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(23

" The present invention relates to telephone
systems, and more particularly -to small auto-
matic telephone systems of the type adapted for
installation in small towns or villages,

An automatic telephone system of the char-
acter noted is generally known as a community
automatic exchange or C. A. X and usually has
a line capacity of one hundred lines or less.
reasons of economy, the lines are usually of the

noted, an improved line finder switch of the all-

For*

relay type which is fully directive in character.
Another object of the invention is to provide
in & telephone system including a plurality of
finder switches, improved allotter or distributor
equipment associated with the finder switches for
assigning in a predetermined order idle ones of
the finder switches to the use of calling lines.
A further object of the invention is to provide
allotter or distributor equipment associated with

10 multi-party type and code ringing is utilized for the finder switches of a telephone system which 10
selectively signaling the telephone stations on is operable to assign an idle one of the finder
the various subscriber Iines. In order to pro- switches to the use of the next calling line imme-
vide toll service to the subscribers, provisions are. diately after a previously assigned one of the
also made for trunking calls to and from one or finder switches selects a calling line and to pre-

15 more distant exchanges. One improved all-relay vent the assignment of the previously assigned 18
telephone exchange of thi type is disclosed and finder switch as long as the selected calling line
claimed in the copending application Serial No, is busy, -and an improved arrangement respon-

86,046, (Norman H. Saunders), filed June 19, sive to a fault i one of the finder switches for
-1936. . causing operation of the allotter or distributor

20 In brief, in the system as disclosed in the equipment to prevent the assignment of the one gg
above-mentioned Saunders application, the sub- finder switch. :
scriber and trunk lines extend to the finder and Another object of the invention is to provide
connector switches of each of g plurality of all- in a telephone ‘system, a numerical switch hav-
relay finder-connector links, common equipment _ing access to a plurality of trunk and subscriber

25 including a relay type link distributor or allotter - lines, and including improved apparatus selec- gog
being provided for assigning idle ones of the links tively controlled in accordance with different
to successive calling lines in a bredetermined relations between the line selecting digits' for
order. The finder switches of the various links causing the operation of the numerical switch
are semi-directive in character; that is, it is to provide trunk and subscriber line selection.

30 necessary to hunt for the calling line in a pre- A further object of the invention is to provide g
“viously marked group of lines during the opera- in a numerical switch having access to a group
tion of a link to seize the calling line, Although of lines including subscriber and trunk lines an
this arrangement is entirely satisfactory from improved arrangement for causing operation of
.an -operating standpoint, a substantial interval the switch to select a particular one of the

35 of time is consumed by the finder switch in subsecriber lines or for cansing operation of the 85
hunting the calling Iine in the previously marked switch to select s previously selected idle one of
group of lines. Provisions are also made in the the trunk lines, and improved apparatus re-
system of the Saunders application for testing a ' sponsive to the selection of the one trunk Hne
selected line to determine the idle or busy.con- for immediately selecting another-idle one of the

40 dition thereof, for applying busy tone. current trunk lines for use. . P
to a calling line in the event the selected called ° The features of the present invention are
line is busy, and for applying coded ringing illustrated as being ‘incorporated in a telephone
current ¢o a called multi-party subscriber line exchange having an ultimate capacity of one
in the event the selected called line is idle in hundred Hnes. The lines are arranged in a

45 order to signal a particular telephone station plurality of groups of ten lines each of which 4¢3
connected thereto, - ' is individually divided into two subgroups of

It is an object of the present Invention to pro~- five lnes each, certain of the lines being- two-
vide, in a telephone system - of the character way inter-office trunk lines, others of the lines
"noted, an improved line finder switch of the being private exchange or P, B. X trunk lines,

50 all-relay type which requires a minimum num- and the remainder of the lines being subscriber 50
ber of relays both in the switch itself and in lines. The various lines individually terminate
the associated common equipment, in line circuits which are connecf‘ed in the same

It Is another object of the invention to pro-  manner regardless of whether a line is a trunk
. vide, in a telephone system of the character or a subscriber line. The telephone exchange

55 also includes. a plurality of finder-connector
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links which individually have access to the lines,
and allotter or distributor apparatus for assign-
ing, in a predetermined order, idle ones of the
links to the use of the calling Ilines.

In accordance with one feature of the inven-
tion, each of the finder switches includes & phu-
rality of group relays, a group of unit relays,
and @ subgroup relay, each of the group relays
being operative to select a corresponding group
of lines, and each of the unit relays being oper-
ative to select-a corresponding line from each
of the subgroups, depending upon the operated
or non-operated condition of the subgroup relay.
More specifically, each group of lines is divided
into- two subgroups respectively comprising odd

_and even numbered lines and the arrangement

is that, when a call is initiated on an odd line,
the corresponding group and unit relays operate,
without operating the subgroup relay, in the

finder switch of the assigned link to select the
On the other hand, when & call -

odd calling line.
is initiated on an even line, the corresponding
group and unit relays and the subgroup relay
operate in the finder switch of the assigned link
to select the even calling line. This arrange-

" ment reduces the number of unit relays required

in each finder switch by approximately one-half

" and results in a considerabile reduction in the

30

manufacturing cost of the finder switches.
In accordance with a further feature of the

" jnvention, the group relay and the unit relay in

35
40
a5
50

55
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a finder switch of an assigned link are arranged
to operate substantially simultaneously to select
a line in one of the subgroups; and the group
relay, the unit relay and the. subgroup relay in
the finder switch of an assigned link are ar-
ranged to operate substantially simultaneously to
select & line in the other of the subgroups. This
is accomplished by providing common equipment
for controlling the operation of a control relay
provided in each of the finder switches. More
particularly, the common equipment comprises a
group of first auxiliary relays individually corre-
sponding to a particular group of lines and to a
particular group relay in each finder switch, a
group of second auxiliary relays individually cor-
responding to a particular line in each subgroup
of lines and to a particular unit relay in each
finder switch, and a third guxiliary relay corre-
sponding to one of the subgroups in each group
of lines and to the subgroup relay in each finder
switch. With this arrangement and when a call
is initiated on a particular line in one of the
subgroups, the corresponding first and second
auxiliary relays in the common equipment are
operated and cause, the corresponding group and
unit relays in the finder switch of the assigned
link to be conditioned to, be operated. Also,
the second auxiliary relay in the common equip-
ment causes the operation of the control relay
provided in the finder switch of the assigned
link, which latter relay causes the - previously
conditioned group and unit relays in the finder
switch of the assigned link to operate substan-
tially simultaneously, thereby to select the call-
ing line. When a call is initiated on a line in
the other of the subgroups, the corresponding
first and second auxiliary relays and the third
auxiliary relay in the common equipment are
operated. The first and, second auxiliary relays
in the common equipment condition the corre-
sponding group and unit relays in the finder
switch of the assigned link to be operated, and
the third auxiliary relay in the common equip-

ment conditions the subgroup relay in the finder

2,177,089

switch of the assigned link to be operated. Also,
the second auxiliary relay in the common equip~
ment causes the operation of the control relay
of the finder switch of the assigned link, which
latter relay causes the previously conditioned
group, unit and subgroup relays in the finder
switch to select the calling line. This arrange-

ment renders the finder switch fully directive and——""

reduces the time required in extending a con-
nection from a calling line to an idle link.

For the purpose of assigning, in a predeter-
mined order, idle ones of the finder switches to
the use of calling lines, there is provided, in
association with the several links, allotter or dis-

_ tributor equipment including a group of allotter

relays individually corresponding to the links.
Tn accordance with a further feature of the in-
vention, each of the allotter relays is provided
with operating and holding circuits for energizing
the same, and circuits controlied by the opera-
tion of the allotter relay also being provided for
assigning idle ones of the finder switches to the
use of the lines having a calling condition there-
on, and for preventing the assignmeént of the
corresponding finder switch to the use of the
lines having & calling condition thereon. More
particularly, the arrangement is such that when
one of the finder switches operates to select a line
having a calling condition thereon, the operating
circuit of the corresponding allotter relay is
completed. Upon operating, the allotter relay
completes its holding circuit, assigns an idle one

_of the finder switches to the use of the next line

having a calling condition thereon, and prevents
the assignment of the corresponding finder switch
to the use of lines having a calling condition
thereon. Idle ones of the finder switches are
operated successively until the last finder switch
in the group is taken for use by a calling line.
At this time the holding circuits of all of the
allotter relays are interrupted and those allotter
relays corresponding to idle finder switches re-
store to recycle the idle finder switches for use
by the lines having a calling condition thereon.

In accordance with a still further feature of
the invention, an arrangement is provided in
association with each of the allotter relays for
operating the same in response to the presence

of a fault in the corresponding finder switch, in

order to prevent the assignment of the corre-
sponding finder switch to the use of one of the
lines having a calling condition thereon. More
specifically, each of the allotter relays is provided
with an additional operating circuit for ener-
gizing the same, which is controlled. by a& fault
detector comprising a fuse link individual to the
corresponding finder switch. When a fault ap-

10

15

20

25

30

35

40

pears in one of the finder switches, the fuse link. -

individual thereto is operated or blown, causing .

the additional operating circuit of the corre-
sponding allotter relay to be completed. Upon
operating, the corresponding - allotter- relay pre-
vents the assignment of the finder switch having

a fault therein to the use of one of the lines hav- .

ing a calling condition thereon.

In accordance with another feature of the in-
vention, each numerical or connector switch of
each link is provided with apparatus, including
a group of impulse counting relays for causing
operation of the numerical switch to provide
trunk and subscriber line selection in an im-
proved manner.. More particularly, the appara-
tus is responsive to a predetermined digit and
a predetermined digit following the first-men-
tioned digit for causing the operation of the
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switch to select a particular subscriber line, and
is responsive to the first~mentioned digit and a
different predetermined digit following the first-
mentioned digit for causing the operation of the
switch to select an idle one of g certain group
of trunk lines. =~ ,

In accordance with a still further object of
the invention, an improved arrangement is pro-
vided in conjunction with the last-mentioned
group of trunk lines for assigning idle ones of
the trunk lines to be selected by the numerical
switches in a predetermined order. This ar-
rangement is such that an idle one of the trunk
lines is assigned for the use of the numerical
switches immediately following the seizure of a
previously selected one of the trunk lines by one
of the numerical switches.

Further features of the invention pertain to a
particular arrangement of the circuit elements
whereby the above-outlined and additional op-
erating features are attained.

The novel features believed to be characteristic
of the invention are set forth in the appended
claims. The invention, both as to its organiza-
tion and method of operation, together with fur-
ther objects and advantages thereof, will best be
understood by reference to the specification, taken
in connection with the accompanying drawings,
in which Figure 12 illustrates the general ar-
rangement of a system embodying one form of
the present invention; Fig. 9 illustrates the mode
of combining the remaining figures of the draw-
ings to form a unified system; and Figs. 1 to 8,
inclusive, 10 and 11, illustrate the details of a
system having incorporated therein the features
of the invention as briefly outlined above.

Referring now more particularly to Fig. 12 of
the drawings the telephone system there illus-
trated comprises a small community automatic
exchange {0, a second automatic exchange 185,
and a third automatic exchange 186. The ex-
changes 185 and 186, respectively, are connected
to the exchange 10 by first and second groups,
respectively, of two-way-inter-ofﬂce trunk lines.
One of the first group of inter-office trunk lines
isindicated at 21 as terminating at a repeater 187;
and one of the second group of inter-office trunk
lines is indicated at 31 as terminating at a re-
peater 188, the repeaters 187 and 188 forming
parts of the apparatus located at the exchange
10. Also extending to the exchange {0 are two
groups of private branch exchange or P. B. X
trunk lines, not shown, which are accessible to
the finder and connector switches of the links in-
cluded in the exchange 10. Also extending to the
exchange {0 are a plurality of subscriber lines,
two of which are indicated at 20 and 30. Each
of the enumerated subscriber lines is illustrated
as being of the multi-party type having two or
more telephone stations associated therewith.
Thus, two telephone stations, IB and 2B are dia-
grammatically shown as being connected to the
line 20, and two additional stations, D and 2D,

-are dlagrammatically shown as being connected-

to the line 30. Each of the substations connected
to the various subscriber lines may comprise the
usual hand set having embodied therein a con-
ventional dial-controlled impulsing device. Each
of the lines extending to the eachange 10 termi-
nates in a line circuit through which it is rendered
accessible to the finder and connector switches of

line 20 terminates at a line circuit 20, through
‘which it is ¢onnected to the contact springs of a
finder switch 200 and to the contact springs of the

exchange. Thus, the -

3

connector switch 560 which two switches are con-
nected together by link lines to form a finder-
connector link. Similarly, the line 38 terminates
at a line circuit 30’; and the illustrated two-way
trunk lines 21 and 3! interconnecting the ex-
change 10 and the exchanges 185 and 186, respec-
tively, terminate at line circuits 21’ and 31, re-
spectively.

As many as ten telephone stations may be con-
nected to each multi-party subscriber line, these
telephone stations being arranged in two groups
comprising five telephone stations each. The sig-
nals or ringers of one of the groups of telephone
stations are connected between one side of the
subseriber line and ground, while the ringers of
the other group of telephone stations are con-
nected between the other side of the subscriber
line and ground, thereby providing an arrange-
ment utilizing divided ringing.

As indicated above, the exchange {0 is designed
to serve a relatively small number of lines com-
prising two groups of inter-office trunk lines, two

- groups of P. B. X trunk lines, and a plurality of

subscriber lines, these lines being arranged in ten

- groups of ten lines each. Accordingly, all of the

trunk and subscriber lines are arranged to be
served by any one of g plurality of finder-con-
nector links included in the exchange i8. Obvi-
ously, the number of links required for satisfac-
tory service will depend upon the volume of tele-
phone traffic, but, taking into account the char-
acter of the exchange, ten links are considered
adequate for reasonably good service. In order
to assign the links to successive calling lines in
a predetermined order, so that a link is always
available for the use of a calling line, excepting,
of course, those instances when all of the links
are simultaneously busy, there is provided in asso~
ciation therewith common equipment indicated at
69f which includes a link distributor or aliotter.
The several links also have associated therewith
common, ringing tone and timing apparatus
which is diagrammatically shown at 800.

