is available for new
calls.

Receiving a called subscriber’s number before the
repeater R—1 i3 connected to an idle call indi-
cating equipment

The purpose of the puise disconnect relay 2349
will now be explained. It will be assumed that
the repeater R—I has been seized and that the
line relay 2410 has been operated over the calling
loop and has accordingly operated release relay
2420. If the repeater R—I is not associated with
an idle call indicating equipment, the pulse cut-
through relay 2440 cannot operate. The opera-
tion of the release relay 2420 closes a circuit at
armature 2424 for operating the rotary magnet
of a call indicating selector switch by way of con-
ductor 2378 from the grounded release conductor
2313. However, it may be possible that an idle
call indicator is not associated with the repeater
R—1{ before a portion of the first digit of the
wanted subscriber’s number has been received by
the line-relay 2410. Therefore, when line relay
2410 falls back the first time (responsive to the
first impulse received) a circuit is completed from
ground at armature 24(1, armature 2422 of the
operated release relay 2420, armature 2441 of
the deenergized pulse cut-through relay 2448,
winding of pulse disconnect relay 2430, to battery.
Relay 2430 energizes and at armature 2432 com-
pletes a circuit for itself independent of the back
contacts of armature 2411 and at armature 2433
it opens a point in the circuit for the impulse
conductor 23714, Therefore, each time the line
relay falls back, responsive to the remaining im-
pulses of the first digit, the circuit of the pulse
disconnect relay is completed, thereby preventing
any of the impulses of the first digit from being
retransmitted over the impulse conductor 2314
to control the call indicating equipment regis-
ters. If the pulse cut-through relay is operated
in the meantime, due to the fact that an idle
call indicating equipment has been found, it pre-
pares the impulsing circuit at the front contact
of armature 2441, After the impulses of the first
series have been received, line relay 2410 remains
energized for a longer period of time and the
slow-release pulse disconnect relay 2430 falls
back and again prepares the pulsing circuit for
conductor 2374 at the back contacts of armature
2433. Therefore, when the remaining impulses,
indicative of the remaining digits of the called
number, are recelved by the line relay 2410, the
registers of the call indicating equipment associ-~
ated with the repeater R—I are operated in ac-
cordance with the received digits.

When the call supervisory lamp 2415 and the
lamps of the display panel are lighted in front
of the B operator, she will immediately know that
one of the digits of the called subscriber’s num-
ber has not been registered (since all the sub-
scribers in the area have the same number of
digits in their telephone numbers) and will there-
fore operate her busy key. Busy relay 2480 op-

10

15

65

70

76



10

15

25

30

b1

40

45

70

(]

9,167,710

erates when the busy key (not shown) is operated

and signals the operator at the central office toll

switchboard, as previously described. The cen-
tral office toll operater will then set up the con-
nection again in- the usual manner.

From the foregoing description it will be read-
ily understood that if the pulse disconnect relay
2430 is not provided, a portion of the impulses

received by the line relay 24(0 may not be trans- -

mitted over the impulse conductor to set the reg-
isters in the call indicating equipment &nd will,
therefore, result in the extension of connections
to wrong numbers.

Local manual subscriber in central office area
calling toll )
A description will now be given of a call from
a local manual exchange subscriber, for example,
the subscriber at substation B in the local manual
exchange #4, to a subscriber, reached by way of
the toll line TL—1, in a distant toll office,

Referring to Fig. 1, it will be assumed that the

local manual exchange subscriber at substation B
(local manual office #4) initiates a call and that
the A operator extends the call, by way of trunk
line T—2 and the manual recording trunk MR, to
the central office. A finder at the central office
will find the calling line and extend the connec-
tion to the toll operator’s switchboard, which in
this case is an operator at CLR (universal) posi~
tion. 'The toll operator acknowledges the call, re-

" ceives the order, and makes out a toll ticket. The

toll operator now operates a delay call key at her
position to convert the switching mechanism at
her position from a CLR service to point-to-point
service. The toll operator now holds the original
connection while she sets up a call back to the
calling subscriber through the B operator’s equip-
ment at the local manual exchange #4. In order
to do this, she operates her dial answer key to
connect an idle register to her position equipment
and then operates the talking key of an idle find-
er. The selected finder, such as finder F—2,
raises its wipers to the first level (marked by the
operation. of the dial answer key) and then ro-
tates the wipers over the first level to find an idle
toll first selector, such as TFS—3, Fig. 1. With
the dial answer key thrown, the register sender
equipment is connected to the answering end
of the finder (the wiper end) so that the oper-
ator may set up the calling subscriber’s number
prefixed by the trunk group selecting digits 2 and
4. 'The toll first selector TFS—3 of Fig. 1 re-
sponds to the first digit and raises its wipers to
the second level to select an idle toll office selector
TOS, which selector responds to the second digit
(4) to extend the connection by way of trunk
circuit TC—1{ and trunk line T-—3 to the manual
B operator’s position. When. the B operator re-
celves this call, she will note a flashing condition
of her calling lamp, which is an indication to her
that she is to plug into the called line without
making the usual busy test. The flashing of the
call lamp at the B operator’s position is ¢on-
trolled by the operation of a “without” key K—16
(without busy test). The B operator accordingly
plugs in on the calling subscriber’s line. The toll
operator now restores her dial answer key and
the sender link operates to find an idle register
sender equipment. When the sender equipment
is found, it is associated with the called end of
the finder link. The operator now sets up the
number of the toll line group over which the con-
nection is to be extended. The toll first selector
TPFS-—I (the selector portion of the connected

45

finder selector link) and the toll line selector
‘TLS—I,.are controlled by the impulses transmit-
ted by the register sender equipment to find an
idle toll line circuit in the desired toll group.

- When the distant toll operator responds the

wanted subscriber’s number is given by the cen-
tral office toll operator and the connection is ex-
tended accordingly. When the called subscriber
responds, the central office toll operator discon-
nects from the connection and stamps the start-
ing time of the conversation on the toll ticket. -

The central office toll operator now assoclates
her equipment with the finder of the original con-
nection set up by the manual A operator and
operates her release answer key to release the
connection set up by the A operator. The reason
that the connection set up through the A oper-
ator’s position cannot be used for a toll connec-
tion is that her cord circuits are not arranged to
glve the central office toll operator the necessary
subscriber’s disconnect supervision. Therefore,
the toll operator sets up a new connection to the
calling subscriber, through the manual B oper-
ator’s position, which position is with the neces-
sary equipment to give toll supervision to the
central office toll operator.

In order to explain the detailed operation.of
the above-described connection, it will be ase
sumed that the subscriber at substation B (Fig. 1)
has removed his receiver and that the A oper-
ator at the local manual office #4 has responded
and has extended the connection by way of the
toll line T—2 to the manusal recording trunk cir-
cuit MR of Fig. 4. When the A operator inserts
her plug into the trunk jack, line relay 410 of
the manual recording trunk MR is operated over
the loop circuit including the A operator’s cord
circuit. At armature 412, line relay 410 com-
pletes & circuit for the lower winding of the start
relay 420, and at armature 411 battery potential
from the upper winding of cut-off relay 430 is
connected to the C conductor 460 and multiples
thereof in the banks of the finder switches, such

as the inder F—1, Fig. 6, to mark the line as call-

ing. In response to the operation of start relay
420, ground potential is applied to the start con-
ductor 445, at armature 442, to start the dis-
tributor of Fig. 12 in the same manner as has
been previously described.

It will be assumed that a CLR (universal) op-
erator at the central office switchboard has oper-
ated a talking key of an idle finder link (such
as the finder F—I1 of Fig. 6) and thereby has
marked ber position idle in the testing circuit of

‘the distributor, Fig. 12. PFurthermore, it will be

assumed that the finder has been selected and
has found the calling line, which in this case is

- the manual recording trunk circuit of Fig. 4, and

that the operator has been signalled by the light-
ing of the link busy lamp, and, in addition, has
received the call tone (zip-zip tone) signal.
When the finder finds the calling manual
recording trunk, cut-off relay 430 is operated
when ground potential is returned on the C con-
ductor from the finder switch. At armature 431,
cut-off relay 430 prepares a locking circuit for
both of its windings in series with the grounded
C conductor; at armature 433 it prepares a
shunting circuit for the lower winding of line
relay #10; and at armature 432 it completes an
energizing circuit for supervisory relay 440.
Supervisory relay 440 operates and at the back
contact of armature 442 it opens the energizing
circult for the start relay 420; it opens the start
conductor at armature 444; it prepares a holding
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circuit for the cut-off relay 430 at armature 441,
which-circuit is at present shorted by the circuit
including the upper winding; and at armature
442 and its front contact, it completes a locking
circuit for itself. Responsive to the deenergiza-
tion of start relay 420, the high resistance lower
winding of line relay 410 is shunted out of the
loop circuit, causing the supervisory lamp at the
manual A operator’s position to be extinguished.
The trunk group-identity lamp 450 of the manual
recording trunk is lighted, to indicate to the toll
operator the trunk group over which the call has
been received,

The toll operator acknowledges the call and
converses with the originating manual operator
and receives any necessary information, includ-
ing the calling subscriber’s number and the
wanted subscriber’s number.

As has been explained hereinbefore, the cord
circuit at the A operator’s position is not pro-
vided with the necessary equipment for toll
supervision. Therefore, the toll operator at the
central office sets up a new connection for the
calling subscriber at substation B, by way of the
B operator at the call indicator position of the
Jocal manual exchange switchboard.

The central office toll operator may dismiss the
calling subscriber and the A operator, and then
extend a new connection by way of the call indi-
cator B operators position, to the originating
subscriber.

It will be assumed in the present case, however,
that the central office toll operator holds the
original connection while she sets up & new con-
nection through the manual office call indicator
position to the calling subscriber.

Supervision on original connections

Before describing the extension of connection
back to a calling subscriber via the B operator’s
position, the supervision of a connection through
the A operator’s position will be described.

If the manual A operator desires to recall the
central office toll operator, she momentarily re-
moves her plug from the trunk jack a few times,
thereby causing a flashing of an answering lamp
in the connected finder. When the plug is re-
moved, momentarily, line relay 410 falls back,
opening the initial energizing circuit for the upper
winding of cut-off relay 430 at armature 411{.
Relay 430 remains in its operated condition by
way of the locking circuit including both of its
windings and the resistance R—108. The added
resistance of the lower winding of the relay and

85-the resistance R—I0 now connected to the C con-
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ductor causes the supervisory relay of the finder
to fall back and light the answering supervisory
lamp. When the manual A operator reinserts
the plug into the trunk jack, line relay 410 will
again operate over the loop and close the circuit
at armature 41 for the upper winding of cut-
off relay 430, thereby removing the high resist-
ance circuit including the lower winding of the
relay 430 and resistance R—10 from the C con-
ductor. When this resistance is removed from
the circuit including the lower winding of super-
visory relay (650), the relay will again energize
and open. the circuit for the answering super-
visory lamp (603), thereby causing the lamp to
become extinguished. ' The central office operator
will then operate the talking key (K—1) to estab-
lish a talking connection with the A operator.
When the central office toll operator desires
to flash the manual switchboard operator, she
operates the talking key K—1 to connect. ring-

‘3,167,710

answering key W—T momentarily, thereby con-
necting battery and ground by way of contacts
1406 and 1404 and conductors (448 and (444,
respectively, to the tip and ring answering con-
ductors 858 and 684, respectively, to the positive
and negative talking conductors of the incoming
connection, causing the operation of the start
relay 420 in the manual recording trunk circult
MR, Fig. 4. When this occurs, the shunt around
the high resistance lower winding of line relay
410 is removed by the opening of armature 421,
thereby inserting the high resistance lower wind-
ing of line relay 410 in the loop circuit extending
to the manual A operator's position, causing
operations to take place in the cord circuit to
light the supervisory lamp. When the manual
A operator responds to the flashing supervisory
lamp (lighted each time the ring answering key
K—1 is momentarily operated by the central office

operator) the central office toll operator may pass .

information as desired.

‘Extending a call over the answering end of a

finder

As has been previously pointed out, the first
level of the finder switch banks is wired to pre-
ceding selectors. such as the toll first selector
TFS—3, Fig. 1, which is the same as the selector
TFS—I, Fig, 7.

To enable the toll operator to set up the call
by way of the B operator at the manual exchange,
a dial answering key K—9 has been provided,
which places ground potential on the first level
of the test contacts associated with the test wiper
of the finder switches, when it Is opegated. In
addition it prepares a start circuit for the select-
ed finder switch and also takes care of the neces-
sary operations for connecting an idle register
sender equipment to the answering end of a se-
lected finder switch,

‘When the CLR operator throws her dial an-
swering key K—8, ground is extended from con-
tacts 1412 by way of conductor 1440 to the first
level in the vertical banks and multiples thereof
associated with the vertical test wipers of finder
switches similar to the flnder switch P—I of
Fig. 6 accessible to the answering operator. In
addition, responsive to the operation of key K—8,
ground potential at contacts 1410, is supplied by
way of conductor (449, armature (344, to the
start conductor {302 to prepare a selected finder
for operation; while at contacts 1428, ground
potential is applied to conductor I451 causing
the operation of the delay call relay 1380 and
call pilot relay 1350.

In order to prepare the operator’s equipment
to extend a connection back to a calling manual
subscriber by way of the B operator’s position,
(sometimes referred to as a delayed call) ,the CLR
operator first operates her delayed call key K—3,
Fig. 11, to prevent other incoming calls from
being received at her position. When this key
is operated, battery potential is removed from
the distributor start relay 1170, thereby prevent-
ing the relay from operating to remove the guard-
ing ground potential from the guard conductor
{188 extending to the distributor in Fig. 12.
Therefore, other calls are prevented from being
received by the operator making a delayed call.

It will be assumed that the original connection
from the A operator at the local manual ex-
change has been completed through a finder sim-
ilar to the finder F—{ of Fig. 6, and that the
connection set up for recalling the originating
manual subscriber, by way of the B operator’s
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‘ position, is made by way of the finder F—{ shown

in Fig. 6. .

With the delay call key K—3 of Fig. 11 and
the dial answering key K—9 of Fig. 14 actuated,
the following. operations will\take place. As has
been pointed out, when the delay call key K—3 is

- operated,battery is removed fromdistributor start

10

15

- relay 1110, thereby preventing the distributor cir-

cuit of Fig. 12 from finding the position equip-
ment of Fig. 11 due to the fact that the guarding
conductor 1188 is maintained grounded.
Responsive to the operation of the dial answer-
ing key K—9, ground potential at contacts 1410
is extended by way of conductor 1449, armature
1363, armature (344 of the deenergized answering
pilot relay 1340, to the start conductor 1302, to
start the operation of a selected finder. Ground
potential is applied by way of contact 1428 to

- conductor 1451 to cause the operation of the de-
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lay call relay (380 and the call pilot relay 1350
by way of a circuit including the normally closed
contacts controlled by armature 1392 of the cut-
through relay 1390. Call pilot relay 1350 oper-
ates, and at armature 1351 opens another point
in the circuit of the distributor start relay 1170.

Responsive to the operation of delay call relay
1380, ground potential is applied to the KC con-
ductor 1356 at armature {381, to prepare a lock-
ing circuit for the connecting relay, similar to
connecting relay 610 of the finder F—{, after
an idle finder has been selected by the operation
of its associated talking key, similar to the talk-
ing key K—I; at the resting contacts of arma-
ture 1382, it disconnects the conductor 606 from
the winding of supervisory relay {370 and con-
nects it by way of EC conductor {318 and cable
3, to EC bank contacts in the delay call bank
contact group of the line finders LF—I and
LF—2 associated with the sender link SL—I{ and
SI—2 of the toll operator’s position equipment;
at armature (583 it prepares the locking circuit
for its upper winding which is controiled by the
operation of the answering pilot relay 1340; at
armature 1384 it prepares a circuit for shunting
out the answering pilot relay 1340; at armature
1385 it places ground potential on the sender
control lead 1304 in order to operate one of the
sequence control relays 1610 or 1630, dependent
upon which of the sender links is to be selected;
at armature 1386 it completes an energizing cir-
cuit for the split answer relay 1310 which relay
extends the tip and ring answering conductors

653 and 654 by way of the front contacts of

armatures 1311 and 1312, respectively, conduc-
tors §315 and (316, respectively, cable 3, to the
negative and positive bank contacts of the delay

call contact group in the banks of the link find-

ers LF—{1 and LF—2; and at armature {387 it
removes the guarding ground potential from the
T conductor (31T to mark the delay call bahk
contacts idle.

It will be understood from the above descrip-
tion, that by the operation of the delay call key
K—3 and the dial answering key K—9, the op-
erator has prepared her position equipment to
set up the call via the answering end of a finder
switch.

Tt will now be assumed that the grounding of
the sender control conductor (304 causes the
operation of the sequence relay 1618, thereby ini-
tiating the operation of the sender link SL—I1 to
connect an idle register sender to the sender link
by way of the sender selecting switch SS—I and
to connect the sender link SL—I and a selected
jdle register sender to the operator’s positional
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equipment by way of the delay call bank con-
tacts associated with the link finder switch FL—I.
The operation of the sender link SI.—I of Fig. 15
has been described hereinbefore and it will be
understood that when the wipers 1522—15217, in-
clusive, are advanced to the bank contacts con-
nected to conductor 1315 to 1319, inclusive, no
ground potential will .be encountered on the P
conductor 3171, thereby removing the short cir-
cuit from the switching relay 1510 which will
operate in series with the stepping magnet LFM
to terminate the stepping action. of the wipers.
It may be well to mention at this time, however,
that all of the F' conductors, similar to conductor
{557 connected by way of cable 2 to the finder
links, similar to'finders P—I{ and toll first seléc-
tor TFS—{ of Figs. 6 and 7, respectively, are
grounded to prevent the link finder switch LF—I
from seizing a finder link while it is searching
for a marked delay call bank contact set. These
contacts will either be grounded from the back
contacts of armature 675 of the disconnect relay,
similar to disconnect relay 670 of the finders, or
if a finder has been previously seized and is being
used in a connection, the F conductor will be
grounded by way of the connected C conductor
and the front contacts of armature 615 of an
operated connect relay, similar to relay 670 of
finder F-—I.

When the sender link SL—1{ has completed its
operation and has connected an idle register
sender equipment to the operator’s positional
equipment by way of conductors 1522-1527, in-
clusive, sender { pilot lamp (500 will light as an
indication to the toll operator that the equip-
ment is prepared for key sending. It will be re-
called, that ground potential was applied to the
vertical bank contacts of the. finders, when the
dial answering key K—8 was operated, to mark
the first level.

The toll operator now selects an idle finder by
operating the talking key associated with the
finder. It will be assumed that the toll operator
actuates the talking key K-—I1, thereby selecting
the finder P—1i of Fig. 6. The connecting relay
670 is operated in the same manner as has been
previously described and locks itself up by way
of its upper winding and armatures 678 and 679 to
the grounded KC conductor {356. Start relay 660
is operated by way of armature 617 and the
grounded start conductor 1302 (grounded by the
operation of the dial answering key K—8) to in-
itiate the operation of the finder F—I. The
finder is, therefore, operated as in search of a
calling line, but the vertical movement is ter-
minated as soon as one vertical step has been
taken, due to the fact that the vertical test wiper
6171 encounters the first level marking contact
grounded as previously described, over conductor
1880. As a further result of the wipers raising
to the first level, normal post springs 627 are
closed, to transfer the EC wiper from ground at
armature 663 to the answering supervisory lamp
circuit. 'The wipers 618 of the finder F—I are,
therefore, rotated over the first level of bank con-
tacts in search of an idle one of the delay call
selectors (which selectors are the same as the
toll first selector TFS—I of Fig. 7), referred to in
Fig. 1 as the selector TFS—3.

Assuming that the toll first selector TFS—I of
Fig. 7 (which will be referred to during this con-
nection as the delay call selector) is the first one
to be found idle, and is seized over its incoming
leads. The selector is normally marked idle by
the battery potential applied to the incoming C
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lead by way of the upper winding of series relay
7130, and off-normal contacts 780. Therefore,
when the Cl wiper, of the wiper set 618, en-
counters the battery potential on the C conductor
113 the electro-polarized switching [ relay 610 is
operated over a circult including its upper wind-
fngs, armature 623, lower winding of supervisory
relay 680, to ground at armature 634 of the op-
erated change-over relay $30. Switching relay
610 operates in the same manner as previously
described to connect the negative I, positive 1, Cl
and ECI wipers of wiper set §18 to the incoming
conductors 171, 112, 118, and 114 of the delay call
selector of Fig. 7.

At the time change-over relay 630 operated
and locked itself by way of its upper winding bat-
tery potential was applied to the release answer-
ing conductor 688, causing the operation of the
answering pilot relay. 1340. At armature 1342,
answering pilot relay (340 completes a locking
circuit for the upper winding of delay call relay
1380 and ground potential applied to the start
conductor 1302 is transferred from the dial ans-

- wering key K—9 to the front contact of armature

L3

1342, As a further result of the operation of the
change-over relay 630, a circuit is completed at
armature 636, to light the link busy lamp §03.

When the toll operator notes the above-men-
tioned lighting of the link busy lamp 603 (the
sender | pilot lamp 1508 having been previously
lighted) she depresses her digit keys DK to regis-
ter the digits 2 and 4 (the manual office #4 trunk
group number) plus the number of the calling
substation B. ‘The sender disconnect key is op-
erated after all the digits of the wanted sub-
scriber’s number have been registered, in order
to release the register sender equipment after all
of the registered digits have been retransmitted.
The registers RI-R8, inclusive, of Figs. 18 and 19,
together with the interrupter and control relays
of Fig. 20, impulse counting relays of Fig. 21, and
the sender control relay of Fig. 17, cooperate in
the manner previously described to control the
pulse relay 1520 of the sender link, Fig. 15, to op-
erate the pulsing contacts 1521 and to retransmit
impulses corresponding in number to the digits
registered on the registers.

The toll first selector TFS—I of Fig. 7, which
is used in this connection as a delay call selector,
responds to the first set of impulses, indicative of
the first digit 2, by raising its wipers opposite
the second level of its associated bank contacts
and automatically rotating the wipers in search
of an idle toll office selector. Since the loop cir-
cuit over which the impulses are transmitted for
operating line relay Ti0 pass through several
circuits, it may be well to describe the circuit
in detail starting from battery at the upper wind-
ing of line relay 110, armature 74{, conductor
111 connected to the finder F—{ by way of nega-
tive | wiper of the wiper set 618, armature 611,
armature 612 of the operated connect relay 560,

- ring answering conductor 654 and cable {, ar-
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mature (312 of the operated split answering relay
1310, conductor 1315 and cable 3, conductor (315
connected to the delayed call bank contact and
the associated negative wiper 1522 of the link
finder LF—1, normally closed contacts controlled
by armature 1531, impulsing contact 1521 of the
pulse relay 1520, armature 1511 of the operated
switching relay 15i0, positive wiper 1522 con-
nected to the bank contact associated with con-
ductor 1316 and cable 3, conductor 1316 of Fig. 13,
armature (311 of operated split answering relay
1310, tip answering conductor 683, and cable |,
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armature §74 of the operated connect relay 670,
armature 612 of the operated switching relay
610, positive | wiper of the wiper set 618, con-
nected to positive conductor 7712 by way of its
bank contact, armature 142, lower winding of
line relay 118, to the ground incoming C con-
ductor 7113. When the above loop circuit is closed,
the C conductor 113 is grounded by way of ar-
mature 634 of the operated change-over relay
630 in the finder F—I, lower winding of su-
pervisory relay 680, armature 613 of the operated
switch through relay 610, Ci wiper of the wiper
set 618, connected to the C conductor 178. When
the selector is initially seized the series relay
130 is operated from this ground potential ap-
plied to the C conductor 113.