The operation of the system to extend a ecall
Initiated at any one of the telephone stations to
another of the telephone stations is described
briefly below, neglecting the details of the circuit
arrangement. In extending a call initiated at
one of the telephone stations to one of the tele-
phone stations connected to a subscriber line in-
cluded in the second, third, fourth, fifth, sixth or
seventh group of ten lines, a corresponding tens
digit, a corresponding units digit and a corre-
sponding code ringing digit are dialed, in the order
named, at the telephone station when the call is
initiated. For example, when a subscriber at the
telephone station !B connected to the line 20

‘initiates a call, by lifting his receiver from its

switch hook, which is to be extended to the tele-
phone station ID connected to the subscriber line
30, or the tenth line in the third group of ten lines,
the line circuit 20’ operates to cause the finder-
connector link previously assigned by the link
distributor or allotter in the common equipment
691 to the calling line, to be set into operation to
selze the calling line. Assuming that the link 300
is assigned by the link distributor to set up the
connection, the finder switch 200 of the link oper-
ates to select the calling line and to connect it
through to the conductors of the link line incom-
ing to the connector switch 500 of the link. When
the calling line 20 is seized and extended by way
of the finder switch 208 to the associated switch
500, it is marked as busy in all of the other con-
nector switches of the links, and the control
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equipment of the seized link is automatically con-
ditioned to respond to the impulses of the flrst
digit transmitted from the impulsing device pro-
vided at the calling telephone station IB. Since
the subscriber lines are of the multi-party type,
provisions are made for selectively signaling the
desired called telephone station on any selected
subscriber line. With the arrangement to be de-

seribed more in detail hereafter, coded ringing is.

utilized to accomplish this end. .

The connector switch 500 of the link 300 re-
sponds to the impulses of the tens digit 3 dialed
at the calling telephone station by selecting the
third. group of ten lines which includes the called
line 30. Thereafter, and in response to the dial-
ing of the units digit 0, the called line 30 is se-
lected from the selected group of ten lines.
When the called line is selected, the control ap-

- paratus included in the link circuit functions to

20

25

test this line for the purpose of determining the

busy or idle condition thereof. If the called line .

is busy, busy tone current is applied to the link
line and returned over the loop to the calling
telephone station to indicate to the party at the
calling telephone station that the desired con-

_ nection cannot immediately be completed. -
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On the other hand, if the called line is idle at
the time it is selected, the code selecting or ring-
ing digit which is dialed at the calling telephone
station, causes a selected coded ringing’ current

to be applied to the side of the line to which the .

ringer of the telephone station 1D is connected,
the code of the selected ringing current corre-
sponding to the called telephone ‘station ID.
While each of the ringers of the telephone sta-
tions included in the group of telephone stations
with the telephone station 1D are operated, the
character of the code ring indicates that the
telephone station ID is the telephone station
being called. During the ringing operation, ring-~
back tone current is applied to the loop extending
to the calling telephone station to indicate to the
party at this station that the desired called tele-
phone station is being signaled.

Finally, a connection between the calling and
called telephone staticns is completed when the

~call is answered at the called telephone station

50
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1D. As pointed out with particularity herein-
after, the arrangement of the link circuit appa-

ratus is such that a link utilized in setting up a.

desired connection is released only when the con-
nection is cleared out at the calling telephone
station.

In extending a call initiated at one of the tele-
phone stations to one of the telephone stations -

connected to a subscriber line included in the
first, eighth, ninth or tenth group of ten lines, a
predetermined prefix digit, a’ corresponding tens
digit, a corresponding units digit, and a corre-
spnding code ringing digit are dialed, in the or-

_der named, al the telephone station initiating the

call. For example, when a subscriber at the tele-
phone station IB initiates a call, by lifting his re-
ceiver from its switch hook, which is to he ex-
tended to a telephone station connected to a par-
ticular subscriber line included in the first group
of ten lines, the line circuit 20 operates and

- causes the finder-switch of a previously assigned

finder-connector link to be operated to seize the
calling line, as previously. explained. When the
predetermined prefix digit is dialed at the calling
telephone station B, the seized link is condi-
its connector switch to select
the first, eighth, ninth or tenth groups of ten
lines. Thereafter the connector switch responds

_‘group of ten lines,

2,177,069

to the tens digit 1 dialed at the calling .telephohe
station by selecting the first group of ten lines.
Thereafter the connector switch responds to the

dialing of the units digit, corresponding to the -

particular subscriber line to which the called
telephone station is connected, to select the called
subscriber line from the selected group of ten
lines. The operation of the system to test the
selected line for the purpose of determining the
busy or idle condition thereof and to apply busy
tone current to the link line in the event that
the selected line is busy is the same as that pre-
viously described. Also, the system operates, as
described above, to cause a selected coded ring-
ing current, corresponding to the called tele-
phone station, to be applied to the side of the line
to which the ringer of the called telephone sta-
tion is connected upon dialing the code selecting
digit at the calling telephone station IB. A con-
nection between the calling telephone station iB
and the called telephone station connected to.
the particular line in the first group of ten lines
is completed when the call is answered at the
called telephone station. -

The switching apparatus located in the ex-
change 10 may also be utilized in setting up a
connection between two telephone stations con-
nected to the same subscriber line, the sole func-
tion of the apparatus in this regard being that
of selecting and applying ringing current to the
calling line of the proper code to signal a party
at the called telephone station. Carrying out

_this function necessitates the seizure of the call-

ing line by an idle link, in the manner described
above. Thereafter, and following the dialing of
the digits of the directory number of the called
telephone station at the calling telephone station,
the calling party replaces his receiver upon its
switch hook. When the calling party hangs up,
the finder switch of the operated link is released

and ringing current of the selected code corre--

sponding to the called telephone station is ap-
plied to the calling line." When the call is an-
swered, the operated link is released and the line
circuit of the line in service is operated to busy
the line, thereby to prevent seizure of the line
by the connector switch of another link when
another telephone station initiates. a call to be
extended to one of the telephone stations on the
line. A reasonable time after the calling party
hangs up he removes the receiver from its switch
hook to converse with the party at the called

telephone station. Finally, the . line circuit of

the line in use is released when the connection is
cleared out at the calling and called telephone

stations. .
As heretofore pointed out, the inter-office trunk

lines are arranged in two groups. More specifi~

cally, the first group is included in the second
and the second group is in-
cluded in the third group of ten lines. In the op-
eration of the link to select one of the first. group
of inter-office trunk lines-including the line 21

10

15

interconnecting the exchange {0 and the ex- -

change 185, only one predetermined digit “X”

comprising a predetermined number of impulses

is dialed at the calling telephone station. The
connector switch of the sefzed link responds to
the impulses of this one digit to select a pre-
viously assigned idle.one of the first group of
trunk lines. More specifically, these inter-office
trunk lines have associated therewith apparatus
for setting up idle ones of the lines for sélection
by the connector switches, which apparatus func-
tions to assign an jdle line for use immediately
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after a previously assigned line is taken for use.
Hence, at the conclusion of the predetermined
trunk selecting digit dialed at a calling telephone
station, the connector switch of the seized link
immediately operates to select the previously as-
signed idle trunk line. When the trunk line is
selected, the calling line is switched through by
way of the selected trunk line.and its associated
repeater circuit to the terminating apparatus
located in the-exchange (85, In this connection,
it is pointed out that two sets of link line con-
the link circuit of each
link, one set of which is devoid of all voice fre-
quency coupling elements such, for example, as
condensers or repeating coils, and is utilized in
extending a connection by way of one of the
trunk lines. Following the extension of the con-
nection to the trunk line terminating apparatus
located in the exchange 185, the connection may
further be extended to a desired called telephone
station such, for example, as the telephone sta-

tion A, by dialing the regular directory number -
corresponding to the line to which the telephone .
station A is connected. The manner in which the -

connection is released following the establish-
ment of a connection to the telephone station A
depends upon the nature of the repeater circuit
assoclated with the trunk line which is used in
setting up the connection.

Since the trunk lines interconnecting the ex-
changes 10 and (85 are of the two-way type, it-
will be understood that any one of these lines of
the switching apparatus included in the exchange
10 may be utilized in the completion of calls origi-
nating or extended by way of the exchange {85,
and which are to be extended to one of the sub-
scriber lines terminating at the exchange 10.
The mode of operation of the equipment in the
exchange 10 following the extension of a call
thereto by way of one of the lines in the first

group of trunk lincs is substantially similar to

“that set forth with reference to the connection
.established between the telephone stations IB

and ID.
In the operation of the link to select one of the

. Ssecond group of inter-office trunk lines including

the line 31 interconnecting the exchange 10 and
the exchange 186, only one different predeter-
mined digit “X» comprising a predetermined
different number of impulses is dialed at the ¢all-
ing telephone station, The operation and ar-
rangement of this apparatus for selecting an idle
one of the trunk lines in the second group of
inter-office trunk lines are otherwise the same as
that of the apparatus for selecting an idle one of
the trunk lines in the first group of inter-office
trunk lines, as described above.

As heretofore pointed out, the P, B. X trunk
lines are arranged in two groups. The first group
is included in the ninth group of ten lines, and
the second group is included in the tenth group
of ten lines. To select an idle one of the first
group of P. B. X trunk lines, the number
“P, X, Y, R” is dialed at the calling telephone

5 station, the digits P, X ang Y being different in
_character and

the digit R being any desired ring-
ing digit. More specifically, the number 8911 is
dialed at the calling telephone station. When the
prefix digit 8 is dialed, the seized link is con-
ditioned to operate its connector switch to select
the first, eighth, ninth- or tenth group of ten
lines. Thereafter the connector switch responds
to the tens digit 9 to select the ninth group of ten
lines. Thereafter the connector switch re-
sponds to the units digit 1 to select a previously

2,177,069
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assigned idle one of the first group of P. B. X
trunk lines. More specifically, the first group of
P. B. X trunk lines have associated therewith ap-
paratus for setting up idle ones of the lines to be
selected, which functions to assign an idle trunk
line for use immediately after a previously as-
signed trunk line is taken for use. Dialing of the
ringing digit 1 causes coded ringing current cor-
responding to the code ringing digit 1 to be ap-
plied to the selected P. B, X trunk Iine in order to
signal the operator at the private branch ex-
change connected thereto, A connection between
the calling telephone station and the operator’s
station at the private branch exchange is com-
pleted when the call is answered at the operator’s
station.

As indicated above, only a portion of the lines
of the ninth group are P. B. X trunk lines, the re-
maining lines of this group being subscriber lines.
The connector switch arrangement is such that
when the digits P, X, and X or Z are dialed into
one of the connector switches one- of the sub-
scriber’s lines of the ninth line group is selected.
For example, if the humber 899 or the number 896
is dialed at a calling telephone station the con-
nector switch of the assigned link responds by se-
lecting the particular subscriber line of the ninth
line group corresponding to the units digit 9 or 6.

In order to select an idle one of the second
group of P. B. X trunk lines the number 8011
is dialed at the calling telephone station. The
operation and arrarigement of this apparatus for
selecting an idle one of the second group of
P. B. X trunk lines are otherwise the same as
that of the apparatus for selecting an idle one of
the first group of P. B. X trunk lines described
above. )

Considering now in greater detail the appara-~
tus embodied in the exchange 10 and involved in

the above-described sequence of operations, and

referring to Figs. 1 to 8, inclusive, 10 and 11 of
the drawings, there are illustrated the elements of
the line circuits 21°, 20’, 31, and 30’ terminating
the lines 21, 20, 31 and 30, respectively, the ele-
ments of the finder-connector link 300, and the
elements of the distributor ang common equip-
ment 691.
lustrated those portions of the ringing, tone and
timing apparatus
understanding of the operation of the system.
The line circuits individually terminating the
subscriber and trunk lines are of more or less
conventional arrangement.
the line circuit 20’ terminating the subscriber
line 20, comprises a line relay RI125, a cut-off
relay RI20, and a line lock-out relay RI15 con-
nected and arranged to operate in the usual man-
ner. The corresponding relays of the line cir-
cuit 30’ terminating the subscriber line 30 are
indicated at RIS5, RI50, and R 145, respectively.,

The line circuits individually terminating the
respective trunk lines are identical in character
and circuit arrangement. More ‘particularly, the
line circuit 24’ terminating the inter-office trunk
line 21 comprises a line relay Ri 10, a cut-off re-
lay RI05, and a line lock-out relay RI100. The
corresponding relays of the line circuit 31’ ter-
minating the inter-office trunk line 31 are indi-
cated at R140, RI35 and RI30.

Each of the finder switches is of the fully di-
rective all relay type, group and unit relays be-
ing provided for performing the line selecting
functions. The lines terminating at each finder
switch are arranged in groups of ten lines and
the lines of each group terminate at the contact

More particularly,-
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6

or gang relay. More par-
ticularly, the finder switch 200 comprises ten
group or gang relays corresponding to and includ-
ing the two relays R21C and R280 individually
having contact springs for terminating the con-
ductors of ten lines. While the group relays may
be of any desired commercial type having the
required number of contact springs, preferably
these relays are of the improved form disclosed
and claiimed in the copending application Serial
No. 109,813, Herbert F. Obergfell, filed November
9, 1936. The lines of each group are divided
into two equal subgroups respectively comprising
the odd numbered lines and the even numbered
lines, and, through the provision of a subgroup
relay in each finder switch, a group of flve unit
relays is sufficient to permit the selection of any
desired one of a selected group of ten lines. Thus,
the finder switch 208 comprises a subgroup relay
R225, and five unit relays R200, R205, R210, R218
and R220, each of which unit relays is operative
to select either of two lines in a selected group
of ten lines depending upon the operated or non-
operated condition of the subgroup relay R228.
The finder switch 200 also includes a pair of
switching or ‘control relays R230 and R240 which
are arranged to be controlled by way of the
common equipment 6§91 illustrated in Fig. 6, and
are operative to initiate the operation of the
finder switch to seize a calling line.