It will be assumed that the delay call selector
(selector TPS—I of Fig. 7) seizes the toll office
selector TOS by way.of terminals 1015 shown in
Fig. 10. The selector TOS operates in the manner
previously described and responds to the second
set of impulses, indicative of the second digit 4,
by raising its wipers opposite the fourth level of
its associated bank contacts. -

The wipers (016 of the toll office selector TOS,
are rotated across the bank contacts if the fourth
level in search of an idle trunk circuit, similar
to the trunk circuit TC—I shown in Fig. 22A,
connected to an idle inter-office trunk line, such
as the trunk line T—3 extending to the repeater
R—I1, Figs. 23 and 24, in the manual office #4.

It will be assumed that the first idle trunk cir-
cuit reached by the wipers of the toll office selec-
tor TOS, is the trunk circuit TC—I of Fig. 22A.

When this occurs, the trunk circuit is operated
in the manner previously described, extending the
dialling loop circuit to the repeater R—I in the
manual office. -

When the above-mentioned loop circuit is ex-
tended tothe repeater R—I, Figs. 23 and 24, a cir-
cuit is completed for line relay 2218. The line
relay follows the impulses received and causes the
call indicator equipment to operate as previously
described. The detail _operation of the repeater
R—I has been described hereinbefore and at this
time it will only be necessary to describe that part
of the operation which has to do with the han-
dling of delayed calls.

Before describing the further operation of the
repeater R—I, additional circuit operations of the
operator’s position relay equipment, responsive to
the completion of the retransmission of registered
digits by the register sender equipment, will now
be discussed.

‘When the sender link SL—I, Fig. 15, has com-
pleted the retransmission of registered digits, re-
lay 1580 operates and connects battery potential
by way of resistance R—I and armature 1532 to
the EC wiper 1525 to operate the switch-over re-
lay 1050 in the toll office selector TOS, Fig. 10.
This circuit may be traced from battery potential
connected to the EC wiper 1525, conductor 1348
and cable 3 connected to the delay call bank,
armature 1382, conductor 608 and cable I, arma-
ture 664 of the operated start relay 860, normal
post contacts 627, ECI wiper of the wiper set
618, EC conductor 114 extending through the de-
lay call selector (toll first selector TFS—I) Fig. 7
to the incoming EC conductor of the toll office
selector TOS, Fig. 10, armature 1044 of the ener-
gized switching relay 1040, overflow contacts 1095,
normally closed contacts controlled by armature
1056, upper winding of switch-over relay 1050, to
battery. Relay 10860 operates and cuts in the
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repeating coil 1008 in the same manner as has
been previously described.

In addition to the above, relay 1530 of the
sender link SL—I also makes the usual loop test
of operation at armature 1531; at armature {833
ground potential is connected to the cut-in wiper
1526, thereby causing the operation of the cut-
through relay {380 of the operator’s position re-
lays, Fig. 13; and at armature (535 the circuit of
the sender l pilot lamp 500 is opened to extin-
guish the lamp.

After the toll operator has manipulated the
digit keys DK in accordance with the trunk group
number and the calling subscriber’s number, fol-
lowed by the momentary operation of the sender
disconnect key, the operator then operates the
without key K—1{8. The operation of key K—I16
connects battery potential by way of resistance
R1, contacts 1411 of the operated dial answering
key K—8, contacts 1427 of the without key K—-186,
conductor 1452, to the armature 1394 of the cut-
through relay 1880, The without key K—I6 is’
provided for the purpose of giving the B operator
at the manual exchange a flashing signal, as an
indication that she may plug in on a calling sub-
seriber’s line without making the usual busy test.

Responsive to the operation of the cut-through
relay 1390, the circuit including the lower wind-
ings of relay 1350 and 1380 is opened at the nor-
mally closed contacts controlled by armature 1392
and at armature 1391 relay 13908 opens the locking
circuit for the upper winding of armature 1388,
Relays 1350 and 1380 both fall back, and at arma-
ture 1386, relay 1380 opens the circuit for the
slow-to-release split answering relay 1310. Be-
fore relay 1310 has had sufficient time to fall back,
the battery potential applied to conductor 1452
extended by way of the armature 1304 of relay
1390, armature 1312 of the slow-releasing split
answering relay 1310, ring answering conductor
654 and cable 1, to the negative talking conduc-
tors of finder F—I, delay call selector (selector
TFS—I) of PFig. 7, to the upper lefi-hand wind-
ing of repeating coil 1000 (selector TOS of PFig.
10), by way of armatures 1041 and 105 of oper-
ated relays 1040 and 1050, respectively, arma-
ture 1057, through the winding of relay 1090, to
ground. This battery potential is only applied
momentarily since relay 1310 subsequently falls
back and transfers the tip and ring answering
conductors 653 and 654, respectively, to the oper-
ator’s talking conductors 1180 and 1181, respec-
tively.

Responsive to the deenergization of the delay
call relay 1380, the battery potential applied to
the EC conductor of the toll office selector TOS
by way of armature 1382 and conductor 606, is
transferred to the back contacts of armature 1382
and now includes the winding of supervisory relay
13710. At armature 1381, ground potential is re-
moved from the KC conductor 1356 to unlock the
finder F—I{ from the positional equipment should
the talking key K—I be restored to normal, and
if it has not been restored to normal, the finder
F—I is held under control of the operator by the
talking key K—I.

Referring now to the toll office selector TOS
of Fig. 10, it will be noted that when the battery
potential is applied momentarily to the incoming
negative conductor and caused the operation of
relay 1090, ground potential was applied to the
negative wiper of the wiper set 1016 from ground
at armature 1094. This ground potential is ex-
tended by way of the negative terminal 22508 of
the trunk circuit TC—2, Fig. 224, negative talk-
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ing conductor of the trunk T—38, armature 2312,
armature 2381, armature 2841, lower winding of

differential relay 2330, normally closed contacts -

controlled by armature 2355, lower winding of
line relay 2410, to battery. This circuit main-
tains an operating condition on the lower winding
of line relay 2410, thereby preventing the line
relay from falling back, and because of fthe
shunting out of the upper winding of differential
relay 2330 and upper winding of line relay 2410,
by the same ground potential applied by way of
armature 1091 of the operated relay 1090 of the
selector TOS no current flows in the upper wind-
ing of differential relay 2330 or in the upper wind-
ing of line relay 2410. This shunting circuit
may be traced from ground at armature 1091,
upper right-hand winding of the repeating coil
1000, supervisory relay {070, lower right-hand
winding of the repeating coil 1000, armature
1053, upper winding of switch-over control relay
1060, armature 1082, positive wiper of the wiper
set IUIG positive terminal 2250, positive conduc-
tor of the trunk T3, armature 2311, armature

20

2352, upper winding of differential relay 2330,

armature 2342, normally closed contacts con-
trolled by armature 2354, upper winding of line
relay 2410, to ground. The line relay 2410 is
maintained in its energized position by way of
the circuit including its lower winding, and the
differential relay 2330 is now operated because
no current flows in its upper winding while an
energizing ecircuit is completed for its lower wind-
ing. Responsive to the operation of differential
relay 2330, a circuit is now completed for the
without busy test relay 2490 from ground at ar-
mature 2321, armature 2331 of the operated dif-
ferential relay 2330, winding of without busy
test relay 2490, to battery. Relay 2490 operates
over this eircuit and at armature 249 completes
a locking circuit for itself by way of armature

~2403 and ground at armature 2421 of the oper-

ated release relay 2420. As a further result of
its operation, relay 2490 connects the interrupted
ground conductor 2317 by way of armature 2492,
to the call supervisory lamp 2415 and battery.
‘When this circuit is closed, the call supervisory
lamp glves a flashing signal to the B operator.

It will be recalled that the subscriber at sub-
station B initiated a call which was completed to
the toll operator by the A operator at the manual
office #4, and that the central office toll operator
has made what is termed a delayed call, by call-
ing back the subscriber at substation B, by way
of the toll train and the call indicating B oper-
ator’s position. Therefore, a flashing calling
lamp at the B operator’s position is an indication
to her that the line being called by the central
office operator is busy and that the subscriber ig
waiting for his call to be completed. When the
B operator inserts the plug P into the jack of the
calling subscriber’s line, the talking connection
will now be extended to the toll operator by way
of the B operator’s switchboard, trunk T-—3,
and the described switching apparatus.

B-operator connects with the calling subscriver’s
line

Since the connection, extended back to a call-
ing subscriber’s line by way of the B operator’s
position, is handled by the CLR (universal) op-
erator, the ring relay 2450 of the repeater R—I
of Pigs. 23 and 24, is not automatically operated
as a result of the completion of digit transmis-
sion through the sender link SL—I of Fig. 15.
As has been pointed out hereinbefore, the sender
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links at the CLR (universal) -operator’s position
are not equipped to provide automatic ringing.
The ringing, from a CLR operator’s position, is

controlled by the operation of the ring call key"

K—I3. However, in this particular type of a call
(delay call) the subscriber does not hang up his
receiver while the central office toll operator is
recalling him and consequently it is not necessary
to ring the subscriber’s line.

When the B operator inserts the plug P into
the wanted subscriber’s jack (not shown) the
sleeve relay 2400 is operated. At armature 2407,
sleeve relay 2400 completes a circuit for re-
versing relay 2380, thereby reversing the flow of
current over the trunk line T——38 and causing the
operation of the switch-over control relay (060
in the toll office selector TOS, Fig. 10. Relay
1060 locks itself to the grounded incoming con-
ductor by way of its lower winding and at arma-
ture 1061 it places a shunt around its upper wind-
ing to remove the upper winding from the talk-
ing conductors of the trunk. Supervisory relay
1070 operates over the loop circuit including the
battery and ground at line relay 2410 and con-
nects ground potential, by way of armature 1062
of the operated switch-over control relay 1060,
armature (0Tf, armature 1056 of the operated
switch-over relay 1050, overflow contacts 1095,
and armature 1044 to the EC conductor. The
ground potential applied to the EC conductor is
extended by way of the EC wiper of the 1710 wiper
set of the delay call selector (toll first selector
TFS—I of Fig. 7), to the EC wiper of the wiper
set 618 of the finder P—{, Fig. 6, normsl post
springs 627, armature 664, conductor 606, and
cable !, armature 1382 of the deenergized relay
1380, to winding of supervisory relay 13710, and
battery. The supervisory relay operates and at
armature {371 connects ground potential to the
RL conductor 607 causing the lighting of the
answering lamp 602. The answering supervisory
lamp 602 is lighted momentarily as a signal to
the toll operator that the B operator has ex-
tended the connection to the calling subscriber’s
line,

The above-described operation resulting in the
lighting of the toll operator’s supervisory lamp
is controlled by the operation of the reversing
relay 2250 of the repeater R—I, which relay in
turn is controlled from armature 2407 of the
sleeve relay 2400. "It will be noted that at arma-
ture 2401 of sleeve relay 2400 a circuit is also
closed for the back bridge relay 2340. However,
the adjustment of armatures 2401 and 2407 is
such that armature 2407 closes its contact be-
fore armature 2401 closes its front contact.
When armature 2401 closes the circuit by way of
its front contact, the back bridge relay 2340
(battery feed relay), is operated over the loop
circuit including the line at substation B.
Back-bridge relay 2340 operates and dries the
trunk T—3 as has been described hereinbefore.

The supervisory relay 1070 in the toll office se-
lector T'OS of Fig. 10 restores to normal when the
trunk line T—3 is dried and removes the ground
potential from the incoming EC conductor of
selector TOS, thereby causing the supervisory
relay 1370 in the operator’s positional relay equip-
ment to restore to normal and open the circuit
for the answering supervisory lamp 602. It is to
be noted from the above description of the oper-
ation of relays 2350 and 2430, that the slight delay
between the operation of relay 2350 and the sub-

sequent operation of relay 2340, is sufficient to-

permit the current flow over the trunk T—3 to

4
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‘be reversed and thereby remove the resistance of

the upper winding of switch-over control relay
1060 from the talking circuit, and also provide a
signal for the toll operator, to indicate that the
B operator has extended the connection to the

‘calling subscriber’s )ine before the trunk line T—38

is “dried”.
Reringing the calling subscriber

If the calling subscriber has replaced his re-
ceiver, the toll operator may recall the subscriber

10

by momentarily operating the ring answering key

K—T of Fig. 14, When the key K—7 is momen-
tarily operated, ground potential is applied to
conductor 1443 to cause the operation of the split
answering reldy 1310, thereby extending the tip
and ring answering conductors 653 and €54 by
way of armatures 1311 and 1342, respectively, and
conductor (445 and (444 to battery and ground
by way of contacts 1405 and 1404, respectively, of
the ring answering key K—1. 'The battery and

ground potential is extended by way of the positive

and negative wipers of the finder F—I, Fig. 6, and
the toll first selector TFS—I of Fig. 7 to the posi-
tive and negative conductors, respectively, of the
toll office selector TOS of Fig. 10. The battery
potential applied to the positive conductor is
extended by way of armature 1042, armature 1084,
lower lefthand winding of the repeating coll 1800,
armature 1052, winding of ring relay 1088, to
ground. The ground potential connected to the
negative conductor has no effect at this time.
Ringing relay 1080 is momentarily operated and
at armature 108! and 1082 connects the ringing
generator by way of the negative and positive
wipers of the wiper set 1018, to the trunk line
T—S3, thereby causing the operation of the ring
control relay 2320 of the repeater R—1. Ringing
control relay 2320 operates and at armature 2321
completes a circuit for the ring relay 2450, which
locks itself by way of armature 2453 to ground at
armature 2421 of the operated release relay 2420.
At armatures 2451 and 2452, relay 2450 completes
the ringing circuit to the subscriber’s line,

When the subscriber responds by removing his
Teceiver, the ring cut-off relay 2460 operates and
disconnects the ringing current, and the back
bridge relay 2340 is operated over the subscriber’s
loop circuit. The operation of the back-bridge
relay 2340 dries the trunk T—38, thereby causing
the release of the supervisory {070 of the selector
TOS and accordingly extinguishing the answering
supervisory lamp 602 at the toll operator’s switch-
board.

Restoring the dial answer key

When the toll operator receives the answering
signal, she restores her dial answering key K-8
to normal. When the ground potential is re-
moved from conductor {451, by the opening of
contacts 1428 of key K—8, cut-through relay (390
restores to normal, causing ground potential to
be reapplied to the sender control conductor 1304,

-The sequence control relay 1630 operates and

starts the sender link SI.—2 searching for an idle
register sender and the selected finder F—I. At
contacts 1412, key K—8 removes ground poten-
tial from conductor {440 and at contacts (410
ground potential is removed from conductor 1449,
while at contacts 18411, the battery potential, ap-

plied by way of contacts 1427 of the without key

K—16 is removed from conductor (452.

The sender link SL—2 (shown in rectangle on
Fig. 16) now operates in the same manner as has
been previously described, to find an idle register
sender equipment and to connect the seized reg-
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ister sender eguipment to the finder that is con-
nected to the calling subscriber at the substation
B. The finder P—1{ is marked in the banks of
the link finder switch LF—2 by the absence of
ground on the ¥ conductor 15857 which is muiti-
pled in the banks of the link finders LF—{ and
L¥—2, Sinee the link finder L¥F--2 is the one
in vse, it finds the finder selector link, composed
of finder F—I{ of Fig. 6 and the toll first selector
THFS—1 of Fig. 7, and prepares the selector TFS——{
for operation in the same manner as has heen
previously described. The sender 2 pilot lamp
1800 lights when the register sender equipment
has been connected to the finder selector link.
The register sender equipment is now connected
to the calling end of the finder link and the toll
operator now depresses the digit keys DK in ac-
cordance with the trunk selecting number of the
toll line extending to the desired office. A

In the connection being described, the desired
toll line is the toll line TL—I of Fig. 1, which is
reached by the setting of digit keys | and 3. Im-
mediately after depressing the digit keys § and
8, the tool operator operates the sender disconnect
key, which causes a disconnect relay in the sender
link SI—2 to operate and prepare the sender
link to disconnect the connected register sender
equipment immediately after the digits registered
have been retransmitted.

 The toll first selector TFS—{ of Fig. 7, re-
sponds to the first set of impulses, which in this

case is the digit 1, by raising its wipers opposite
the first level of its assoclated bank contacts and
automatically rotating the wipers in search' of
an idle toll line selector, similar to the toll line
selector TLS—I of PFig. 9. Assuming that the
toll line selector TLS—I of Fig. 9 is the first one
found to be idle, it is seized by way of the termi-
nals connected to conductors 812-915 in the banks
of the selector TFS—I{. The toll line selector
TLS—i of PFig. 9 responds to the second set of
impulses, indicative of the second digit 3, by rais-
ing its wipers opposite the third level of its asso-
ciated bank contacts and automatically rotating
the wipers in search of an idle toll line circuit.

It will be assumed that the toll line circuit TLC -

of Fig. 2 is the first one found to be idle, and is
seized by way of terminals 275 shown in Fig. 2.

The toll line circuit TLC of Fig. 2 is seized in
the manner previously described and the toll
operator, upon noting the extinguishing of the
sender 2 pilot lamp 1600 (indication that all of
the digits registered have been transmitted) op-
erates her ring call key K—I3. At contacts
1421, ring call key K—13 applies battery poten-
tial by way of conductors {446, armature 1321 of
the split call relay 1320 (operated from ground
at contacts 1422 of the ring call key K—-13) over
the tip call conductor 656 causing the operation
of the ring relay 230 of the toll line circuit TLC
of Fig. 2. The ring relay 230 operates and trans-
mits ringing current over toll line TL—I{ to signal
the distant operator.

‘When the distant operator responds, the cen-’

tral office toll operator passes the wanted sub-
scriber’s number. The distant operator sets up
the connection to the wanted subscriber and
when the subscriber answers, the central office
toll operator restores her talking key K—I to
normal, thereby disconnecting the holding circuit
for the connect relay 670 which restores to nor-
mal and removes the operator’s falking conduc-
tors from the talking conductors of the com-
pleted connection and also releases the operated
relays in the position equipment. The calling

51

subscribér at substation B of manual office #8

may now converse with the wanted subscriber at
the distant toll office. When the conversation
starts the central office toll operator stamps the

" toll ticket to show the starting time of the con-

versation.
Disconnecting the 4 operator

The central office toll operator may now re-
lease the original connection set up by the A
operator at the manual office #4. In order to do

10

this, the toll operator operates the talking key

(similar to talking key K—I of the finder P—I), .

of the finder that is still connected to the manual
recording trunk circuit MR of Fig. 4, seized by

the A operator. This finder is marked at the cen-

tral office operator’s position by the lighted con-
dition of the associated busy lamp. After the
operator actuates the talking key associated with
the connected finder, she then operates her re-
lease answering key K-—8, thereby connecting
ground potential by way of contacts 1408 and
conductor 608 to shunt down the answering pilot
relay 1340 (this relay bheing operated when the
talking key of the associated finder is thrown)
and- the change-over relay {similar to change-
over relay 630 of finder —{). When the change-
over relay falls back it prepares a circuit for the
release magnet of the finder switch. The start
relay of the finder (similar to start relay 660)
falls back when ground is removed from start
conductor 1302, responsive to the deenergization
of the answering pilot relay 1340, thereby com-
pleting the circuit for the release magnet of the
connected finder. When the release magnet is
operated the finder switch restores to normal.
Responsive to the restoration of the finder switch
connected to the manual recording circuit MR of
Fig. 4, ground potential is removed from the C
terminal 460, thereby causing the deenergization
of the cut-off relay 430. Relay 430 falls back
and at armature 433 removes the shunt from
around the high resistance lower winding of line
relay 418, causing the supervisory lamp at the A
operator’s position of the manual switchboard to
light to.give the A operator disconnect super-
vision. The A operator removes her cord circuit
from the calling subscriber’s line jack and the
jack connected to trunk line T—2.

‘When the A operator removes the plug from
the jack connected to trunk line T—2, line relay
410 restores to normal and at armature 412 opens
the locking circuit for the supervisory relay 440.
Supervisory relay 440 falls back and again re-
stores the circuit to normal. The central office
toll operator restores the release answer key K—8
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and the talking key of the released finder when .

the link busy lamp is extinguished.

Switchhook supervision from the manual calling
subscriber

If the calling manual subscriber at substation
B (Fig. 1) should desire to recall the central
office toll operator, he will momentarily operate
the switchhook a few times, thereby momentarily
opening and closing the circuit of back-bridege
relay 2340 in the repeater R—I, Figs. 23 and 24.
Battery and ground potential from the windings
of line relay 2310 are momentarily applied to
the conductors of trunk T—3, by way of the dif-
ferential relay 2330 and the left-hand windings
of repeating coil 2360, thereby causing the mo-
mentary operations of supervisory relay 1070 in
the toll office selector TOS, Fig. 10. As has been
pointed out hereinbefore, each time the super-
visory relay (010 falls back ground potential is
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52
applied to the incoming EC conductor. This
ground potential is extended through the delay
call selector (which selector is the same as the
toll first selector TFS—{ of Fig. 7), by way of
its EC wiper and incoming EC conductor 714, to
the ECI wiper of the wiper set 618 of the finder
F—|, Fig. 6. In the finder F—I, the ground po-
tential is further extended by way of the normal
post contacts 627, normally closed contacts con-
trolled by armature 664, to the answering super-
visory lemp 6082 and battery. This lamp is mo-
meritarily lighted each time the supervisory relay
10710 is energized. The central office operator
may connect her talking conductors to the con-
nection by operating the talking key K—I.

- The calling subscriber may now converse with
the central office toll operator.

Controlling the toll line pad

When the connection is completed between the
central office toll operator and the distant toll
operator over the toll line TL—I the toll line

pad 214 of the toll line circuit TLC of Fig. 2 is

connected in the toll line circuit for the purpose
previously described. The controlling circuit be-
ing the same as before, that is, the simplex cir-
cuit from ground at the pad control relay 220
over the negative and positive talking conductors
to the 44,000-ohm resistors and battery at the
left-hand windings of the repeating cofl 1080 in
the toll office selector TOS, Fig. 10. This cir-
cuit maintains the pad control relay 220 in an
energized position, thereby preventing the pad
cut-out relay 210 from operating, in order to
maintain the pad 214 in the toll circuit to in-
crease the transmission quality.

Disconnect supervision

When the calling subscriber at the manual office
#4 hangs up his receiver, to terminate the conver-
sation, the back bridge relay 2340 of the repeater
R—I, Figs. 23 and 24, falls back and again ap-
plies battery to the conductors of trunk T—3
causing the operation of the supervisory relay
1070 in the selector TOS, Fig. 10. The super-
visory lamp 602 is lighted steadily to give the
central office toll operator the disconnect su-
pervision and she again stamps the toll ticket
to indicate the length of time the calling sub-
scriber has been using the toll line.