The common equipment §3{ shown in Fig. 6

includes a plurality of first auxillary relays which

are arranged to be energized over start circuits
controlled by the line circults associated with the

/ respective lines terminating at the exchange (0.

‘These relays are selectively operative in response
to the selective completion of the start circuits
and individually function to condition for opera-

‘tion & particular group relay embodied in the

finder switch of an assigned link. .More particu-
larly, ten first auxiliary relays including the three
relays R600; RE10 and R$20 are provided, which
individually correspond to the gang relays em-
bodled in the finder switch of each link. - A group
of five second auxiliary relays R635, R840, REAS,

‘R¢50 and R§55 are similarly provided which in-

dividually correspond to the unit relays embodied
in the finder switch of each link and are opera-
tive to condition the corresponding unit relays

‘in the finder switch of an assigned link for op-.

eration. The energization of the subgroup re-
jay in the finder switch of an-assigned link is
dependent upon the operated or non-operated
condition of a third auxiliary relay R§38 provided
in the common equipment, this latter relay also
being arranged to. be energived over those of
{he start circuits which are adapied to be com-
pleted in the line circuits terminating the lines
included in predetermined ones of the line sub-
groups. Specifically, the arrangement of the ap-
paratus is such that when a calling condition is
created on one of the lines terminating at the
exchange, start circuits are completed by the line
relay associated with the calling line for causing
the operation of the ohe of the first auxiliary
telays RE0D, R8I0, etc., which corresponds to the
group of lines includihg the calling line and for
energizing the one of the second auxiliary relays
RE38, R3O, etc., which is operative to select the
ahmcts calling line. If the calling line is in
one subgroup of its particular group the third
suxiliary
completed- start circuits, but if the calling line
is in the other subgroup the third auxiliary relay
mlllsenergindmdomtocmdlﬂonthe

~ device operative in response

relay R638 i3 not energized over the.

2,177,069
‘subgroup relay embodied

in the finder switch of
the selected link for operation. In order to give
the finder switch of any assigned link ample time
to seize the calling line to which it is assigned and
to connect the line through to the connector
switch of the link before the common equipment
691 is reconditioned to respond to another call,
a relay R660 is provided, which relay is operative
immediately a link starts to seize 8 calling line
and functions to open the operating circuits for
all of the auxiliary relays in the common equip-
ment 681. . :

The link allotter or distributor 600 is illus-
trated in Pigs. 2 and 6 as comprising a group of
ten allotter relays R260, RSTS, R680, etc., which
individually correspond to the ten links corre-
sponding to and including the link 300, two con-
trol relays R665 -and R610, a busy meter relay
M695 and an overflow meter relay M690. Each
of the allotter relays corresponds to the allotter
relay R260 and is operative to assign an idle
one of the links to the use of the next calling
line immediately after a previously assigned
link seizes a calling’ line and to prevent the
assignment of the corresponding link to the use
of a calling line. The allotter relays are oper-
ated successively to assign the links to the use
of calling lines; and after the tenth allotter
relay of the group operates, the control relays
R665 and. RET0 are operated to recycle the
allotter relays in order to provide for the re-
assignment of idle ones of the links and to
operate the busy meter relay M685 if all of the
links are busy at this yime. If all of the links are
busy, a -call Initiated at one of the telephone
stations is not completed and the overflow meter
relay M698 is caused to operate.

Alarm apparatus 860 associated with a plu-
rality of fault detectors. individual to the links
is provided in the exchange for the purpose of
signaling a supervisory operator ‘in one of the
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distant exchanges in the event a fault appears in

any one of the links. The alarm apparatus 860
comprises a start relay R8806 operative In re-
sponse to an urgent fault in the link, a start relay
R8890 operative in response to & non-urgent fault
in the link, a local alarm or buzzer 86i, and a
plurality of control relays R863, R866, R3T8 and
RS$15. Each of the fault detectors comprises a
device operative in response to the presence of
a fauit in the finder switch of the link, & device
operative In response to the failure of the ring
pick-up relay to operate in order to apply ring-
ing current to a selected line, & device operative
in response to the presence of a hot coil in cer-
tain of the relays associated with the link, and a
to an undercharged
condition of certain of the batteries associated
with the link. The first
above operate to cause the operation of the start
relay R888, while the last two devices mentioned
above operate to cause the operation of the start
relay R$80. The first-mentioned device includes
a fuse link and is operative to cause operation of
the allotter relay corresponding to the finder
switch having a fault therein, thereby to prevent
the allotter 608 from assigning the finder switch
to the use of calling lines, in addition to causing

46

60

56 .

two devices mentioned °

60

65

operation of the start relay R888. Each of the

start relays R880 and R8%8 is operative to initi-

~ ate the operation of the alarm apparatus . $89

to cause the operation of the above enumerated
control relays, thereby to actuate the buezer
861, to actuste an alarm in an alarm center
and to condition the ringing apparatus $¥8 to
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apply a characteristic tone current to the line
1441 for the burpose of informing a supervisory
operator as to the nature of the fault.

The Hnk circuit broper is illustrated in Figs.
3,4, 7 and 8 of the drawings. The link line
conductors C1261 and C1263 are arranged to be
included in the operating circuit of the line
relay R310. The line relay R310 is of the usual
impulse responsive type and in combination with
the two additional relays R305 and R315 forms
an impulse correcting network for repeating
impulses transmitted thereto from a calling tele-
phone station over an impulsing circuit to the
slow-to-release control relay R880 and the im-
bulse counting relays illustrated in Figs. 8 and 1,
respectively. The link hold relay is indicated
at R320. 'The relay R350 is the usual switching
through relay which is energized only when the
link is utilized in extending a connection by way
of one of the inter-office trunk lines to one of the
distant exchanges 185 or 186. The called party
answer relay is indicated at R368, this relay being
arranged fo operate in the usual manner when a
call is answered at a called substation, and func-
tions to control the operation of a slave relay
R330 which performs the battery reversing oper-
ation. For the purpose of preventing the link
from being bermanently tied up through seizure
by a defective line or a line having a calling
condition present thereon for an unreasonable
time interval, there is provided @ link release
relay R300 and timing apparatus diagram-
matically illustrated at 370. This timing appa-
ratus may be of any desired construction which
includes means for applying ground pulses to
the conductor C1213 at spaced intervals, which
normally retains ground on the conductor CIi272,
and which removes ground potential from the
conductor CI1272 at intervals spaced from the
intervals during which ground potential is ap-
plied to C1213. Tf desired, this apparatus may
comprise a commutator driven by a synchronous
motor through a gear reduction box and includ-
ing commutator segments suitably arranged to
control the application of ground potential to
the two leads C1272 and CI213 in the manner
described. X .

The counting relay network illustrated in Figs,
7 and 8 includes ten impulse counting relays
R700 {0 RT90, inclusive, which relays are se-
auentiallv operative in response to the impulses
of each of a plurality of series of impulses trans-
mitted to the connector switch 500 and function
to control the selection of a desired called line
and to control the selection of the code of the
ringine current to be projected over the called
line. Each of the counting relays is erranged
to be locked energized in series with a corre-
sponding one of the three control relays R8I0,
R820 and R830 and to be deenergized in response
to the operation of its succeeding counting relay
in the manner described in detail hereinafter.

The ringing tone and timing equipment dia-
grammatically illustrated at 800 comprises ring-
Ing apparatus 850 and a code interrupter (000.
This apparatus is arranged in. a conventional
manner, the ringing apparatus 850 including a
ringing generator from which ringing current. is
derived, and the code interrupter apparatus 1000

being connected alternately to impress pulsating -

battery potential and ground potential on each
of the five interrupter leads C1334 to C1338, in-
clusive, for coded intervals which are different

-for each of the leads and comprise combinations

of short and long pulsating battery impulses.

The switching relay R410 functions to connect
the link line conductors C1361 and C13683, incom-
ing to the link circuit, by way of voice frequency
coupling apparatus to the link line conductors
C1281 and C1290, outgoing from the link circuit,
to cause operation of a ring pick-up relay R430
and to initiate the operation of the code inter-
rupter apparatus {000. The switching relay
RA10 is controlled by the control relays R810,
R820 and R830, which latter relays are con-
trolied by the counting relays R100, R1( 0, etc.,
in their response to the impulses of a code se-
lecting digit dialed at a calling telephone sta-
tion. The counting relays also select one of the
interrupter leads to apply coded ringing current
to one side of the selected line, and control the
operation of a generator reversing relay R440
which functions to select the side of the selected
line to which the coded ringing current is te be
applied. In order to terminate the ringing oper-
ation when a call is answered at a called tele-
phone station there is provided a ring cut-off
relay R450 which is operative to terminate a

ringing operation by causing the deenergization

of the ring pick-up relay R430.

The reverting call relay R400 cooperates ‘with
certain of the other relays to hold the connector
switch 500 of the link 300 operated during the
period when ringing current is being applied to
a calling line on a reverting call. Also, the re-
verting call relay R400 operates when a prede-
termined prefix digit is dialed at g calling tele-
phone station to control the operation of the
prefix digid relay R340, which latter relay con-
trols the prefix digit slave relay R460. These
latter two relays function to condition the con-
nector switch 500 to select a line in the first,
eighth, ninth or tenth groups of ten lines, as
previously explained. The busy relay R420 is
provided for the purpose of causing busy tone
current derived from the busy and dial tone ap-
paratus 840 to be applied to a calling subscriber
line when a selected called line is found busy.

In order to rearrange the circuit connections so
that the counting relays are rendered effective
to perform different duties during the successive
series of impulses transmitted thereto, two trans-
fer relays R410 and R480 are provided, in addi-
tion to the prefix digit relay R340 and the prefix
digit slave relay R460. More particularly, the
relays R340 and R460 are arranged to operate
at the end of a first series of impulses corre-
sponding to a predetermined prefix digit to con-
nect the counting relays so that predetermined
ones of the group relays in the connector switch
of the link may be selected for energization; the
relay R410 is arranged to operate at the end of
the second series of impulses corresponding to a
tens digit to condition the counting relays to se-
lect one of the unit relays in the connector switch
of the link for energization and to condition the
subgroup relay in the connector switch for en-
ergization; and the relay R480 is operative at the
end of the third series of impulses corresponding
to a units digit to condition the counting relays
to select the particular code of the ringing cur-
rent to be applied to the selected called subscriber
line,

The coinector switch 500 of the link 300, in-
cluding the apparatus for preassigning idle ones
of the interoffice and P. B. X trunk lines to be
selected, is illustrated in Figs. 5 and 11. The
connector switch per se is similar to the finder
switch in that ten group or gang relays each ter-

minating the conductors of ten lines, five unit’
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‘one of the lines returns busy tone over

8

relays, and a subgroup relay are provided for per-
forming the line selecting functions. Specifically,
the connector switch ilustrated comprises fen
gang relays corresponding to and including the
two relays R570 and R580 {llustrated, five unit
relays R520, R530, R540, RS50 and R560, and a
subgroup relay R500. Here again, the lines ter-
minating at the contact springs of each group
relay are divided into two subgroups and each
unit relay is operative to select either of two
lines, individually included in- different sub-
groups, depending upon the operated or non-
operated condition of the subgroup relay R500.
Preferably, each of the group relays R510, R580,
etc., like each of the group relays of the finder
switch 200, is of the form disclosed and claimed
in the copending application, Serial No. 109,813,
Herbert F. Obergfell, filed November 9, 1936.
The apparatus for preassigning idle ones of the

inter-office trunk lines in the second group of

ten lines is common to all of the links and in-
cludes a group of trunk select relays R1100, RII10
and RI120, which individually correspond to

' the first, second and third inter-office trunk lines

terminating at the contact springs of the sec-
ond group relay -R910, and a group of confrol
relays Ri180, R1182 and R{ 184, which individu-
ally correspond to the inter-office trunks num-
bered from one to three in the second group of
ten lines. As pointed out in greater detail here-
inafter, the two groups of relays cooperate in a
manner such that an idle inter-office trunk line
in the second ten line group is preselected and
ready for the use of any one of the links so long
as any of the trunk lines in this group is idle, and

when all of the trunk lines become busy the link.

link attempting to select
the loop

circuit apparatus of a

extending to the calling subscriber.

The arrangement and operation of the appa--

ratus for preassigning idle ones of the inter-
office frunk lines in the third group of ten lines
are substantially the same as that of the ap-
paratus for preassigning idle ones of the inter-
office trunk lines in the secorid group of ten
lines, as described above. This apparatus com-
prises a corresponding group of trunk selecting
relays RI1130 and R1148, and a corresponding
group of control relays R {86 and R1188.

The arrangement and operation of the appa-
ratus for preassigning idle ones of the P. B. X

trunk lines in the tenth group of ten lines are-

similar to that of the apparatus for preassign-
ing idle inter-office trunk lines described above.

This apparatus comprises a group of trunk
selecting relays RI1158, Ri160 and R1160’ and &
group of control relays RI1190 and RI198 cor-
responding to the relays Rf 150 and R1160. Also,
apparatus (not shown) substantially the same
as that described for preassigning idle ones of

" the P..B. X trunk lines-in the tenth group of -

ten lines is provided for preassigning idle ones
of the P. B. X trunk lines in the ninth group of
ten lines. :

Operation of the finder switch to extend a call
initiated at a telephone station connected to an
odd-numbered line to an idle link

A call is initiated at a telephone station con-
nected to an odd numbered line by removing
the receiver of the telephone instrument from
its associated switch hook, thereby completing a

circuit between the telephone station and the -

line relay individual to the odd nimbered line.
For example, a call initiated at the telephone

;cuit of the assigned link 300.
2l is connecf,ed to the iink 300, the line relay

2,177,069

station A is extended to the finder switch 182
in the automatic exchange {85 and from the
latter to the selector switch (83 therein. Upon
dialing the proper digit at the telephone station

" A, the call is extended from the selector switch

{83 through the two-way repeater 187 to the
odd numbered inter-office trunk line 21, where-
upon the line relay Ril8 individual to the line
21 is operated. The operating circuit of the
line relay R1I0 extends from ground at RII0
by way of the upper winding of Ri10, RAID6,
the conductor C1200 of the line 21, the repeater
87, the selector switch 183, the finder switch
182, the telephone instrument at the telephone
station A, the finder switch 182, the selector
switch 183, the repeater 181, the conductor cizel
of the line 21, RAI0T and the lower winding of

‘RI10 to battery. Assuming that the link illus-

trated is the link assigned by the allotter to the
use of the calling line, the line relay Rilo,
upon operating, completes at RAI12 an operat-
ing circuit for the auxiliary group relay R600,
this ecircuit extending from ground at RAII2
by way of RAI02, Cl212, the winding of R600,
RA609, RAG62, RA621, etc,, RAG61T, RAG0T and
the resistor 663 to battery. The line relay R110
also completes at RAII3 an ‘operating circuit
for the auxiliary unit relay R635, this circuit ex-
tending from ground at RAG63I by way of CI218,
RAl13, RAI03, C1214, RA6DS, C1268, the wind-
ing of R635, RA639’,
RA643, RA638 and the resistor 664 to battery.
Upon operating, the relay R600 completes at

‘RA608 an obvious holding circuit for itself and

prepares at RA606 a circuit for operating the
gang relay R270 in the finder switch 260. -Upon
operating, the relay R635 completes at RA639 an
obvious holding circuit for itself, completes at
RA637 a circuit for energizing the control relays
R230 and R240 in parallel, and prepares at RA636

a circuit for energizing the unit relay R200 in’

the finder switch 200. The operating circuit of
the control relays R230 and R240 extends from
ground at RA63T by way of C1241, RA262, CI249’,
and the windings of R230 and R240 in parallel to
battery.

Upon operating, the relay R240 completes ab

RA242 the operating circuit of the gang relay

R210 and completes at RA246 the operating cir-
cuit of the unit relay R200, the operating cir-
cuit of the gang relay R2T0 extending from
ground at RA606 by way of C1235, RA242, Cl22
and the winding of R210 to battery, and the op-
erating circuit of the unit relay R200 extending
from ground at RA636 by way of C1239, RA246,
C1250 and the winding of R200 to battery. The
relay R240 also completes at RA251 a circult
for energizing the relay RE60, this circult ex-
tending from ground at R680 by way of the wind-
ing of R660, C1245, RA25§, CI256, the link con-
ductor C1263 of the link 300, RA355, RA335 and
the upper winding of the line relay R310 to
battery. Upon operating, the relay R660 inter-
rupts at RA662 a point in the operating circuits
of the auxiliary group relays R600, R6I10, etc.,
and interrupts at RA661 a point in the operating
circuits of the auxiliary unit relays R635, RE4S,

etc., thereby busying the allotter 600 so that it is '

non-responsive to other calls. .

The gang relay R270 operates to close its con-
tact springs connected to the lines numbered
from 20 to 29 and the unit relay R200 operates
to connect the calling line 21 to the link cir-
When the line
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R310 is operated, this circuit extending from
ground at RA412 by way of the link conductor
'C1282, RA352, the link conductor C1261, RA226,
C1253, RA202, the contact springs of the gang
relay R210, the conductor Ci200 of the line
21, the repeater 181, the selector switch 183, the
finder switch 182, the telephone instrument at
the telephone station A, the finder switch 182,
the selector switch 183, the repeater {81, the
conductor CI20f of the line 2f, the contact
springs of the gang relay R2J0, RA203, C1255,
RA221, the link conductor C1263, RA355, RA335
and the upper winding of R310 to battery.

Upon operating, the line relay R310 completes
at RA3I1 a circuit for operating the link im-
pulsing relay R305, this circuit extending from
ground at RA323 by way of RA3Il, and the
winding of R305 to battery; interrupts at RA312
8 point in the circuit extending from battery by
way of the upper winding of R310, RA335, the
resistor 310’ and RA312 to the link control con-
ductor C1264; and prepares at RA312 a point in
the circuit for applying ground to the control con-
ductor C1264.

Upon operating, the link impulsing relay R305
completes at RA309 an obvious circuit for operat-
ing the hold relay R320, which is of the slow-

‘to-release type, and an obvious circuit for apply-

ing ground to the contro! conductor C1264, there-
by to mark the link 3080 as busy in the allotter.
When the control conductor C1264 is grounded,
the lock-out relay RI00 and the cut-off relay
RI05, individual to the line 21, are operated, the
circuit for energizing these relays extending from
the grounded control conductor C1264 by way of
RA228, C1257, RA204, the contact springs of the
gang relay R270, the control conductor C1202 of
the line 21, the winding of R105 and the winding
of R100 to battery. Upon operating, the cut-off
relay RI05 interrupts at RAI06 and RAI0T the
operating circuit of the line relay RI10. The line
relay R110 then restores and interrupts at RA112
the holding circuit of the relay R600 and inter-
rupts at RAII3 the holding circuit of the relay
R635, and the latter relays restore. The lock-
out relay R100 operates and interrupts at RA 102
a further point in the holding circuit of the relay
R600 and interrupts at RAI03 a further point in
the holding circuit of the relay R635. The pres-
ence of ground potential on the control con-

" ductor C1202 of the calling line serves to busy this
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line in the other automatic switches having ac-
cess thereto,

. Upon. operating, the hold relay R320 completes
at RA322 a holding circuit for itself, this circuit
extending from ground at RA322 by way of RA316
and the winding of R320 to battery; applies at
RA323 multiple ground to the control conductor
Ci264 in order to retain the cut-off relay RI05
and the lock-out relay R100 individual to the.line

" 2{ -operated during impulsing periods; and com-

pletes at RA321 holding circuits for the operated
gang relay R210 and the operated finder unit
relay R200. The holding circuit of the oper-
ated gang relay R210 extends from ground at
RA304 by way of ‘RA321, CI1251, the contact
springs of R210 and the winding of R270 to bat-

. tery, while the holding circuit of the operated

70:
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unit relay R200 extends from ground at RA304
by way of RA321, CI1251, RA201 and the winding
of R200 to battery.

The hold relay R320 also completes at RA325 a
circuit for operating the start relay of the dial

and busy tone apparatus 840; this circuit ex-
tending from ground at RA325 by way of ¢ 1302,

9

RA419’, the start lead CI314 and the winding
of the start relay, not shown, in the dial and busy
tone apparatus 840 to battery. The dial and
busy tone apparatus 840 then operates to apply
dial tone to the link 300, this circuit extending
from pulsating battery in the dial and busy tone
apparatus 840 by way of the dial tone conductor
C1346, RAATA, RAY62, RA424, RAA4I4, the link
conductor C1291, the condenser C1291’ and RA355
to the link conductor C1263, through the tele-
phone instrument at the telephone station A con-
nected to the link conductors C1263 and Ci26¢
by way of the finder switch 200, the line 21, the
repeater 187, the selector switch 183 and the
finder switch 182, and from the link conductor
CI261 by way of RA352, the link conductor C1282
and RA412 to ground. The party initiating the
call at the telephone station A then receives dial
tone indicating that a link has been seized and
that he may operate the dialing mechanism asso-
ciated with the telephone instrument to extend
the call from the link to the called line.

In a similar manner, when calls are initisted
at telephone stations connected to the odd-num-
bered lines 23, 25, 27 and 29, respectively, the
relay R600 and one of the relays R640, R645,
RE50 and R655, respectively, are operated in the
auxiliary or common equipment. The relay R600
operates the gang relay R210, and the relays R640,
R645, R650 and R655 operate the unit relays R205,
R210, R215 and R220, respectively, in the finder
switch 200 to connect the lines 23, 25, 27 and 29,
respectively, to the link 300.

Similarly, when calls are initiated at tele-

phone stations connected to the odd-numbered-
“lines 3f, 33, 35, 3T and 389, respectively, the relay

R610 and one of the relays R635, R640, R645, R650
and R655, respectively, are operated in the aux-
iliary or common equipment. The relay R610

‘operates the gang relay R280 and the relays RE35,

R640, R645, R650 and R655 operate the umit

-relays R200, R205," R210, R215 and R220, re-

spectively, in the finder switch 200, to connect
the lines 31, 33, 35, 31 and 38, respectively, to
the link 300.
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Operation of the finder switch to extend a call

initiated at a telephone station connected to an
even-numbered line to an idle link

A call is initiated at a telephone station con-
nected to an even-numbered line by removing the
receiver of the telephone instrument from its
associated switch hook, thereby completing a
circuit between the telephone station and the line
relay individual to the even-numbered line. For
example, when a call is initiated at the telephone
station iB connected to the line 20, the line
relay R125, individual to the line 20, is operated,
the operating circuit of the line relay R125 ex-
tending from ground at RI25 by way of the
upper winding of RI25, RAI2(, the conductor
C1203 of the line 20, the telephone instrument at
the telephone 'station B, the conductor C1204
of the line 20, RAI22 and the lower winding of
Ri25 to battery. Upon operating, the line relay
RI25 completes at RAI21 an operating circuit
for the relay R600 in the common equipment, this

circuit extending from ground at RA127 by way

of RAIIT, CI212, the winding of R600, RA609,
RAB62, RA627, etc., RA6IT, RAGOT and the resis-
tor 663 to battery. The line relay RI25 also pre-
pares at RAI28 a circuit for serially energizing
the relays R630 and R655 in the common equip-
ment. :

Upon operating, the relay R600 completes at
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RA608 an obvious holding circuit for itself, and
completes at RA60I the series operating circuit of
the relays R630 and R655, this circuit extending
from ground at R630 by way of the upper winding
of R630, CI217, RAI28, RAIIS, CI216, RAG60I,
C1265, the winding of R655, RA659’, RAG6I,
RA658, RAE53, RAG4S, RAG43, RAG38 and the
fesistor 664 to battery. Also, the relay R600 pre-
pares at RAG06 the circuit for energlzing the
gang relay R270. :

~ Although the relays R630 and R655 are ener-
gized in series, the relay R655 does not operate
at this time due to the relatively high resistance
of the upper winding of the relay R630 connected
in series therewith. However, the relay R630
operates and prepares at RAB31 a circuit for en-
ergizing the group unit.or subgroup relay R22%

in the finder switch 200, and connects its rela-
" tively low resistance lower winding in parallel -

with its upper winding to cause the relay R655
to be operated in series with the relay R630.

. Upon operating, the relay R655 completes at
RAE59 an obvious holding circuit for itself, com~
pletes at RA657 a circuit for energizing the con-
trol relays R230 and R240 in parallel and pre-

pares at RA656 a circuit for energizing the unit

+ relay R220 in the finder switch 200. The operat-
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relays;

ing circuit of the relays R230 and R240 extends
from ground at RA651 by way of Ci241, RA262,

C1249’ and the winding of R230 and R240 in

parallel to battery.
Upon operating, the relay R240 completes at

RA242 the operating circuit of the gang relay -

R210; completes at RA250 the operating circuit

“of the group unit relay R225, and completes at

RA249 the operating circuit of the unit relay
R220; the operating circuit of the gang relay
R270 extending from ground at RA608 by way of
C1235, RA242, C1221 and the winding of R210 to
battery; the operating circuit of the group unit
relay R225 extending from ground at RA63I by
way of CI1244, RA250, C125% and the winding of
R225 to battery; and the operating circuit of the

" unit relay R220 extending from ground at RAGSE

by way of C1343, RA249, C1264 and the winding
of R220 to battery. The relay R240 also com-
pletes at RA251 a circuit for energizing R660, this
circuit extending from ground at R660, by way of
the winding of R660, Ci245, RA25!, C1256, the
link conductor Ci263 of the link 300, RA35S,

‘RA335, and the upper winding of the line relay

R310 to battery. Upon operating, the relay R660
interrupts at RA662 a point in the operating cir-

cuits of R600, R610, etc., and interrupts at RAG6!

a point in the series operating circuit of R630 and
one of the relays R635, R6AD, etc., thereby to
busy the allotter 600 to other calls.

The gang relay R270 operates to close its con-
tact springs to connect the lines between 20 and
29 through to the armature springs. of the unit
the group- unit relay R225 operates to
disconnect its armatures RA226, RA2217, RA228,
RA229, from the conductor C1253, C1255, C1261,
C1259, respectively, and to connect these arma-
tures to the conductors CI1254, CI1256, C1258 and

C1260, respectively; and the unit relay R220

operates to connect the line 20 to the link circuit
of the link 360. When the line 20 is connected
through. to the link circuit, the line relay R310
is operated, this circuit extending from ground

‘at RA412 by way of the link conductor C1282,

RA352, the link conductor Ci26i, RA226, Ci254,
RA222’, the contact springs of the gang relay
R210, the conductor C1203 of the line 20, the

telephone instrument at the telephone station -

iB, the conductor CIZM of the line 20, the con-

-The party initiating the call

2,177,069

tact springs of the gang relay R210, RA22%3’,
C1256, RA221, the link conductor C1263, RA3SS,
RA335 and the upper winding of R310 to battery.

Upon operating, the line relay R310 completes
at RA311 the above-traced circuit for operating
the link impuilsing relay R30S, interrupts at
RAS312 a point in the priming circuit for R310,
and prepares at RA312 a point in the path for
applying ground to the control conductor C1264.