The toll operator at the distant toll office rings
over the toll line TL—! when the called sub-
scriber hangs up, thereby causing the operation
of AC relay 270 and the subsequent deenergiza-
tion of the signal relay 260. When signal relay
260 deenergizes, the circuit is completed for the
upper winding of the combination supervisory
and start relay 280, which upon operating con-
nects ground potential to the EC conductor 219.
This ground potential is extended by way of the
EC conductors of the toll line selector TLS—I,
toll first selector TFS—I, Figs. 9 and 7, respec-
tively, thereby causing the lighting of the call
supervisory lamp 601,

Having received the disconnect signal by the
lighting of the answering and call supervisory
lamps 602 and 601, respectively, the toll oper-
ator may now operate the talking key K—I to as-
sociate her equipment with the. connection and
then operate the release answering and call key
K—II to clear out the connection. Since the
clearing out of the equipment used in the above
described connection has been previously pointed
out, it will suffice to state that the momentary
operation of the release answer and call key

2,167,710

K—11 restores the entire connection to normal.
Transferring a call

This type of connection generally takes place

responsive to repeated attempts by a point-to-
point operator at the central office toll board to
complete a connection from a calling subscriber
in local office of the central office area to a sub-
scriber in a distant office reached, for example,
by way of toll line TL—I, and is generally made
on a person-to-person call basis. When the
point-to-point operator reaches the wanted sta-
tion, but is unable to get in touch with the want-
ed person, she may leave word at the called sta-
tion for the called subscriber to call her when
he returns. The central office point-to-point
operator then informs the calling subscriber that
she will recall him when the wanted subscriber
is reached. Therefore, when the wanted sub-
scriber at the distant end of toll line TL.—I ex-
tends her call to the toll operator at his ex-
change, he informs her that a point-to-point
operator in the central office has a call for him.

Incoming calls over toll line TL—I, as has
been pointed out hereinbefore, are handled by in-
ward operators at the central office switchboard.
Therefore, when the answering inward operator
is informed that the call is for a particular
point-to-point pperator, she extends the connec-
tion to that particular point-to-point operator,
The point-to-point operator then extends the
call to the original calling subscriber and super-
vises the connection from her position.

It will now be assumed that such a connection
has been attempted by the point-to-point oper-
ator at the central office switchboard, and that
the wanted subscriber is located in an exchange
reached by toll line TL—I, and is absent when
the call is extended to his station. However, it

~will further be assumed that the point-to-point

operator has left word at the wanted subscriber’s
station that he should call her when he returns.

‘When the wanted subscriber returns, and
makes the call, the operator at the distant end
of the toll line TL—I extends the connection and
rings over the toll line TL—{ causing the oper-
ation of the AC relay 2710 in the toll line cir-
cuit TLC, Fig. 2. A finder, selected by the oper-
ation of a talking key by an operator at an in-
‘ward position of the central office switchboard,
finds the calling toll line circuit TLC of Fig. 2.
The operator at the inward position receives
the jnformation from the distant operator and
operates her digit keys to extend the connec-
tion to the desired point-to-point operator whose
number is, for example, 942.

It will be assumed that the inward operator
operates the digit keys at her switchboard posi-
tion to set up the digits 9, 4, and 2, thereby caus-
ing the toll first selector TFS—2, Fig. 1, (which
is the same as the toll first selector TFS—I{ of
Fig. 7) to raise its wipers to the ninth level and
rotate the wipers over its banks in search of an
idle transfer selector TS, Fig. 1, (which selector
is the same as the toll line selector TLS—I of
Fig. 9). The transfer selector TS raises its wip-
ers to the fourth level of its banks in response
to the four impulses indicative of the digit 4,
and rotates the wipers two steps, in response to
the impulses of the digit 2, to select the inter-
position transfer circuit ITC, Figs. 1 and 5, which
is individual to the wanted point-to-point opera-
tor’s position.

The operation of the toll first selector TFS—2,
Fig. 1, which is the same as the toll first selector
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TFS—f, Fles. 1 and 9, has been previously de-

seribed. It will be assumed that the wipers 110
are rotated over the bank contacts of the ninth
level to fAind an idle transfer selector TS, Fig. 1.
It will also be assumed that the first idle trans-
fer selestor is the transfer selector TF, Fig. 9
(this transfer selector is the same as the toll line
selector TLS—I{, Fig. 8). The operation of the
selector shown in Fig. 9 has been described in de-
tail under the heading of “Operation of toll line
selector TLS—I1”. In the description of the con-

nection under the above-mentioned heading, the -
selector responded to one digit to raise its wipers’

to a selected level and then automatically rotated
the wipers to search for an idle one of several
trunk lines. In the description about to be given,
the selector, operating as a transfer selector, re-
sponds to raise its wipers to a selected level and
to rotate its wipers to a particular set of bank
contacts to select a particular interposition trans-

‘fer circuit, such as shown in Fig. 15.

_The transfer selector TS, Fig. 8, having been
selected by the stopping of the wipers 770 on the
terminals to which conductors 912815, inclusive,
are connected, vertical series relay 930 is ener-

_gized over the grounded C conductor 814 through

the off normal contacts 991, and line relay 946
is energized over the talking conductors and
through the impulse contacts of the sender link
pulse relay. Release relay 920 operates respon-
sive to the operation of line relay 918. Also se-
quence relay 940 is operated from the grounded
C conductor 914 through armature 932 of the
vertical series relay 930.

When the impulses indicative of the second
digit 4 are received by the line relay 918, it falls
back momentarily four times. Vertical magnet
VERT. responds to the impulses delivered by re-
lay 910 through armatures 941, 924, and 923, and
raises the wipers 988 to the fourth level of its
bank. The lower winding of the slow-releasing
vertical-series relay 930 maintains the relay oper-
ated after its upper winding has been disconnect-
ed at off-normal contacts 99 upon the first ver-

/tical step of the wipers.

At the end of the impulse series, vertical-series
relay 930 restores and opens the initial circuit
of the sequence relay 940 at armature 932, but
this relay remains operated in its locking cir-
cuit including armatures 942 and 946. At arma-
ture 933, relay 930 transfers the operating circuit
from the vertical magnet VERT. to the rotary
magnet ROT. by way of relay 950, armature 944,
and the normally closed contacts controlled by
armature 964. '

When the impulses of the final digit 2 are re-
ceived by the line relay 98, the circuit of the
rotary magnet ROT. is closed two times. Rotary
magnet ROT. rotates the wipers 990 two steps to
engage the contact set 560 of the interposition
transfer circuit ITC—2, Fig. 5. Slow-releasing

rotary series relay 950 operates in series with the

rotary magnet ROT. upon the first rotary im-
pulse. Upon operating, relay 950 disconnects the
C wiper 990 at armature 951 and operates the
auxiliary relay 860 at armature 952. Relay 960
disconnects the BC wiper 990, and it opens the
locking circuit of sequence relay 948. The front
contact of armature 964, relay 960 closes a new
rotary stepping circuit exclusive of armature 944
of the sequence relay 940.

At the end of the rotary controlling series of
impulses, relay 950 falls back and at armature
952 it disconnects the operating circuit for aux-
iliary relay 960. At armatures 95 and 865 the

C wiper 950 is reconnected to the test (fop) wind-
ing of switching relay 988.

Assuming that the interposition iransfer cir-
cuit ITC—2, Wig. 8, is idls when the wipers 530
arrive on terminals 588, {he test winding of
switching relay 980 becomes energized over the C
conductor throeugh armatures §44, 532, and the
winding of line relay §18. Upon operating, relay
838 terminates the rotary movement and it ex-
tends the incoming negative, positive, and EC
conductors to the Interposition transfer circuit
ITC—2, in addition to closing a holding circuit
for its middle winding, and applying ground
potential to the C wiper $90 by way of armatures
983, 934, 941, 951, 965, and 8Ti, in shunt of its
test winding to guard the interposition transfer
circuit from further seizure.

Relay 910 restores, and at the end of a momen-
tary interval release relay 929 restores.
lector remains beld by the ground potential sup-
plied over the incoming C conductor 314 from the
preceding selector.

Responsive to the operation of line relay 5t0, a
circuit is completed at armature 51! for lighting
the position answering lamp %61 at the desired
point-to-point operator’s position, thereby indi-
cating to the operator that a call is being trans-
ferred to her. A} armature 512, line relay 510
prepares a circuit for the lower winding of start
relay 520; at armature 5i3, it prepares a locking
circuit for start relay 520; and at armature 514
it prepares a circuit for grounding the start con-

- ductor 524 in the first level of the finders associ-

ated with the wanted point-to-point operator’s
position.

When the inter-position answering lamp §6i
is lighted, the point-to-point operator throws a
talking key associated with an idle finder link.
It will be assumed that the talking key K—I
associated with the finder F—I, Flig. 6, is the one
selected by the point-to-point operator. When
the key X—I is actuated, relay 618 operates as
usual and the following circuit is completed from
ground at the lower winding of start relay 520,
Fig. 5, armature 512, emergency start conductor
518, through Fig. 11 to armature 1363 of Fig. 13,
armature {344, start conductor 1302 and cable 1,
armature 671 of the operated connecting relay
670, winding of start relay 6680, to battery. Start
relay 660 operates in series with start relay 520
to start the finder in search of the interposition
trunk circuit ITC—2 of Fig. 5. Start relay 520,
upon operating, completes a locking circuit for
its upper winding; at armature 523 it extends
ground potential over start conductor 524 to
mark the first level of the vertical bank contacts
associated with the finder of Fig. 6; and at ar-
mature 522 it connects battery from the upper
winding of cut-off relay 530 to the C terminal
570 to mark the line as calling in the banks of the
finder switch, Fig. 6.

Since this call is being received by an operator

at a point-to-point switchboard position of the:

toll board, the delay key K—3 is in an operated
condition in order to prevent the operator from
receiving regular calls. Attention is called to
the fact that the start conductor 524 and the
trunk conductors of the inter-position trunk cir-
cuit are common to all the finders accessibie to
the point-to-point switchboard position only.
The finder F—I1 of Fig. 6 responds to the oper-
ation of start relay 660 and raises its wipers to
the first level, where the vertical test wiper 617
encounters the grounded start conductor 3524,
thereby terminating the vertical movement of the
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switch and causing the rotary action to take
place. The wipers are rotated one stép, to the
first bank contact set in the first level, wherein
the trunk conductors of the inter-position trans-
fer circuit of Fig. 5 are connected. The battery
potential encountered on the C conductor of the
bank terminals 5§70 by the C2 wiper of the wiper
set 618, causes the operation of the switch 2
electropolarized relay 620, thereby connecting up
the negative 2, positive 2, C2, and EC2 wipers of
the wiper set 618 which are now engaging termi-
nals 570 of the inter-position transfer circuit,
Fig. 5. The circuit including the upper winding
of the cut-off relay 530 and the upper winding of
the electro-polarized relay 620 causes both relays
to operate in series. The finder F—I operates in
the same manner as has been previously de-
scribed, causing the lighting of the link busy
lamp 603, thereby indicating to the point-to-
point operator that the connection has been re-
ceived.

When the connection, extended by the inward
operator, seizes the inter-position transfer cir-
cuit, Fig. 5, by way of the terminals 580, the
ground potential applied to the incoming EC con-
ductor at armature 5§31, lighted the call super-
visory lamp associated with the finder used by
her in setting up the connection. The lighting
of the call supervisory lamp is an indication to
the inward operator that the connection has been
extended to the point-to-point operator’s posi-
tion. When the finder F—I at the point-to-point
operator’s position finds the inter-position trunk
circuit, Fig. 5, and causes the operation of the
cut-off relay 530, ground potential is removed
from the EC conductor causing the call super-
visory lamp at the inward operator’s position to be
extinguished as an indication that the point-to-
point operator has answered.