Upon operating, the link impulsing relay R30%
completes at RA309 an obvious circuit for ener-
gizing the hold relay R320 and for applying
ground to the control conductor C1264, thereby to
mark the link 300 as busy in the allotter and to
mark the calling line as busy. When the control
conductor C1264 is grounded, the lock-out relay

‘R{15 and the cut-off relay R120, individual to the

line 20, are operated, the circuit for- energizing
these relays extending from the grounded con-
trol conductor C1264. by way of RA228, CI258,
RA224’, the contact springs of the gang relay
R210, the control conductor 4205 of the line 20,
the winding of R120 and the winding of RI15 to
battery. Upon operating, the cut-off relay R120
interrupts at RAI2{ and RA122 the operating cir-
cuit of the line relay RI125. The line relay RI25
then restores and interrupts at RAI27 the holding

circuit of the relay R800 and interrupts at RAI28

the series holding circuit of the relays R630 and
R658, causing the latter relays to restore. The
lock-out relay RIS operates and interrupts at
RAI{{1 a further point in the holding ‘circuit of
the relay R600 and interrupts at RAI1(8 & further
point in the series holding circuit of the relays
R630 and RESE.
Upon operating, the hold relay R320 completes
at RA32? & holding circuit for itself, completes
at RA323 a path for applying multiple ground to
the control conductor C1264 in order to retain the
cut-off relay R120 and the lock-out relay RIS,
individual to the line 20, operated during impuls-
ing periods, and completes at RA32{ holding cir-

cuits for the operated gang relay R210, the oper-
ated group unit relay R225 and the operated unit

relay R220 in the finder switch 208. The hold-
ing circult' of the operated gang relay R27T0 ex-
tends from ground at RA304 by way of RA32{,
C1251, the ‘contact springs of R210 and the wind-
ing of R210 to battery. The holding circuit of
the operated group unit relay R225 extends from
the grounded conductor CI1251 by way of RA229’
and the winding of R228 to battery, while the
bolding circuit of the operated unit relay R220
extends from the grounded conductor Ci25! by
way of RA221 and the winding of R220 to battery.
The hold relay R320 also completes at RA328
a circuit for energizing the start relay, not shown,
of the dial and busy tone apparatus 840, thereby
to initiate the operation of this apparatus to
return dial tone to the telephone instrument at
the telephone station IB as previously explained.
at the telephone
station IB upon receiving dial tone is informed
that a link has been seized _and_that he may oper-
ate the dialing mechanism associated with the
telephone instrument to extend the eall from the
link to the called line. :
In a similar manner, when calls are initiated
at teleqhone stations connected to the even-num-
bered lines 22, 24, 26 and 28, respectively,
relay R600, the relay R630 and one of the relays
R635, R640, R645 and RE50, respectively, are op-
erated in the common equipment. The relay
R600. causes the operation of the gang relay

'R210; the relay R630 causes the operation of

the.
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the group unit relay R225; and the relays RE35,
R640, R645 and R650 cause the operation of the
unit relays R200, R205, R210, R2{5, respectively,
in the finder switch 200 in order to connect the
lzl;x:s 22, 24, 26 and 28, respectively, to the link

Similarly, when calls are initiated at telephone
stations connected to the even-numbered lines

32, 34, 36, 38 and 30, respectively, the relay R610, -

the relay R830 and one of the relays R635, R640,
R645, R650 and R655, respectively, are operated
in the allotter 600. The relay R610 causes the
operation of the gang relay R280; the relay R630
causes the operation of the group unit relay R225;
and the relays R635, R640, R645, R650 and R655
cause the operation of the unit relays R200,
R205, R210, R215 and R228, respectively, in the
finder switch 200 in order to connect the lines
;2,0 34, 36, 38 and 30 respectively, to the link
00. : .

-Operation of the allotter and timing apparatus

After the finder switch 200 operates to extend
a call from one of the telephone stations A, iB,
etc., to the link 300, thereby rendering this link
busy, the allotter 600 operates to prepare the next
idle link to be taken for use when the ‘next call
is initiated at one of the telephone stations A,
IB, etc. When the link 300 is seized, ground is
placed upon the control conductor CI1264 in or-

der to render the link busy as previously ex-

plained. Upon operation of the cut-off and the
lock-out relays individual to the line connected
by the finder switch 200 to the link 300, the hold-
ing circuit of the operated one of the relays R600,
R610, etc., and the holding circuit of the oper-
ated one of the relays R635, R640, etc., are inter-
rupted in order to release the common equipment
in the manner described above. When the oper-
ated one of the relays R635, R640, etc., restores
it interrupts at RA631, RA642, etc., respectively,
the operating circuit for the control relays R230
and R240 in parallel. Upon restoring, the relay
R240 completes at RA252 the operating circuit
of the allotter relay R260, individual to the finder
switch 200, this circuit extending from the
grounded control conductor C 1264 by way of
CI1251, RA252, and the intermediate winding of
R260 to battery. Upon operating, the relay R260
completes at RA263 a holding circuit for inself
extending from ground at RA668 by way of

battery, and transfers its armature RA262 con-
nected to the conductor C1241 extending to the

common equipment from the conductor Cli249’ -

extending to the control relays R230 and R240,
individual to the finder switch 200, to the con-
ductor Ci249 extending to corresponding con-
trol relays, individual to the finder switch em-
bodied in the idle second link. -The relay R260
also grounds at RA264 the start lead CI271’ of
the timing apparatus 310 in order to set the tim-
ing apparatus 370 info operation, prepares at

. RA26{ the circuit for operating the timing relay
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R300, and prepares at RA265 a chain circuit for -

operating the busy meter relay M695. The relay
R260 is also provided with a lower winding, one
terminal of which is connected to the conductor
Ci21} extending by way of the upper winding

of the relay R880 to ground in the alarm appa-.

ratus 860 and the other terminal of which is con-
nected to a fuse device ¥260’, individual to the

 finder switch 200 and the link 300 and extend-

'

ing to battery. In the event a fault appears in-

the link 300 capable of operating or blowing the

_grounded conductor

11

fuse device F260’, the relay R260 is operated,
thereby rendering the finder switch 200 and the
linik 300 busy, the circuit for energizing R260 ex-
tending from battery by way of the fuse device
260’, the lower winding of the relay R260, Ci211,
the upper winding of the relay R880 to ground in
the alarm apparatus 860. Also, each of the al-
lotter relays R615, R680, etc., associated with the
other links and corresponding to the relay R260
for the link 300 is provided with a lower winding
connected between the conductor Ci211 and a
fuse device, individual to the link and extending
to battery, in order to render the corresponding
link busy in case a fault occurs therein.

The next call initiated at one of the telephone
stations A, 1B, etc., is extended to the idle second

10

15

link which has been previously prepared by the -

allotter 600. When the second link is rendered
busy, the relay R675, individual thereto, is oper-
ated. Upon operating, the relay R615 completes
a holding circuit for itself extending by way

‘of the conductor in the second link corresponding

to the conductor C1264 in the link 300 to ground,
and transfers its armature RA676 connected to

‘the conductor Ci249 to the corresponding con-

ductor extending to the third link, thereby pre-
paring the idle third link to be seized by the next
call initiated at one of the stations A, iB, ete.
Calls initiated .at the telephone stations A, IB,
etc., are extended to the idle links I, 2, etc.,
successively, until a call is extended to the tenth
link, at which time the relay R685, individual
thereto, operates and completes at RA686 the
chain circuit for operating the overflow meter re-
lay M690 in the event that a call is initiated at
one of the telephone stations A, IB, etc., while
all of the links are busy, this circuit extending
from ground at RAG63T, RA642, etc., by way of
Ci241, RA262, C1249, RAGT6, RA68I, etc., RAGSE
and the winding of M690 to battery. The over-
flow meter is actuated to register the fact that
a call initiated at one of the telephone stations
A, IB, etc., has not been extended to a link due
to the fact that all of the links were busy at that
time. The relay R685, individual to the tenth
link, also completes at RA687 the chain ground
circuit for operating the busy meter relay M695
and for recycling the allotter 609 to set up idle
links successively. This circuit extends from
ground at RA265 by way of CI248, RAGTT,
RA682, etc., RA68T, C1248, RA666, and the
winding of the slow-to-operate relay R870 to
battery. The relay R610 operates and interrupts
at RA6TI the above-traced circuit for energiz-
ing the busy meter relay M695, and completes
at RA612 a circuit for energizing the relay R665
over the above-traced chain circuit. The relay
RE55 completes at RAGB6T a holding = circuit
for itself, this circuit extending over the
above-traced chain circuit, interrupts at RAG66
the operating circuit of the relay R670, prepares
at RA666 a point in the operating circuit of the
busy meter relay M695, and interrupts at RAG68
the hoding circuits including the upper wind-
ings of the allotter relays R260, R675, R680, etc.,
R685, individual to the links I, 2. 3, etc., {0, re-
spectively.

If the first link is busy, the relay R260, individ~
ual thereto, does not restore but remains ener-
gized over a circuit extend'ng by way of the
C1264, Ci257, RA252, and
the intermediate winding of R260 to battery.
In a similar manner, if the second, third, etc.,
and tenth links are busy, the relays R675, R680,
etc., and R685, respectively, remain operated.
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Accordingly, if all of the links are busy, the chain.

circuit extending from ground at RA265 by way
of C1248, RAGTT, RA682, etc., and RAS87T is com-
pleted to the conductor C1248’. This circuit is
extended from the conductor C1248° by way of
RAG667 and the winding of the relay R665 to bat-
tery, thereby retaining the relay R665 operated.

The relay. R610 restores and completes at
RA6TI the operating circuit of the busy meter
relay M695 extending from battery at M695 by
way of the winding of M695, RAS6TI,

at RA265. The busy meter is actuated to register
the fact that all of the links were busy at that
time.

When the holding circuits including the upper
windings of the reiays R260, R515, R680, etc., and
R685, individual to the links I, 2, 3, etc., 10, re-
spectively, are interrupted at the armature
RA668 of the relay R665, the relays of this group,
which are individual to idle links, restore. For
example, if the first link is idle at this time, bat-
tery at the line relay R310 appears upon the con-

trol conductor C1264, and each terminal of the

intermediate -winding of R260 is connected to
battery. -Thus, the relay R260 restores and in-
terrupts at RA265 the chain circuit extending to
the conductor C1248’, thereby interrupting the
holding circuit of the relay R665 to cause the
latter relay to restore. Upon restoring, the relay
R665 interrupts at RA666 the operating circuit
of the busy meter relay M695. Also, when the
reiay R260 restores, it transfers its armature
RA262 from the conductor C1248 to the conductor
C1249’, thereby interrupting the above-traced
chain eircuit extending through the winding of
the overflow meter relay M690 to battery, and
preparing the operating circuit of the control
relays R230 and R240, individual to' the. first
link 300. Thus, the next call initiated at one of
the telephone stations A, IB, etc., is extended
-0 the first link 300 by the common equipment.

In a similar manner, when the relays R&75,
R680, etc., and R685, individual to links 2, 3, etc.,
and 10, respectively, restore, they individually
interrupt the chain circuit, extending from
ground at RA265 to the conductor C1248’ and in-
dividually interrupt the chain circuit extending
from the conductor Clzﬂ to the overﬂow meter
relay M690. .

When the holding clrcults including the upper
windings of the relays R260, RS'IS R680 etc.,
and R685, individual to links |, , etc.,, and
190, respectively, are interrupted, the relay R260
will not restore if the first link is busy, while the
relay R615 will restore if the second link is idle.
As previously ‘explained, when the relay R6T5
restores, it interrupts at RA61T the chain -circuit
extendmg from ground at RA266 to the con-
ductor C1248’, and transfers its armature RA676
from the conductor‘ in the chain circuit extend-
ing to the overflow meter relay M680 to the
conductor extending to the control relays individ-

ual to the second link and corresponding to the

confrol relays R230 and R240 of the first link
300. Thus, under these conditions, the next
call initiated at one of the telephone stations
A, IB; etc., will be extended to the second link.
From the foregomg, it is apparent that the al-

‘lotter relays operate to prepare an idle one of the

- links between { and 10 for the next call initiated
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immediately an idle previously selected link is )

taken for use.
As . previously explained, when the link 309

is seized, the allotter relay R260 is operated and

RAGB6’
and C1248’, through the chain circuit to ground’

2,177,089

‘completes at RA264 a start circuit for initiating
- the operation of the timing apparatus 370. The

timing apparatus 370 is then set into operation
to apply ground to the pulse lead C1273 and the
conductor CI1272. When 4 ground pulse is ap-
plied to CI1213, the link release relay R300 is
energized over a circuit extending from the
grounded conductor Ci213 by way of RA302,
CI270, RA261, CI269, RA331, RA353 and the
winding of R300 to battery. Upon operating, the
link release relay R300 completes at RA30( a
holding circuit for itself, this circuit extending
from ground at RA301 by way of RA302, CI270,
RA261, CI269, RA33l, RA353 and the winding
of R300 to battery. At RA303, the relay R300
substitutes ground as applied to the grounded
conductor C1272 by the timing apparatus for
the ground at RA304, upon the conductor C1251.
The conductor Ci251 at this time is grounded
in the timing apparatus 370, the ground exten-

sion path extending from the timing apparatus’

370 by way of the conductor CI1272, RA303,
RA304, RA321, to the conductor Ci25f. Ground
on CI251 serves to retain the operated one of
the gang relays R270, R280, etc., and the oper-
ated one of the unit relays R200, R205, etc., in
the finder switch 200 in operated positions under
the control of the timing apparatus 370. A pre-
determined time interval after ground is placed

.upon the conductor CI12712, ground is removed
therefrom in the timing apparatus 370, thereby

interrupting the holding circuits of the operated
one of the gang relays R270, R280, etc., and
the operated one of the unit relays R200, R20S,
etc.,, in the finder switch 200, unless the call
has been extended prior to this time from the
link 300 to an inter-office trunk line or completed
to a called line, as will be explained subsequently.
The operated gang and unit relays then restore
to release the finder switch 200. When the
finder switch 200 restores, the series operating
circuit of the cut-off relay and the lock-out relay,
individual to the line initiating the call, is in-
terrupted. The cut-off relay immediately re-
stores, causing the line relay, individual to the
line initiating the call, to operate and complete
a holding circuit for the lock-out relay, thereby
to prevent the line initiating the call from being
assigned another link by the common equipment.
The Hne and lock-out relays individual to the
calling line cooperate to retain ground on the
control conductor of the line, thereby to busy the
line to incoming calls. Before the calling line
may be assigned another link, it is necessary
that the receiver of the telephone instrument at
the telephone station connected to this line be
replaced upon its associated switch hook in order
to release the line relay, thereby to release the
lock-out relay. . Also, when the finder switch 200
is released, the calling subscriber’s loop circuit as
traced above is interrupted causing the line relay
R310 to restore. When R310 restores, the im-

pulsing relay R305 and the hold relay R320 are.

caused to restore, thereby releasing the link 300.