As a further result of the operation of cut-off
relay 530, line relay 510 is restored and opens the
locking circuit for start relay 5§20 which also re-
stores. The answering lamp 6681 at the point-to-
point operator’s position is extinguished, and the
start conductor 524 is ungrounded. At armature
533, cut-off relay 530 completes a circuit for op-
erating relay 540, which relay locks itself to the
incoming C conductor by way of armature 542.
The resistance of relay 640 is sufficiently high to
prevent seizure of the inter-position transfer cir-
cuit by another transfer selector, thereby guard-
ing the transfer circuit of Fig. 5 from seizure
while it is busy. At armature 534, cut-off relay
530 prepares a circuit for its lower winding. Re-
sponsive to the energization of high-resistance
relay 540, at armature 543 a multiple locking cir-
cuit is completed for the upper winding of cut-
off relay 530, thereby shunting the circuit includ-
ings its lower winding, armature 534 and resist-
ance R—I10. )

‘When the call supervisory lamp at the inward
operator’s position is extinguished, the operator
immediately disconnects her headset from the
established connection by restoring the talking
key associated with the connected link to normal,
thereby extending the connection received over
the toll line TL—I straight through to the point-
to-point operator’s switchboard position. . The
operator at the point-to-point switchboard po-
sition answers the call and receives the neces-
sary information from the originating toll op-
erator.

The point-to-point operator ascertains from
her toll ticket what subscriber in the central office
area originally attempted to extend a call to the
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subscriber at the distant toll office. She then
sets up the subscriber’s number on her digit keys
to extend the connection to that subsciiber’s line
and then operates her ring-call key K—13, to
ring the wanted subscriber’s telephone,

When the subscriber answers, the operator
informs the subscriber that she has now com-

.Dleted the connection as originally requested.

The operator disconnects from the talking con-
ductors of the trunk by restoring her talking key
K—I and the subscribers start conversation.
The point-to-point operator stamps the toll
ticket to indicate the starting time of the con-
versation and supervises the connection in the
usual manner.

It will be noted that the point-to-point oper-
ator supervises the end of the connection that
is being charged for the call, that is, the sub-
scriber in the local office in the ceniral office
area that originally attempted to establish a con-
nection with a subscriber reached by way of the
toll line TL—I. The inward operator receives
her disconnect supervision from the point-to-
point operator. ’

The operation of the equipment required to
extend a connection from the point-to-point
operator’s position to a calling subscriber in
either a local manual or automatic exchange in
the central office area is exactly the same as
has been previously described.

Disconnect supervision

The local subscriber in the central office area
hangs up his receiver after the conversation is
completed, thereby causing the call supervisory
lamp 601 at the point-to-point operator’s posi-
tion to be lighted to give the usual disconnect
supervision. The operator then operates the
talking key K—1 of the connected finder F—I
to make certain that the subscribers have dis-
connected.

After challenging the line and finding that the
connection has been released by both subscribers
the point-to-point operator may operate her
release answering and call key X—{{, thereby
causing the answering and calling ends of her
switch train to restore to normal.

It has been pointed out previously that the
local central office subscriber, the called end of

‘the present connection, is actually the calling

subscriber, since ‘he originally tried to establish
a connection with the subscriber at the distant
toll office. Accordingly, the point-to-point op-
erator agaln stamps the toll ticket to indicate
the time the conversation terminated in order
to charge the local central office subscriber for
the' completed toll connection.

The finder F—I, Pig. 6, restores to normal
when the key K—Ii1 is actuated and removes the
ground potential from the C terminal 8710 of the
interpositjon transfer circuit ITC—2, PFig. 5.
When this occurs, cut-off relay 530 falls back,
and a} armature §31 applies ground potential
to the Incoming EC conductor. The application
of ground potential to the EC conductor causes
the call supervisory lamp at the inward oper-
ator’s position to light to give disconnect super-
vision.

Before breaking down the connection at her
position, the inward operator rings over the toll
line TL—{ to give the distant toll operator a
disconnect signal. She then operates her release
answer and call key (similar to key K—I1, Fig.
14), and the switch train controlled by her is
released in the usual manner. When this key
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is actuated the finder restores as usual and re-
moves  ground from the ¢ conductor connected
to terminal 287, Fig. 2, thersby releasing the ioll
line circuit TLC, ¥ig. 2. As a further result of
the operation of the release answering and call
key, the toll first selector TFS—2 (which iz the
same clrcuit as the toll fivst selector THS—!,
Fig. 1), restores to normal and disconnects its
wipers from the transfer selector TS (which cir-
cuit is the same as the toll line selector TLS—{
of Fig. 9. When the wipers of the selector TS
are restored to nermal, ground potential is re-
moved from the C terminal 568 of the inter-
position transfer clreuit, Fig. 5, thereby permit-
ting the high resistance relay 548 to restore,

Monitoring an established connection

In the event thai the operator wishes to moni-
tor an established connection, she throws the
monitoring key X—2, thereby connecting the tip
and ring talking conductors of the connection
with the tip and ring monitoring conductors
1366 and 1365, respectively, by way of springs
693 and 694, respectively, of the monitoring key
E—3 and ground potential is applied to the
switching lead 1357 by way of springs 692. The
ground potential on switching lead 1357 is ex-
tended by way of cable [, armature (334, con-
ductor 1082, armature ({34 of the deenergized
talk relay (136, (deenergized when the talking
key B—1 is In its normel position), winding of
monitoring relay (20, to battery. The opera-
tion of the monitoring relay §i28 connects the
operator’s receiver across the secondary winding
of repeating coil RC instead of in its normal
relation to the secondary winding of the induc-
tion coil I, thereby providing the usual efficient
monitoring connection. The toll operator may
now listen In on the conversation of the estab-
lished connection to make sure thaé the connec-
tion is satisfactory, without disturbing the con-
nected subscribers. When the monitoring key
E—2 is restored to normal, the monitoring relay
1§20 falls back to normal and disconnects the
operator’s receiver from the secondary winding
of repeating coll RC.

Emergency provisions

Emergency provisions are made for by-passing
the distributor of Fig. 12; for cutting either of
the two sender links SL~—{ of Fig. 15 and SL—2
of Fig. 16 out of service in the event that one of
them becomes temporarily defective;, and for
transferring the operator’s control leads to an

“-adjacent position in the event that a position is
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vacated during a period calls remain to be
cleared.

In the event thai the distributor of Fig. 12
(comprising relays 1226, 1236, 1240, etc. to 1270,
inclusive) develops a fault, the operator can con-
trol her equipment so that a selected finder can
be operated to find a calling line. As has been
pointed out hereinbefore, start relay {2{6 of
Fig. 12 is operated when a call comes in, thereby
lighting the answering lamps at the opersator’s
positions. It will be assumed that the operator
having access to the finder F—{ of Fig. 6, has
operated the talking key K—{ to enable the
finder to find a calling line. However, due to
some trouble in the distributor of Fig. 12, ground
potential is not applied to the position start con-
ductor {187 to cause the operation of the finder
start relay 660. The operator noting that the
calling line is not connected o position, throws
the non-locking emergency start key EK—I10.

585

Ground. potential is now applied to conductor
{448 by way of springs {413 of key BE—18, con-
ductor {449, armatures 1363 and {344, start con-
ductor 1302 and cable !, armaturve 8§17 of the
operated connect relay §76, winding of start re-
lay. 688, to battery. The operation of the start
relay causes the finder ¥—{ to operate in the
usual manner to find the calling line. When the
wipers 618 have been raised to the level in
which the calling line is located change-over re-
lay 630 operates and locks itself to battery at
armature 8§32 mnd résistance R—4, in addition,
this battery potential is exterided by way of the
release answer conductor 608 and cable [, to the
winding of answering pilot relay (348 and ground.
Relay 1348 operates over this circuit and at the
front contact of armature 344 applies direct
ground to start conductor (302. The operator is
informed when this operation takes place, by the
lighting of the busy supervisory lamp 568, which
is controlled at armature 636 of relay 630, and

-restores her emergency key K—{08 to normal,

The subsequent operations of the finder are the
same as have been described. As has been
pointed out above, the starting of an operator-
selected finder is controlled by the application
of ground potential to start conductor 1302. This
ground potential is automatically applied by way
of position start conductor 1187 of the distributor
of Fig. 12. When the distributor fails, the oper-
ator can control the application of ground po-

tential to start conductor (302 by operating her

emergency key X—I0 and holding it in the op-

erated position untl the busy lamp of the finder-

selected is lighted. Therefore, each operator can
control this starting eircuit of the finders as-
signed to her position by operating her emer-
gency start key.

In the event that the sender link SI.—2 be-
comes defective, the operator may note by ob-
serving the sender #2 pilot lamp 1686 that the
link is not operating properly. When this oc-
curs she may actuate key K—4 of Fig. 16 to
open the normally closed contacts of the springs
designated sender cut-out #1, thereby prevent-
ing relay 1620 from operating to prepare the
eircuit of relay (638. Since no locking circuit
now exists for relay 1618 (which locking circuit
included the left-hand winding of relay 1620),
relay 1610 operates each time the sender con-
trol conductor 1384 is grounded in the position
equipment, thereby causing sender link SL—I( to
operate each time, instead of alternating with
the sender link SI—2. When this condition ex-
ists, the operator must refrain from operating a
talking key, during a busy pericd, of an idle
link pursuant to the acceptance of a new call un-
til the dimly lighted pilot lamp {588 has be-
come extinguished by the restoration of the op-
eratéd relay 938 to indicate that the previ-
ously recorded number has been completely re-
transmitted and that the sender link has cleared
out.

In the event that the sender link SL—I, instead
of the sender link SI—2 has become defective,
the operator may throw the key KX—4 in the op-
posite direction, to close the normally open con-
tacts of the sender cut-out #2. 1In this event,
relay 1620 is maintained operated at all times
from the grounded conductor 1188 (which con-
ductor is grounded by relay {i(0 as long as the
operator’s headset is inserted in the jack). Each
time sender control conductor 1364 - becomes
grounded, sequence relay 1630 will operate by
way of contact.1623.0f the operated relay 1620,
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With relay 1630 operating alone each time the -
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sender control conductor bécomes grounded, the
sender link SL—2 is used for each call instead of
alternating with the sender link SL—I|. -

If an operator at any position of the switch-
board finds it necessary to vacate her position
at a time when a call is remaining to be cleared,
she operates her position grouping key K-—I1,
Fig. 13, thereby causing the operation of transfer
relay 1330. At armatures 1331 to 1338, inclusive,
relay (330 transfers the conductors 1368, (3685,
804, 1357, and 605 to the adjacent operator’s posi-
tion so that the succeeding operator can talk or
monitor on the vacated position for the clearance
of existing calls. .

What is claimed is:

1, In a telephone system, an operators posi-
tion, & plurality of links controlled from said.po-
sition by the operator for completing connec-

tions, means controlled by the operator for select- .
ing any one of sald links for use, each of said

links having an answering switch and a calling
switch, incoming trunk lines accessible to said
answering switches, toll lines accessible to said
calling switches, selector switches accessible to
sald answering switches, means responsive to a
call on any one of said trunk lines for marking
such trunk line in the banks of sald answering

" switches and for starting the operation of the

answering switch of an operator’s selected link
to find the marked calling trunk line and to con-
nect the trunk line to the operator’s position, op-
erator controlled means for operating the calling
switch of the selected link to select any one of
said toll lines, means controlled at will by the
operator for preventing any one of the answering
switches from operating to answer calls when a
link is selected, and operator controlied means

" for operating the answering switch of any select-

40

45

55

70

ed link to function as a calling switch to find an
idle one of said selector switches.

2. In a telephone system, an operator’s switch-
board position, link circuits at said position, one
end of each of said links terminating in answering
switches and the other end of each of said links
terminating in calling switches, incoming two-
conductor trunk lines from local exchanges ac-
cessible to said answering switches, toll lines ac-
cessible to said calling switches, means for op-
erating any one of said answering switches as
a finder to find any calling one of said incoming
trunk lines, meéns controlled by the operator for
operating the calling switch of the link connect-
ed to the operated answering switch to extend
the incoming call to any one of said toll lines,
selector - switches accessible to said answering
switches and having access to said toll lines and
to outgoing trunk lines to local exchanges, means
controlled at will by the operator for preventing
all of said answering switches from operating as
finders to find a calling trunk line and for con-
trolling any one of said answering switches as
a calling switch to find an idle one of said selector
switches.

3. In a telephone system, an operator’s switch-

‘board position, a plurality of operator-controlled

link circuits individual to said position, an an-
swering switch for each of said links, incoming
trunk lines accessible to said answering switches,
means controlled by the operator at said posi-
tion for selecting any one of said links to pre-
peare it to connect with any one of said incoming
trunk lines, means effective when there is a call
on any one of said trunk lines for operating the

98 answering switch of any selected link to find and

2,167,710
. connect with the calling trunk line only, outgoing

trunk lines accessible to sald answering switches,
means controlled by the operator for preventing
any answering switch at said position from oper-
ating to find any incoming trunk line, 1and
means for operating any link and associated an-
swering switch to select and connect with an idle
one of said outgoing trunk lines.

4, In a teléphone system, an operator’'s switch-

board position, operator-controlled switching ap-
paratus individual to said position normally en-
abling said operator to receive a plurality of suc-
cessive calls from calling subscribers and to ex-
tend them to called subscribers in accordance with
CLR operation, and operator-controlled means at
sald switchboard position for changing the nor-
mal operation of sald switching apparatus to en-
able said operator to set up a plurality of succes-
sive tail-to-tail connections in accordance with
point-to-point operation as long as said operator-
controlled means is retained operated.

5. In a telephone system, a manual exchange,
trunk lines incoming from a central office switch-
board and terminating in plug-ended cord cir-
cuits in said manual exchange, means operative
when a call is received for displaying the called
member and for identifying the cord circuit in
use, a visual signal at said manual exchange
lighted steadily when the manual exchange oper-
ator is to test for a busy condition on the called
line,and meanscontrolled over the incoming trunk

lines by the operator at the central office switch-

board for causing said visual signal to light in-
termittently when said manual exchange oper-
ator is to extend the connection to a called line
without making a busy test.

6. In a telephone system, a manual exchange.

a two-conductor trunk line incoming from a dis- -

tant office and terminating in a plug-ended cord
circuit in said manual exchange, & local sub-
scriber’s line terminated at said manual exchange,
means operative when a call is received over said
trunk line for said subscriber’s line for display-

ing said subscriber’s line number and for identify-

ing satd cord circuit, a relay in said cord circuit
operated when said number is displayed, a lamp,
means responsive to the operation of said relay
for lighting sgid lamp as a signal to the manual
exchange operator to test said subscriber’s line
for a busy condition, and a second relay controlled
over said trunk line for causing said lamp to flash
as & signal to the manual exchange operator to
extend the connection to said subscriber’s line
without testing the line for a busy condition.

7. In a telephone system, a calling trunk line,
a called line, means including a cord circuit for

_connecting said calling trunk line with said called

line, means controlled over said trunk line for
preparing & circuit in said cord for applying a
source of ringing current to the called line when
said cord circuit is connected thereto, a flashing
lamp signal, and means controlled over said
trunk line for preventing the application of said
ringing current to said called line and for operat-
ing said flashing lamp signal as an indication that
the cord circuit is to be connected to the called
line in the event that it is busy.

8. In a telephone system, a first exchange and
a second exchange, two-conductor trunk lines
connecting sald exchanges, automatic switches in
the first exchange, means responsive to a call by
a calling operator for operating a plurality of said
switches to seize an idle one of said trunk lines,
said trunk lines terminating in plug ended cord
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to said cord :Jrguits operative when a call is re~
ceived for displaying the called number and for
identifying the cord circuit in use, means in the

seized cord circuit operated automatically over .
. the associated trunk line for preparing an auto-

matic signalling circuit for the called subscriber,
and means responsive to the insertion of the plug
of the seized cord circuit into the line jack of the
called subscriber’s line for connecting said signal-
ling circuit thereto.

8. In a telephone system, a first exchange and
& second exchange, two conductor trunk lines
connecting said exchanges, automatic switches in
said first exchange, means responsive to a call by
a calling operator for operating a plurality of said
switches to seize an idle one of said trunk lines,
sald trunk lines terminating in plug-ended\cord
circuits in said second exchange, means cominon
to said cord circuits operative when a call is re-

ceived for displaying the called number and for'

identifying the cord circuit in use, means in said
cord circuit for applying a source of ringing cur-
rent to the called subscriber’s line, means for dis-
connecting sald ringing current from the called
line when the called subscriber answers, and
means in said cord circuit controlled at will by
said calling operator over said trunk line for con-
trolling said ringing current applying means as
desired. ) )

10. In a telephone system, a first exchange and
2 second exchange, two conductor trunk lines
connecting said exchanges, automatic switches at
said first exchange, an inward operator’s position
and a recording operator’s position at said first
exchange, means at each of said operator's posi=
tions for operating a plurality of said switches
to seize an idle one of said trunk lines to extend
calls, said trunk lines terminating in plug-ended
cord circuits in said second exchange, means com-
mon to said cord circuits operative when a call is
received for displaying the called number and for
identifying the cord circuit in use, means in each
cord circuit for applying a source of ringing cur-
rentt to a called subscriber’s line, means in each
cord cireuit automatically controlled over a trunk
line when a call is extended by an operator at
said Inward position for preparing said ringing
current applying means for operation, said last
mentioned means adapted to be controlled manu-
ally when a call is extended by an operator at
sald recording position and also adapted to be
controlled manually by the operator at said in-
ward position to rering a called subscriber.

11, In a telephone system, an operator’s posi-
tiom, toll lines and line circuits thereof, means
&l said operator’s position operative responsive
to an Incoming call on any one of said toll lines
for finding and connecting the calling one of said
toll Hnes to said operator’s position, means at
each of said line circuits for connecting ‘a tone
o _the associated toll line in the event that the
toll line is defective, said Iast mentioned means
controlled by the operator at said operator’s posi-
tion over one of the talking conductors of said
line circuit.

12, In a telephone system an operator’s posi-
tion, a plurality of toll lines, a line circuit for
each of said toll lines, means at said operator’s
position for receiving and extending calls over
said toll lines and associated line circuits, a relay
in each of said line circuits for placing a tone on
its associated toll line and for preventing the seiz-
ure of the line circuit fo extend or receive calls,
a lamp signal for each of said toll lines, each of
said lamp signals lighted responsive to the opera-
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tion of the relay in its associated line circuit,
means at said operator’s position momentarily

:actuated when a defective toll line.is encountered

for operating the relay in the associated line cir-
cuit, said relay maintained operated in a circuit
including its associated lamp signal. -

13. In a telephone system, an operator’s posi-
tion, a toll line, means controlled by the operator
at said position for receiving and extending calls

over said toll line, a test panel, a trouble lamp

at sald test panel individual to said toll line,
means controlled by the operator at said position
for placing an audible tone on said toll line as an

indication that said toll line is defective, for light-

ing said trouble lamp, and for preventing the
extension of calls over said toll line from said
position, ' ’

14. In a telephone system, an operator’s posi-
tion, a toll line, automatic switching means con-
trolled by the operator 'at said position for re-
ceiving or extending calls over said toll line, a
test panel, a trouble lamp at said test panel in-
dividual to said toll line, a device for placing an
audible tone on said toll line as an indication
that said toll line is defective, for lighting said
trouble lamp, and for preventing the extension
of calls over said toll line, a key at -said position,
said device actuated responsive to a momentary
operation of said key, and means at said test
panel for restoring said device to normal.

15. In a telephone system, a first and second
automatic exchange, an operator’s position af

'sald first exchange, trunk lines to said second

exchange, a register sender in said first exchange
conirolled from said operator’s position to regis-
ter digits of a called line terminating in said

second exchange and for retransmitting the digits

of the called line number, switches in said first
exchange responsive to certain of the retrans-
mitted digits to select an idle one of said trunk
lines, the remainder of the retransmitted digits
controlling the automatic switches in said second

exchange to complete the connection to the called -

line, a level hunting switch included in the switch
train at said first exchange adapted to search

- in more than one level of its associated bank for

an idle one of said trunk lines, and means in said
register sender controlled by said hunting switch
for delaying the retransmission of said remain-
ing digits until an idle trunk %o said second ex-
change is seized.

16. In g telephone system, a plurality of aubo-
matic switches, a level hunting switch, a register
sender for transmitting successive digits for oper-
ating successive ones of said switches to complete
& connection to said level hunting selector switch

-and for transmitting a digit to operate said hunt-

ing switch and means for delaying the transmis-
sion of further digits by said sender until said
level hunting switch has seized a succeeding

_switch.

17. In a telephone system, two automatic ex-
changes, an operator’s position and a register
sender in the first of said exchanges, toll lines
accessible {o automatic switches in said first ex-
change and terminating in automatic switches in
the second of sald exchanges, means at said op-
erator‘s position for controlling the registers of
said register sender to register the digits of a
wanted subscriber’s telephone number located in
said second exchange, means in the sender equip-
ment of said register sender for transmitting
the registered digits thereby controlling the auto-
matic switches in said exchanges to extend a con-
nection to the wanted subscriber’s line, one of
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the automatic switches included in bullding up
of sald connection adapted to search for an idle
one of said toll lines, and means controlled from
said switch for delaying the retransmitting of
succeeding digits by sald sender until an idle
toll line is selzed.

18. In a telephone system, & register sender
controllable from an operator’s switchboard and
having registering ¢apacity of a given number
ot digits, means in said register sender for deter-
mining the spacing time between the retrans-
missions of succeeding registrations on said reg-
isters, and additional means for automatically
increasing the spacing time between the retrans-
missions of succeeding registrations.

19. In a telephone system, a register sender
controllable from an operator’s switchboard and
having means for registering and retransmitting
series of impulses, each series corresponding in
number to each of the digits registered, auto-
matic switches operated in response to said im-
pulses, means in said sender for spacing the time
between one impulse series retransmission and
the next, and additional means in: saild sender
controlled from said automatic switches for auto-
matically increasing the spacing time as required.

20. In a telephone system, a toll switchboard
including two positions, link circuits at the first
position, each of said links comprising an an-
swering and a calling switch, each of said an-
swering switches accessible to toll lines from dis-
tant exchanges, link circuits‘at the second posi-
tion, an answering switch for each of the links
at sald second position accessible to trunk lines
from local exchanges, a calling switch individual
to each of the second position links, said toll
lines and sald trunk lines accessible to the an-
swering switches at both of sald positions.

21. In a telephone system, a toll switchboard
including two positions, link circuits at sald posi-
tions, each of said link circuits including an an-
swering and a calling switch, toll lines from
distant exchanges accessible to the answering
switches at the first position, trunk lines from
local exchanges accessible to answering switches

at the second position, said toll lines and said

trunk lines accessible to the calling switches at
both positions, means for selecting an idle one of
sald links at said first position to answer a call

received over one of said toll lines and to ex-

tend the call to complete the connection, and

‘means for selecting an idle one of said links at

said second position to answer a call received over
one of said trunk lines and to extend the call to
complete the connection.