Further to illustrate thé operation of the link
release apparatus, assume that a call initiated
at the telephone station 1B has been extended
by way of the line 28 to the link 300 and that
the dialing mechanism associated with the tele-
phone instrument at the calling station IB is

‘not thereafter actuated to extend the call from

the link to an inter-office trunk line or to a called
line. After a predetermined time interval the
relay R225 provided in the finder switch 200 re-
stores, as previously explained, and interrupts
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at RA224’, RA228, and the contact springs of

-, R210 points in. the ground circuit extending be-

10

tween the control conductor C1205 of the line 20
and the grounded control conductor C1264. The
cut-off relay RI20 immediately restores and

completeés at RAI21 and RA122 the operating cir- -

cuit of the line relay RI25. The lock-out relay
R115, being of the slow-to-release type, does not
immediately restore. Upon operating, the line
relay RI25 completes at RAI2T a holding cir-

cuit for the lock-out relay RIi15, this circuit ex- -

- tending from ground at RA12T by way of RAIIT

15

20

and the winding of R1{5 to battery. The line
relay RI25 also places ground at RAI26 upon

‘the control conductor C1205 of the line 20, there-

by marking the line 20 as busy in the connector
switches to which it extends. The lock-out relay
RI15 remains operated to interrupt at RAIIT
and RAII8 the start circuits extending to the
relays R600, R655 and R630, respectively, in the
common equipment, thereby to prevent the line
20 from being assigned another idle link. 'The
lock-out relay RI15 remains operated until the

" receiver of the telephone instrument is replaced

30

40

45

upon its associated switch hook at the telephone
station IB to interrupt the operating circuit of
the line relay RI125. The line relay RI25 then
restores and interrupts at RAI2T the holding
circuit of the lock-out relay RI15 and removes
ground at RAI26 from the control conductor
C1205 of the line 20. The lock-out relay RI{5
then restores. The line 20 may then seize an
idle. link when the receiver of the telephone in-

strument is removed from its associated switch
5 Nook at the telephone station IB, as previously

explained. :

Thus, a party initiating a call has a predeter-
mined time interval after a link has been seized
within which to complete the call from the link to
a called telephone station or to an inter-office

_trunk line. 'If the call is extended from the link

to a called felephone station or to an inter-office
trunk line within this time interval and before
ground in the timing apparatus 370 is removed
from the conductor C1272, the link is not released
as the operating circuit of the link release relay
R300 is interrupted at the armature RA331 of
the called party slave relay R330 when the called
party answers the call, and interrupted at the
armature RA383 of the switching through relay
R350 when the call is extended to an inter-office
trunk line. When the operating circuit of the
link reledse relay R300 is interrupted, R300 re-

- stores and substitutes ground at RA304 for the

55

ground applied to C1272, upon the conductor
C1251, thereby rendering the removal of ground
from the conductor C1212 in the timing ap-

" paratus 370 ineffectial to release the link 300,
- and rendering thé release of the finder switch

60

200 and the link 300 under the control of the
hold relay R320. o

Operation of the counting relay
- network during impulsing

When the connection from a .calling telephone
station has been extended to a link circuit, the
line relay embodied in the link is conditioned to
respond to impulses transmitted from the dialing
mechanism associated with the telephone instru-
ment at the calling telephone station. For ex-
ample, in the first link 300 the line relay R310
is operated after the link has been seized, this
circuit extending from ground at RA412 by way

- of the link line conductor Ci1282, RA352, the link

75

line conductor CI126{, through the finder switch
200 and the telephone instrument at the calling

13

telephone station, back through thé finder

switch 200, the link line conductor C1263, RA3SS,

RA335 and the upper winding of R310 to battery.
When the dialing mechanism associated with the
telephone instrument at the calling telephone

station is actuated, the above-traced operating °

circuit of the line relay R310 is alternately in-
terrupted and completed at the dialing mechan-
ism a predetermined number of times, depending
upon the digit dialed.

At the beginning of the first impulse dialed
at the dialing mechanism associated with the
telephone instrument, the operating circuit of
the line relay R318 is interrupted causing R310
to restore, to interrupt at RA3{2 the holding

circuit of the hold relay R320. When R310 re- -

stores, it also completes a priming circuit for
itself, - this circuit extending from ground at
RA323, by way of CI300, RA3I2, the resistor
R310’, RA335 and the upper winding of R310
to battery.
through the completion of the above-traced prim-
ing circuit does not cause the reoperation of

" R310, but renders this relay more sentitive to

succeeding impulses transmitted thereto. When
R310 restores it -also interrupts at RA311 the op-
erating circuit of the link impulsing relay R305.
When R385 restores, the relay R315 is energized
over a circuit extending from ground at RA322
by way of RA30T and the upper winding of R315
to battery. The relay R315 is slow to operate
as it is provided with a lower winding which is
short-circuited at RA311. When the relay R315
operates, it interrupts at RA3i6 the additional

holding circuit of the hold relay R320, and in- |
terrupts at RA817 the short circuit through its:
‘lower winding, rendering itself fast to restore.
-When the relay R315 operates, it also prepares

at' RA318 a circuit for again energizing the link
impulsing relay R305. Also, when the link im-

pulsing relay R305 restores, a ground pulse ex-:

tending from ground at RA322 is applied at
RA306 to the impulsing lead C1282. The hold
relay R320 is of the slow-to-release type and,

hence, does not restore during the impulsing
period. Upon restoring, R305 also interrupts at.

RA309 a point in the original operating circuit
of the hold relay R320, and interrupts at RA308
a further point in its own holding circuit.
At the end of the first pulse from the dialing
mechanism, the above-traced operating circuit
for the line relay R310 is again completed. The
relay R310 then operates and completes at RA3I |
a circuit extending from ground at RA318 for
reoperating the line impulsing relay R3065. The
line relay R3(0 also interrupts at RA312 its
priming circuit as traced above, and completes
at RA312 the above-traced holding circuit for
the hold relay R320. When the link impulsing
relay R30% operates, it completes at RA308 its
own holding circuit, interrupts at RA307 the
operating circuit of the relay R3i5, and removes
ground at RA396 from the impulsing lead C1292.
The cycle of operation of the relays R31 0, R305
and R315 above described is repeated in response
to each additional impulse from the dialing mech-

‘anism associated with the telephone instrument

at the calling telephone station.

- The first ground pulse applied to the impulsing
lead C1292 results in the completion of an oper-
ating circuit for the relay R800, this circuit ex-
tending from the grounded impillsing lead C1292
by way of RA415, C1344 and the winding of R800
to battery. The relay R800 is of the slow-to-
release type and remains in-operated condition
during impulsing, o o )

The energization furnished R310-
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The first ground pulse transmitted over the
impulse lead C1292 also results in the comple-
tion of an operating circuit for the first counting
relay R700, in the counting relay network, this
circuit extending from the grounded impulsing
lead CI1292 by way of RA4I5, CI344, RASBII,
RC812, RAS21, RC822, RA83I, RC832, CI1328 and
the winding of R100 to battery. The counting re-
lay RT100 operates and completes at RAT 03 a cir-
cuit for holding R1008 operated and for short-
circuiting the relay R830, this circuit extending

_ from battery at R100 by way of the winding of

15

R100, RAT03, C1218, the winding of R830, RC826,
RAS824, RC805, RA804, C1343, C1300, and RA323
to ground. As this series circuit including the
windings of the counting relay R100 and the re-
lay R830 and extending to ground by way of

- C1300 is in multiple with the impulsing circuit
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including the winding of the counting relay R700
and extending to ground by way of the impulsing
lead C1292, the relay R830 is short-circuited and
is not operated at this time. When R305 reoper-
ates at the end of the first pulse transmitted over
the impulsing lead CI1282, ground is removed
from the impulsing lead C1292, thereby interrupt-
ing the short circuit around R830, permitting the
relay R830 to be energized in series with the
counting relay RT00. - . L

When the counting relay R109 operates it pre-
pares .at RAT02 a point in the circuit for operat-
ing the counting relay R1i0. When the relay

"R830 operates, it interrupts at RA831 and the

associated contact RC832 the original operating
circuit extending from the impulsing lead C1292
by way of C1328 to the counting relay R100 and
prepares at RAB3( and the associated contact
RC833 the operating circuit extending from the
impulsing lead C1292 by way of C#325 to the
counting relay R110. The relay R830 also inter-
rupts at RA834 and the associated contact RC836
a point in the circuit for holding the relay RrR810
and any associated one of the counting relays en-
ergized in series. )

The second ground pulse transmitted over the
impulsing lead C1292 results in the completion of
an operating circuit for the counting relay R118,
this circuit extending from the grounded im-
pulsing lead C1292 by way of RA415, Cl1344,
RAS8II, RC812, RAB21, RC822, RAB3L, RC833,

C1325, RAT02 and the winding of RTID to bat--
tery. The counting relay RT10 now operates and’

completes at RATI3 a circuit for holding RTI0
operated and for short-circuiting the relay R820,
this circuit extending from battery at RTI0 by
way of the winding of R110, RATIS, C1326, the
windings of R820, RC816, RA814, RC805, RAS804,
C1343, C1300 and RA323 to ground. As this series
circuit including the windings of the counting
relay R110 and the relay R820 and extending to
ground by way of CI300 is in multiple with, the

impulsing circuit including the winding of ‘the

counting relay RT10 and extending to ground by
way of the impulsing lead C1292, the relay R820

is short-circuited and does not operate at this -
-time.

the end of the second pulse trans-
mitted over the impulsing lead C1292 ground is
removed from the impulsing lead C1292, thereby

interrupting the short circuit around R820, and.
_the relay R820 is energized in series with the

counting relay R1(0. When the counting relay
R110 operates it prepares at RATI2 & point in the
operating circuit for the third counting relay

R120. When the relay R820 operates it inter- .
rupts at RA82I and the associated contact RC822

the original operating circuit extending from the
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impulsing lead CI1292 by way of CI325 to the

" counting relay RTi0 and prepares at RAS821 and

RC823 another point in the operating circuit for
the counting relay R120. The relay R820 also
interrupts at RA824 and RC826 a point in the cir-

cuit for holding the relays R830 and R700 ener-

gized in series, causing these two relays to re-
store.

The third ground pulse transmitted over the
impulsing lead C1292 results in the completion of
an operating circuit for the third counting relay
R120, this circuit extending from the grounded
impulsing lead C1292 by way of RA4IS, Cl344,
RAS811, RC812, RA821, RC823, C1324, RATI2 and

the winding of R120 to battery. The counting re~

lay RT120 operates and completes - at RAT23 a
cireuit for holding R120 operated and for short-
circuiting the relay R810, this circuit extending

10

from battery at R120 by way of the winding of

R120, RAT23, C1321, the winding of R810, RC836,
RAB834, RC805, RA8S04, C1343, C1300 and RA323 to
ground. As this series circuit including the
windings of the counting relay R120 and the relay
R810 and extending to ground by way of C1300 is
in multiple with the impulsing circuit including
the winding of the counting relay R120 and ex-
tending to ground by way of the impulsing lead
C1292, the relay R8I0 is short-eircuited and is
not operated at this time. At the end of the
third pulse transmitied over the impulsing lead
C1292 ground is removed from the impulsing lead

~C1292, thereby interrupting the -short circuit

around R810, and the relay R810 is energized in

25
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series with the counting relay R120. When the

counting relay R120 operates, it "prepares ab-

RAT22 a point in the circuit for energizing the
counting relay R130. When the relay R810 op-
erates it interrupts at RA81{ and the associated
contact RC812 the original operating circuit for
the counting relay R120 and. prepares at RA8II
and RC813 the operating circuit for the fourth

40

counting relay R130. The relay R8I0 also inter- .

rupts at RA84 and the associated contact RC8 16
a point in the circuit for holding the relay R820
and the counting relay RTI0 energized in series,
causing these two relays to restore. -

When the fourth ground pulse is transmitted
over the impulsing lead C1292 the operating cir-
cuit for the counting relay R730 is completed,
this circuit extending from the grounded impuls-

'ing lead C1292 by way of RA415, C1344, RABII,

RC813, CI1323, RAT22 and the winding of the
counting relay RT30 to battery. The counting
relay R130 now operates and completes at RAT33
a circuit for holding R730 operated and for short-
circuiting the relay R830, this circuit extending
from battery at R130 by way of the winding of
R130, RAT33, C1218, the winding of R830, RC826,
RA824, RC805, RABOA, C{343, C1300 and RA323
to ground. At the end of the fourth pulse trans-
mitted over the impulsing lead C{282 the short

circuit around the relay R830 is removed, and the
" relay R830 is energized in series with the count-

ing relay R130. When the ‘counting relay R130

" operates it prepares at RAT32 a point in the cir-

cuit for operating the’ counting relay RI40.
When the relay R830 operates it prepares at
RA831 and RC833 a further point in the operat-
ing circuit for the fifth counting relay R140. The
relay R830 also interrupts at RA834 and RC836 a

"point in the circuit for holding the relay R810 and

the counting relay R120 operated in series, caus-
ing the two last-named relays to restore. ‘When

. R8I0 restores it prepares at RA8II and RC812
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further points in the operating circuit for the
counting relay R740.

In a similar manner the counting relays RT140
to R180, inclusive, are operated successively in
response to successive ground pulses transmitted
over the impulsing lead CI292. As each count-
ing relay is operated it prepares a point in the
circuit for operating the succeeding counting
relay from the impulsing lead C1292 and com-
pletes the circuit for holding itself and one of
the relays R810, R820 and R830 operated in
series. As each of the relays R810, R820 and
R830 operates, it prepares the circuit for oper-
ating the succeeding counting relay from the im-
pulsing lead C(292 and interrupts the circuit for
holding the preceding counting relay and one of
the relays R810, R820 and R830 operated in
series.

From the foregoing it will be apparent that
at the end of the first, fourth, seventh and tenth

. ground pulses transmitted over the impulsing
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 forth above.

lead Ci292, the relay R830 is held operated in
series with the counting relays R700, R130, RT69
and RT90, respectively. At the end of the sec-
ond, fifth and eighth ground pulses transmitted
over the impulsing lead C1292, the relay R820 is

-held operated in series with the counting relays

R710, R140 and RT10, respectively. At the end
of the third, sixth and ninth ground pulses trans-
mitted over the impulsing lead C1292, the relay
R810 is held operated in series with'the counting
relays R7120, R150 and R180, respectively. Thus
it will be apparent that, by utilizing only the
three relays R8(0, R820 and R830, each of the
ten counting relays R100 to R1780, inclusive, may
be successively held operated. It will be under-
stood that the last one of the counting relays to
be operated and held in an operated position de-
pends upon the number of successive ground
pulses transmitted over the impulsing lead C1292
during the impulsing period, which, in turn, is
determined by the digit dialed at the calling
telephone station. :

Selecting a particular 10-line group in the
connector switch

In order to extend the connection to a partic-
ular line terminated in the associated connector
switch, it is first necessary to select the particular

10-line group including the desired line, This is -

accomplished by dialing a corresponding tens
digit or by dialing a given prefix digit and then
& corresponding tens digit at the calling tele-
phone station. _

In extending the connection to a particular
line in the second 10-line group, the tens digit 2
is dialed so that, at the end 'of the impulsing pe-
riod and when ground is removed from the im-
pulsing lead Ci 292, the counting relay R1{0 in
the counting relay network is held energized in
series with the relay R820 in the manner set
Shortly after ground is removed
from the impulsing lead C1292 at the end of the
digit, the slow-to-release relay R800 restores, and
a circuit is completed for energizing the con-
nector gang relay R570, individual to the second
10-line group, this circuit extending from ground
at RA323 by way of the conductor C1300, Ci343,
RAS04, RCB806, RAB2T, CI348, RANTT, Ci320,
RATII, the conductor CI303 in the cable C131 5,
and the winding of R570 to battery. The gang

- relay R5T0 operates and{,»' closes its contact springs

(]

to connect the lines nq’mbered from 20 to 29 to
the armature springs.of the connector-unit re-
lays,-and to complete the operating cireuit for
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the busy relay R420. The operating circuit of
the busy relay R420 extends from battery at R420
by way of the winding of R420, RAA412, C1351, the
contact springs of the gang relay RS70, the con~
ductor. C1303 in the cable CI315, RATII, CI1320,
RAA4T1, CI348, RAB2T, RC806, RAS804, and C1343,
to the grounded conductor C1300. Upon oper-
ating, the busy relay R420 completes at RA422
and RA423 g circuit for short-circuiting the up-
per winding of the tens relay R4710, the short-
circuiting path extending from ground as ex-
tended to the contact springs of the gang relay
R570 by way of CI351, the upper winding of
RA4T0, RA422, and RA423 to the grounded con-
ductor C1300. Shortly thereafter and when the
counting relay R110 restores to interrupt the op-
erating circuit for the gang relay RS516, the
above-traced short-cireuiting bath is interrupted
permitting the upper winding of R470 o be en-
ergized in series with the gang relay R570 from
battery at R570. The gang relay R570 remains
operated and R4710 is caused to operate. Upon
operating, the tens relay R476 completes at
RA4TI and RA&12 a holding circuit of the gang
relay R§10, this circuit extending from ground
at RASTI by way of RA4T2, CI351, the contact
springs of the gang relay R510 and the winding
of R570 to -battery. The tens relay R470 also
completes at RA413 a holding circuit for itself,
this circuit extending from battery at R4T0 by
way of the lower winding of R470 and RA4T3 to
the grounded conductor C{1300; interrupts at .
RAM14 the circuit extending from the dial tone
lead CI1346 of the busy and dial tone apparatus
840 to the link conductor Ci29f: prepares at
RAMTS a point in the circuit for energizing the
group unit relay R500 in the connector switch
500; interrupts at RA416 a point in the circuit for
energizing the switching-through relay R350;
brepares at RA417 and RA4T9 points in the op-
erating circuits of the connector unit relays
R520, R530., etc., in the connector switch 500;
and interrupts at RA472 the operating circuit of
the busy relay RA420, causing the last-mentioned
relay to restore. '

As indicated above, shortly before the tens re-
lay RAT0 operates, the counting relay RT168 and
the relay R820, energized in series therewith, re-
store, these latter relays being held operated in
series for a short time interval after the relay
RB800 restores to interrupt at RA804 and RC805
the normal holding circuit therefor, by the mul-
tiple ground connection through the condenser
and resistor shown to the left of R820.. The
counting relay network is now conditioned to
respond to the impulses of a units digit dialed at
the calling substation in order to cause the con-
nector switch of the link to select g particular
line in the previously selected second 10-line
group. :

In extending the conmection to a particular
line in the third 10-line group, the tens digit 3
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" is dialed so that, at the end of the impulsing

period when ground is removed from the impuls-
ing lead C1292, the counting relay R120 in the
counting relay network is held energized in series
with the relay R810 in the manmer set forth
above. Shortly after ground is removed from the
impulsing lead C1292, the slow-to-release relay
R800 restores, and a circuit is completed for en-
ergizing the cornector gang relay R580, indi-
vidual to the third 10-line group, this ecircuit
extending from ground at RA323 by way of the
conductor C1300, C{343, RAS0T, RC808, RA8IS,
CI347, RAATY, CI322, RAT21, the conductor C1304 75
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in the cable C1315, and the winding of R580 to
battery. The gang relay R580 now operates and
closes its contact springs to connect the.lines
numbered from 30 to 38 to the armature springs
of the connector unit relays and to complete a
circuit for energizing the busy relay R420. The
operating circuit of the busy relay R420 extends
from battery at R420 by way of the winding of
RA420, RA4T2, CI1361, the contact springs of the
gang relay R580, the conductor Ci304 in the cable
Ci315, RAT2l, CI322, RA4T9, CI347, RABIS,

RC808, RAB07, and CI1343, to the grounded con- -

ductor C1300. Upon operating, the busy relay
RA&20 completes the above-traced path for short-
circuiting the upper winding of the tens relay
RA410. The latter relay operates, when the count-
ing relay R120 and the relay R8I0 operated in
series therewith restore, as previously explained.
Upon restoring, the relay R720 and R810 condi-
tion the counting relay network to respond to the
impulses of a units digit dialed at the calling
telephone station in order to cause the connector
switch of the link to select a particular line
in the previously selected third 10-line group.
In extending the call from the link 300 to a
particular line in the fourth 10-line group, the
tens digit 4 is dialed so that, at the end of the
impulsing period when ground is removed from
the impulsing lead C1292, the counting relay
R130 in the counting relay network is held ener-

gized in series with RB30. . Shortly after ground

is removed from the impuising lead C1292, the
slow-to-release relay R800 restores and a circuit
is completed for energizing the connector gang

relay, individual to the fourth 10-line group, this
from ground at RA323 by way

circuit extending
of the conductor C1300, CI343, RA804, RC806,
RA831, CI348, RAATI, CI1320, RAT3{, the con-
ductor C1305 in the cable Ci318§, and the wind-

ing of the gang relay individual to the fourth

10-line group, to battery. This gang relay op-
erates and closes its contact springs to connect
the lines numbered from 40 to 48 to the armature
springs -of the connecter unit relays, and to
complete a circuit for energizing the busy relay
RA20, this circuit being similar to that traced
previously. When the busy relay R420 operates,
the tens relay RAT0 is caused to operate as pre-
viously explained. As ingicated above, shortly
before the tens relay RA4T0 operdtes, the counting
relay R130 and the relay R830 energized in series
therewith restore, to interrupt the original op-
erating circuit of the gang relay individual to
the fourth 10-line group, and to condition the
counting relay network to respond to & units
digit dialed at the calling telephone station.
‘In extending the connection to a particular line
in the fifth 10-line group, the tens digit 5 1s dialed
at the calling station so that, at the end of the
impulsing period when ground is removed from
the impulsing lead Ci1292, the counting relay
R140 in the counting relay network remains ener-
gized in series with the relay R820. Shorily after
ground is removed from the impulsing lead
C1292, the slow-to-release relay R809 restores,

" & circuit is completed for energizing the con-
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nector gang relay individual to the fifth 10-line
group, this circuit extending from ground at
RA323 by way of the conductor C1300, C1348,

'RAS0T, RCB808, RA828, Cl3dl, RA419, Ci322,

RAT42, the conductor C1306 in the cable C1315,
and the winding of the gang relay individual to
the fifth 10-line group to battery. This gang
relay operates and closes its contact springs to

connect the lines numbered from 50 to 59 to the -

2,177,080

armature springs of the connector unit relays,
and to complete the operating circuit for the
busy relay R420 in a manner similar to that pre-
viously explained. When the busy relay R420
operates, the tens relay RAT0 is caused to operate
as previously explained. As indicated above,
shortly before the tens relay R4T0 operates, the
counting relay R140 and the relay R820, ener-
gized in series therewith, restore, to interrupt the
original operating circuit of the gang relay indi-
vidual to the fifth 10-line group, and to condition
the counting relay network to respond to a units
digit dialed at the calling telephone station.

In extending the connection
line in the sixth 10-line group, the tens digit 6
is dialed at the calling station so that, at the end
of the impulsing period when ground is removed
from the impulsing lead C1292, the counting re-
lay R150 and the relay R8I0 remain operated.
Shortly after ground is removed from the im-
pulsing lead C1292, the slow-to-release relay R800
restores, to complete the operating circuit for
the connector gang relay individual to the sixth
10-line group, this circuit extending from ground
at RA323 by way of the conductor C1300, C1343,
RA804, RC806, RASIT, CI1348, RAATI, CI320,
RAT52, the conductor C1307 in the cable Ci315,
and the winding of the gang relay individual to
the sixth 10-line group to battery. This gang
relay operates and closes its contact springs to
connect the lines numbered from 60 to 69 to
the armature.springs of the connector unit relays

and to complete the operating circuit. for the’

busy relay R420 in a manner similar to that pre-
viously explained. When the busy relay R420
operates, the tens relay RAT0 is caused to operate
as previously explained. Shortly before the tens
relay R410 operates, the counting relay R150 and
the relay R8I0 restore to interrupt the original
operating circuit of the gang relay individual to
the sixth 10-line group, and to condition the
counting relay network to respond to a units digit
dialed at the calling station. .

" In extending the connection to a particular
line in the seventh 10-line group, the tens digit
1 is dialed at the calling station so that, at the
end of the digit when ground s removed from
the impulsing lead C1292, the counting relay RT60
and ' the relay R830 remain -operated. Shortly
afte ground is removed from the impulsing lead
C1292, the slow-to-release relay R800 restores to

complete a circuit for energizing the connector

gang relay, individual to the seventh 10-line
group, this circuit extending from ground at
RA323 by way of the conductor C1300, C1343,
RAS01, RC808, RAB839, Ci341, RA4TY, Ci1322,
RAT61, the conductor C1308 in the cable C1315,
and the winding of the gang relay individual to
the seventh 10-line group to battery. This gang
relay operates and closes it contact springs to

“connect the lines numbered from 10 to 19 to the

armature springs of the connector unit relays
and to complete the operating circuit for the
busy relay R420 in a manner similar to that pre-
viously explained. When the busy relay R420
operates, the tens relay RA470 is caused to operate
as previously explained. As indicated above,
shortly before the tens relay RAT0 operates, the
counting relay RT60 and the relay R830 restore
to interrupt the original operating circuit of
the gang relay individual to the seventh 10-line
group, and to condition the counting relay net-
work to respond to a units digit dialed at the

. calling telephone station.
In extending a connection to a line in the

to a particular
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eighth 10-line group, it Is necessary to dial the
prefix digit 8 and then dial the tens digit 8. At
the end of the digit ground is removed from the
impulsing lead C1292, causing the counting relay
RT10 in.the counting relay network to be held
energized in series with the relay R820. Shortly
after ground is removed from the impulsing lead
C1292, the slow-to-release relay R806 restores
to complete a cireuit for energizing the slow-to-
release reverting call relay R400, this circuit ex-

- tending from ground at RA323 by way of C1300,

15

20

25

30

36

40

45

55

60

85

70

Cl1343, RA804, RC806, RA827, C1348, RAMTT,
C1320, RATTI, Ci297, RA342, C1296 and the
winding of R400 to battery. .

Upon operating, the reverting call relay R400
completes at RA403 and RA4OS5 g circuit for op-
erating the prefix digit relay R340, this circuit
extending from the grounded conductor C1291
by way of RA403, RA405, C1299, RA345 and the
winding of R340 to battery. The reverting call
relay R400 also places multiple ground at RA406
upon the hold conductor C1300 and ‘completes:at
RA40!, RA402 and RA404 5 holding circuit for
itself, this circuit extending from ground at

‘RA304 by way of RA236, C1289, RA4OI, RA4D2,

C1339, RA8B02, C1340, RAA404, and the winding of
RA400 to battery.

The prefix digit relay R340 operates and com-
Dletes at RA344 and RA345 a holding circuit for
Itself extending from the grounded conductor
C1300 by way of RA344, RA345 and the winding
of R340 to battery. Upon operating, the prefix
digit relay R340 interrupts at RA342 the original
operating circuit of the reverting call relay R400;
interrupts at RA345 its own operating circuit;
completes at RA341 a circuit extending by way
of Ci284 for -energizing the prefix digit slave
relay RA60; prepares at RA343 3 point in the
circuit for energizing the gang relay individual
to the eighth 10-line group in the connector
switch 500; and completes at RA346 a circult for
holding the counting. relay R118 operated until
after the prefix digit slave relay R460 operates
and for causing the relay R820, which is ener-
gized in series with the counting relay R170, im-
mediately to restore. This last-mentioned circuit

extends from ground at RA489 by way of RAA464,

C1219, RA346, C1211 and the winding of R170
to battery. Thus, the counting relay R710 is
held in its operated position and the relay R820
is short-circuited and Testores. This arrangement
retains the counting relay R710 operated and
causes the relay R820 to restore independently
of the condition of the normal circuit, including
the counting relay R170 and the relay R820 in
series. 'The prefix digit slave relay R460, being
of the slow-to-operate type, operates shortly
thereafter to disconnect at RA462 the dial tone
lead C1346 of the busy and dial tone apparatus

840 from the link conductor CI291, and to in-

terrupt at RA464 the breviously traced holding
circuit for the counting relay RT70, ‘causing the
last-mentioned relay to restore. ‘The counting
relay network is now conditioned to respond to
the impulses of the tens digit to select the con-
nNector gang relay individual to the eighth 10-
line group. ’

- 'When the first impulse of the tens digit 8 is
dialed the slow-to-release relay R890 is again
energized over the impulsing circuit, and remains
operated ' during the entire impulsing period.
When the relay R800 operates, it interrupts at
RA802 the previously traced holding ecircuit of

_ the reverting call relay R400, causing the Iatter,
75,

which is of the slow-to-release type, to restore
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shortly thereafter. Upon restoring, the reverting
call relay R400 interrupts at RA40!, RA402 and
RA494 further points in its holding circuit, re-
moves multiple ground at RA406 from the hold
conductor Cf300, and brepares at RA403 g
further point in the operating circuit of the gang
relay individual to the eighth group of lines ter-
minated in the connector switch 500.