22. In a telephone system, a toll switchboard
including two positions, link circuits at the first
position, each of said links comprising an answer-
ing and a calling switch, toll lines from distant
exchanges accessible to said answering switches,

link circuits at the second position, an answering

switch for each of the links at said second posi-
tion accessible to trunk lines from local ex-
changes, a calling switch individual to each of the
second position links, said toll lines and said
trunk lines accessible to the answering switches

. at both of said positions, an interposition trans-
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fer trunk for each of said positions accessible to
the answering switches thereat, transfer selectors
accessible to all of said calling switches and hav-
ing access to said interposition transfer trunks,
means effective when a call is received via an

answering switch at either of said positions for

extending the call to the other operator’s posi-
tion by way of the associated calling switch, &
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transfer selector and the wanted operator’s inter-
position transfer trunk, and means at the selected
position for operating an answering switch to
find and connect with the calling transfer trunk

and for preventing the operator thereat from -

answering other incoming calls until the call re-
ceived over the interposition transfer trunk has

been completed.

23. In a telephone system, a toll switchboard

including two positions, link circuits at both of:

said positions, each of said links comprising an
answering and a calling switch, two-way toll
lines from distant exchanges accessible to the
answering switches at the first of said positions,

outgoing trunk lines to local exchanges accessible .

to the calling switches at said first position, an
interposition transfer trunk, transfer selectors
accessible to the calling switches at sald first posi-
tion and having access to sald interposition trans-

fer trunk, incoming trunk lines from local ex-:

changes, the answering switches at the second of

" said positions accessible to said incoming trunk

lines and said transfer trunk, the calling switches
at the second of said positions having access to

sald toll ines and said outgoing trunk lines, means .

at said first position for causing an idle one of sald
answering switches to find a calling toll line and
for extending the call by way of an idle outgoing
trunk or by way of a transfer selector and said

interposition transfer trunk to said second posi- .

tion, and means at the second position for answer-
ing the call received via the interposition transfer
trunk and for extending the call in the desired
direction. )

24. In a telephone system, a switchboard in-
cluding an inward position and a point-to-point
position, means at the inward position for re-
ceiving incoming toll calls and for extending said
calls either to other toll exchanges or to local ex-

changes, means at said point-to-point position.

for receiving incoming local exchange calls and
for extending said calls to other local exchanges
or to toll exchanges, an inter-position transfer
trunk means at said inward position for extend-

ing a received toll call to the point-to-point posi- -

18

tion via sald interposition transfer trunk, and.

means at said point-to-point position for pre-
venting incoming local calls from being answered
until the call received over said transfer trunk is

answered and extended in the desired direction. ,

25. In a telephone system, a first operator’s
position, a link circuit thereat extending between
an answering and a calling switch, incoming toll
lines accessible to said answering switch, means
effective when there is a call on any one of sald
incoming toll lines for operating said answering
switch to find and connect with the calling
toll line, an interposition trunk line, operator
controlled means for operating said calling switch
to extend the calling toll line connection over said
interposition trunk, a second operator’s position,
a link circuit extending between an answering
and a calling switch at said second operator’s
position, said interposition trunk accessible to
the answering switch at said second position,
means in said second position answering switch
effective when said calling switch at said first
position seizes the interposition trunk for finding
and connecting with said interposition trunk, and
means at sald second operator’s position for oper-
ating the second position calling switch to fur-
ther extend the connection that was received from
a toll line accessible only to the answering
switches at said first position.

26, In a telephone system, a multi-position
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operator’s switchboard, a separate group of line
finders allotted to each position of the switch-
board, separate branch start conductors at the
respective positions of the switchboard and means
for extending such branch conductors selectively
to the finders allotted to the respective asso-
clated positions, a common start conductor, a
distributor interposed between the common start
conductor and the position branches thereof for
connecting the position branches selectively to
the common start conductor, and means for use
in the event that the distributor becomes defec-
ive for selectively controlling the branch start
conductor individual to each position.

27. In a telephone system, a switchboard in-
cluding several operator’s positions, a group of
line finder links at each position, a group of lines
accessible to all of said links, a start circuit com-

mon to all of said lines for controlling the start-

ing of the finders, operator-controlied means for
selecting a finder allotted to her position, a dis-
tributor interposed between the common start
circuit and the finders for allotting the common
start circuit to any position in which a finder has
been selected, and means controlled by the oper-
ator at any position for preventing the distributor
from allotting the common start circuit to a
selected finder at her position.

28. In a telephone system, a plurality of link
circuits individual to an operator’s position, &
plurality of incoming toll lines, a busy signal at
the position for each of said links, a supervisory
lamp for recall and disconnect supervision for
each of said links, operator controlled means ef-
fective when a call is received over any one of sald
lines for connecting the calling line with an idle
one of said links, means responsive to such con-
nection for operating the busy signal correspond-
ing to the connected link, means in the link for
answering the call and for extending the call in
the desired direction, means controlled over the
toll line for lighting said supervisory lamp, and
mesans for maintaining said lamp lighted until the
operator again answers the call.

28. In a telephone system, a plurality of link
circuits individual to an operator’s position, a plu-
rality of incoming toll lines, a supervisory lamp
for recall and disconnect supervision for each of
said links, operator controlled means effective
when 2 call is received over any one of said lines
for connecting the calling line with an idle one of
said links, g supervisory relay for controlling
said supervisory lamp, means responsive to such
connection for maintaining said relay operated to

prevent the lighting of said supervisory lamp,

means momentarily controlled over the connected
toll line for releasing said relay to light said
supervisory lamp, and means for preventing the
reoperation of said relay until the operator agaln
answers the call on said. toll line.

30. In a telephone system, an operator’s posi-
tion, s link assigned to sald position, connecting
means associated with said link for enabling the
operator to connect with and answer calls from
calling lines, automatic switching apparatus asso-
ciated with said link for enabling the gperator
to extend a connection from a calling to a desired
called line, a register sender, means at said opera-
tor’s position for associating said register sender
with said switching apparatus, means controlled
by said operator for operating said register sender
to record the number of the called line, means in
said register sender for transmitting impulses to
control said automatic switching apparatus in
accordance with the registered number to extend
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the connection, and means responsive to the regis-
tration of the first digit for automatically starting
the sender to transmit switch operating impulses.
" 31, In .a telephone system, an operator’s link
through which answered calls may be extended
to desired called lines, a busy lamp individual to
said operator’s link and means for lighting it
when a call has been answered, automatic switch-
ing apparatus operable to extend a conngction
from said operator’s link to a desired call line
responsive to impulses, a register sender, a sender

link operated responsive to the answering of a

call for automatically associating said register
sender with said operator’s link, an operator’s key
set for controlling said register sender to register
the digits of a called number and to retransmit
switch operating impulses to bring about the de-
sired connection, and a disconnect key operated
immediately after the last digit of a called num-
ber has been registered for causing the sender link
to disconnect register sender from the operator’s
link after the impulses of the last registered digit
have been retransmitted.

32, In @ telephone system, a register sender for
registering and - retransmitting a plurality of
digits, a register having registering capacity of a
given number of digits, some of the telephone
numbers containing digits in excess of said reg-
istering capacity, means for operating said reg-
isters in seguence to store certain of the digitsin &
telephone number, a sender device, means for
operating said sender to successively retransmit
the digits stored under control of said registers,
means for releasing each of .said registers’n turn
responsive when the digit stored thereon has been
retransmitted, and means responsive to the stor-
ing of a digit on the last register for enabling the
released registers to be operated in sequence to
store the remaining diglts in said telephone num-
ber. .

.~ 33. In a telephone system, s register sender for
storing and retransmitting g plurality of digits,
g register having storage capacity of a given num-
ber of digits, some of the telephone numbers con-

taining digits in excess of said storage capacity, -

means for operating sald registers o consecu~
tively store certain of the digits in a $elephone
number, 8 sender device, means responsive to the
storing of the first diglt of said number for start-
ing the operation of said sender to retransmit the
digits in the same order that they were stored,
means respousive to the retransmission of a
stored digit for releasing the storage device there-
for, and means effective when the last storage
device in the register is operated for enabling re-
leased storage devices t0 be reoperated consecu-
tively to store additional digits in said telephone
number.

34. In a telephone system, a register sender
controllable from an operator’s switchboard and
having registering capacity of a given number of
digits, some of the telephone numbers containing
digits in excess of said registering capacity, means
for controlling the register sender to register some
of the digits in a telephone number, a sender for
transmiting a separate series of impulses for each
digit registered on successive registers respec-
tively, means responsive to the registration of a
first digit for starting said sender, means for re-
leasing each successive register in turn respon-
sive to the completion of the transmission of the
digit registered thereon, means effective immedi-
ately responsive to the registration of a digit on
the last register for enabling the first register to
be reoperated to register an additional digit in the
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telephone number, and means effective as each
of the remaining registers are released for pre-
paring the released register to receive and register
an additional digit in the telephone number.

35. In a telephone system, a register sender

~ controllable from an operator’s switchboard and

having registering capacity of a given number
of digits, some of the telephone numbers con-
taining digits in excess of sald registering
capacity, means controlled by the operator at
said switchboard for setting the registers in said
register sender to record a telephone number, a
sender for retransmitting impulses corresponding
to the registrations on said registers, means in
said sender responsive when the sender catches
up with the registrations on sald registers for
delaying further transmission of impulses until

_another digit is registered, means controlled by

said sender for releasing each of the registers
consecutively responsive to the retransmission
of the digit registered, and means responsive
each time a digit is registered on the last register
for recycling the registers so that each register
may be reoperated successively to register an-
other digit in said telephone number as soon as
the register is released by said sender control
means,

36. In a register sender, a plurality of registers,
means for registering a digit of a number of each
of said registers consecutively, means responsive
to the setting of the last register for passing said
registering means to the first register to enable
the registers to be reset consecutively a second
time, a sender, means responsive to the registra-
tion of the first digit for starting sald sender to
transmit impulses corresponding to the digits
registered and for continuing the transmission
of impulses until all of the said registered digits
have been transmitted, and means operated after
all the digits of a number have been registered
for preparing the release of said register sender
responsive to the transmission of the last regis-
tered digit.

37. In a telephone system, a register sender,

-registers in said register sender, the number of

registers being less than the total number of
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digits in a telephone number to be registered,

-means for registering successive digits of a tele-

phone number on each successive register until
the last register is set, means for successively
transmitting impulses corresponding to each of
the registered digits, means for releasing each
of said registers after the digit registered is trans-
mitted, and means for enabling the further digits
in said telephone number to be successively regis-
tered on said released register in response to the
setting of sald last register.

38. In a telephone system, toll and local lines,
a switch, an incoming line circuit for each of said
toll and local lines accessible to said switch, a con-
trol circuit in said switch for enabling said switch
to be connected to the incoming line circuit of
a calling one of said lines, a supervisory relay
in said switch operated over said control circuit
when a connection is made with a line circuit,
means in the incoming line circuit of a toll line
and controlled over the toll line responsive to
alternating curreni for releasing said relay, and
means in the incoming line circuit of a local line
and controlled over the local line responsive to a

.reversal in current flow for releasing said relay.

39. In a telephone system, toll and local lines,
a switch having access to said lines, a control
circuit in said switch for enabling the same to be
connected with a calling one of said lines, a
supervisory relay in said switch, and means for
controlling said relay in one manner over the con-
trol circuit when a connection is made to a toll
line and in another manner over the control
circuit when a connection is made to a local line.

40. In a telephone system, a trunk line, auto-
matic switches, a link circuit, means including
said lHnk for confrolling said switches to select
said trunk line to extend a call, signalling means
in the last switch for applying ringing current to
said trunk line, a source of direct current, means
associated with said link for automatically con-
necting said current source to operate said signal-
ling means momentarily, and manually con-
trolled means associated with said link for con-
trolling said signalling means at will.

THOMAS F. CROCKER.
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