At the end of the impulsing period, ground is
removed from the impulsing lead Cli292, caus-
ing the counting relay R170 in the counting relay
network to be held energized in series with the
relay R820, Shortly after ground is removed
from the impulsing lead C1292, the slow-to-re-
lease relay R808 restores to complete the ope:-
ating circuit for the connector gang relay in-
dividual to the eighth 10-line group, this circuit

"extending from ground at RA323 by way of the

conductor Ci300, C1343, RAB04, RC806, RAS2T,
C1348, RAATI, C1320, RATTI, C1291, RAA403,
C1288, RA343, the conductor C1276 in the cable
CI1315, and the winding of the gang: relay in-
dividual to the eighth 10-line group to battery.
This gang relay now operates and closes its con-
tact springs to connect the lines numbered from
80 to 89 to the armature springs of the unit re-
lays and to complete an operating circuit of the
busy relay R420. The operating circuit of the
busy relay R420 extends from battery at RA420
by way of the winding of R420, RA412, Ci1357,
the contact springs of the gang relay ind'vidual
to the eighth 10-line group, the conductor C1215
in the cable C(315, RA343, C1298, RA403, Cl291,
RATT!, Ci320,

When the busy relay R420 operates, the tens relay

"R470 is caused to operate as previously explained.

As indicated above, shortly before the tens relay
RAT0 operates, the counting relay R110 and the
relay R820 restore to interrupt the original oper-

‘ating circuit of the operated connector gang re-

lay and to condition the counting relay network
to respond to the impulses of a units digit digled
at the calling telephone station,

In extending a connection from a calling line
to & line in the ninth 10-line group, it is necessary
to dial the prefix digit 8 and then dial the tens
digit 9. When the prefix digit 8 is dialed, the re-
verting call relay R400, the prefix digit relay
R340 and the prefix digit slave relay R460 are
caused to operate in the manner previously ex-
plained. Upon operating, the prefix digit slave
relay R460 prepares at RA463 a point in the
operating circuit for the connector gang relay, in-
dividual to the ninth 10-line group.

The tens digit 9 is then dialed and at the end

of this digit ground is removed from the impuls-

ing lead C1292, causing the counting relay R780
to be held energized in series with the relay R810.
Shortly after ground is removed from the im-
pulsing lead C1292, the slow-to-release relay

R800 restores to complete the operating circuit

for the connector gang relay R1195 individual to
the ninth 10-line group, this circuit extending
from ground at RA$23 by way of the conductor
C1300, Ci343, RAS07, RC808, RA8I8, C{347,
RAATS, CI1322, RAT83, CI321, RA463, the con-
ductor C1309 in the cable CIi315, and the winding
of the gang relay RI195 to battery. The gang
switch RI185 now operates and closes its contact
springs to connect the lines numbered from 90 to
99 to the armature springs of the connector unit
relays and to complete the operating circuit for
the busy relay R429 in g manner similar to that
Previously explained.  When the busy relay R420
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- RAB04, C1343, to the grounded conductor C1300.

35

40

45

50

55

60

65

70

76




10

15

20

26

30

40

45

18

operates, the tens relay RAT0 is caused to operate
as previously explained. As indicated above,
shortly before the tens relay RA10 operates, the
counting relay R7180 and the relay R810, oper-
ated in series therew'th, restore to interrupt the
original operating circuit of the gang relay R1195,
and to condition the counting relay network to
respond to the impulses of a units digit dialed at
the calling telephone station.

In extending a connection from a calling line
to a line in the tenth 10-line group, it is necessary
to dial the prefix digit 8 and then dial the tens

digit 0. When the prefix digit 8 is dialed, the re-

verting call relay RA400, the prefix digit relay
R340 and the prefix digit slave relay RA460 are
caused to operate, as previously explained. Upon
operating, the prefix digit slave relay R460 pre-
pares at RA466 a point in the circuit for ener-
gizing the connector gang relay RI170, individual
to the tenth group of lines terminating in the
connector switch 500.

The tens digit 0 is then dialed and at the end
of the digit, ground is removed from the -im-
pulsing lead C1292, causing the counting relay
R780 in the counting relay network to be held
energized in series with the relay R830. Shortly
after ground is removed from the impulsing lead
Ci292, the slow-to-release relay R800 restores
to complete the operating circuit for the gang re-
lay R1170 individual to the tenth 10-line group
in the connector switch 500, this circuit extending

from ground at RA323 by way of the conductor’

Ci300, Ci343, RA804, RCB806, RAS3T, C1348,

. RA4TT, C1320, RAT93, CI319, RA46S, the con-

ductor C1310 in the cable C1315 and the winding
of the gang relay RIIT0 to battery. The gang
relay R1170 now operates and closes its contact
springs to connect the lines numbered from 00 to

09 to the armature springs of the connector unit

relays and to complete the operating circuit for
the busy relay R420 in the manner described
above. When the busy relay RA420 operates, the

tens relay R470 is caused to operate as previously.

explained. . As indicated above, shortly before the
tens relay RAT0 operates, the counting relay
R790 and the relay R830 restore to interrupt the

- original operating circuit of the gang relay RIITO
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and to condition the counting relay network to
respond to the impulses of a units digit dialed at
the calling telephone station.

In extending a connection from a calling line
to a line in the first 10-line group, it is necessary
to dial the prefix digit 8 and then dial the tens
dieit 1. When the prefix digit 8 is dialed, the
reverting call relay R400, the prefix digit relay
R240 and the prefix ‘digit slave relay RA460 are
cavsed to operate in the manner explajned previ-
onslv. Upon operating, the prefix digit relay
R240 prepares at RA34T a point in the operating
cireuit for the gang relay individual to the first
gronn of lines terminating in the connector
switch 500,

The tens digit 1 is then dialed and at the end
of the dirit when sround is removed from the im-
nilsing lead C1292. the counting relay RT0A is
held enersized in series with the relay R830.
Shartly after sround is removed from the im-
prising lead C1292. the slow-to-release relay R808
restores to complete the operating circuit for the
gang reley individual to the first group of lines
terminatine in the connector switch 500, this cir-

cuit exténding from ground at RA323 by way of .

the conductor CI300, C1343, RAS80T,.
RASR9, C1347, RA419. CI322, RATO,

RC808,
ci21s,

RA341, the conductor CI215 in the cable CI315,

2,177,069
and the winding of the gang relay, individual to

the first line group, to battery. This gang relay

now operates and closes its contact springs to
connect the lines numbered from 10 to 19 to the

armature springs of the connector unit reiays and .

to complete the operating circuit for the busy
relay R420 in a manner similar to that previously

explained. 'When the busy relay R420 operates,

the tens relay R470 is caused to operate as pre-
viously explained. As indicated ahove, shortly
before the tens relay R410 operates, the counting
relay R100 and the relay R830 restore to inter-
rupt the operating circuiit of the gang relay in-
dividual to thefirst 10-line group, and to condition
the counting relay network to respond to the im-
pulses of a unifs digit dialed at the calling tele-
phone station.

As pointed out above, in extending a call to
the first 10-line group in the connector switch
500, the prefix digit 8 is first dialed and then
the tens digit | is dialed. Thus the digit 1 is
never dialed as a- first digit after one of the
links has been seized. However, a first digit com-
prising a single impulse may be transmitted from
the telephone instrument at the calling telephone
station through the link 300 to the counting re-
lay network inadvertently, due to a momentary
interruption of the calling subscriber’s loop cir-
cuit produced by actuation of the switch hook
associated with the receiver of the telephone
instrument. A digit of this form, comprising
a single impulse, is likely to be followed imme-
diately by.a digit comprising a plurality of im-
pulses and constituting the first digit dialed, and
will result in an improper connection, unless
the counting relay network is released somewhat
faster than usual at the end of the single im-
pulse. An arrangement comprising the armature
RA347 of the prefix digit relay R340 and a pair
of conductors C{214 and CI218 is provided in
order to render the counting relay network fast
to release when the first digit comprises & single
impulse.

For example, assuming that the first digit com-
prises a single impulse produced by operation of
the switch hook at the calling telephone station,

_the counting relay RT00 in the counting relay

network is energized in series with the relay
RB30 at the end of the ground pulse applied
to C1292. Normally, the counting relay RT100
would be held opersted in series with the relay
R830 s predetermined time interval, depending
upon the characteristic of the holding circuit
therefor comprising the resistor and condenser
indicated. to the left of the relay R830. How-
ever, in the present instance, the counting relay

cuiting the relay R830 and a circuit for holding
the counting relay R100 operated, the first men-
tioned circuit extending. from ground at RA323
by ‘way of the conductor C1300, C1343, RABOT
RC808, RA839, CI341, RALTY, C1322, RATOI,
C1214, RA341, CI218, the winding of R830 and
the resistor and condenser at R830 to ground,
and the second mentioned circult extending from
the grounded conductor Ci218 by way of RAT03
and the winding of R700 to battery. 'The relay

_R838 immediately restores and interrupts at

RAB839 the above traced circuit for holding the
counting relay R700 operated, causing the latter
relay to restore. The counting relay network
is thus promptly conditioned to receive the im-
pulses of the first gigit dialed at the calling tele-
phone station. :
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Selecting a particular line in q previously selected
group of lines terminating in the
connector .switch

In order to extend the connection to a particu-
lar line in a previously selected group of lines
terminated in a connector switch, a correspond-
ing units digit Is dialed at the calling telephone
station,

In extending the call to the first line in g pre-
viously selected 10-line group, the units digit 1
is dialed. At the end of the digit ground is
removed from the impulsing lead C1292, causing
the counting relay. R100 in the counting relay
network to be held energized in series with the
relay R830 in the manner described above.
Shortly after 'ground is removed from the im-
pulsing lead C1292, the slow-to-release relay R800
restores to complete the operating circuit for the
unit relay R560 corresponding to the first and
sixth lines of the previously selected 10-line group,
this circuit exténding from ground ‘at RA323 by
way of the conductor C1300, Ci343, RAS80T, RC808,
RAB39, C1347, RA4TY, RA490, C1332, RAT0S5, the
conductor Ci40] in the cable C1333, CI1375,
RAIITI, RCHIT2, C1386, RA1196, RC1198, Ci318,
and the winding of R56D to battery. The unit
relay R560 now operates to complete at RAS56T
a circuit for energizing the ring pickup relay
R430, this circuit extending from battery at
R430 by way of the winding of R430,RA485, C1360,
RA567, C1378, RCI198, RAI1(96, C1386, RCI172,
RALITL, C1315, the conductor C1401 in the cable
C1333, RAT05, CI332, RA490, RA419, Ci3a1,
RAB39, RC808, RA807, and C1343 to the grounded
conductor C1300. Upon operating, the ring pick-

up relay R430 completes at RA434 and RA435 a

circuit for short-circuiting the lower winding of
the units relay R480, the short-circuiting path ex-
tending from ground as extended to RA567T by
way of C1360, the lower winding of R480, RA434,
RA435 and RA423 to the grounded conductor
C1300. Shortly thereafter and when the count-

‘Ing relay R700 restores to interrupt the oper-

ating circuit for the connector unit relay. R560,
the above-traced short-circuiting path is inter-
rupted permitting the lower winding of R480 to
be energized in series with the unit relay R560
from battery at R560. The relay R560 remains
operated and RA480 is caused to operate. Upon
operating, the units relay R480 completes at
RA484 and RA485 a holding circuit for the unit
relay R560, this circuit extending from ground
at RA484 by way of RA485, CI360, RAS67, and
the winding of R560 to battery. The units relay
RA80 also completes at RA4SE 5 holding circuit
for itself, this circuit extending from battery
at R480 by way of the upper winding of R480 and
RAA486 to the grounded conductor Ci300. At
RAA8I, the relay RA480 completes a point in the
holding circuit of the busy relay R420. The re-
lay R480 also completes at RA482 & point in the
operating circuit for the generator reversing re-
lay R440; completes at RA48T a point in the cir-
cuit for energizing the switching relay R4§10; com-
pletes at RA488 a point in the circuit, traced
hereinafter, for holding one of the counting re-
lays R100, RT10, etc., in the counting relay net-
work, energized in series with one of the relays
R810, R820, etc., after the code digit has been
dialed; and interrupts at RA485 the operating
circuit of the ring pickup relay RA430, causing the
| restore,

As indicated above, shortly before the units
relay RA80 operates, the counting relay R700

"phone station.
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and the relay R830, operated In serles therewith,
restore to interrupt the operating circuit of the
unit relay R560. The counting relay network
is thus conditioned to respond to the impulses of
a code selecting digit dialed at the calling tele-

Upon operating, the unit relay R560 in the
connector switch 500 connects the first or the

sixth line in the-previously selected 10-line group '

to the link 300, depending upon the operated or
non-operated condition of the subgroup or group
unit relay R500, as will be explained more fully
subsequently. In the present instance the group
unit relay R500 is not operated and the first line
in the previously selected 10-line group is con-
nected back to the line conductors of link 300,
the link conductor C1281 being connected by way
of RAS0I, CI365, RA561 and the contact springs
of the operated gang relay individual to the se-
lected 10-line group to one side of the first line
in the selected 10-line group, and the link con-
ductor C1290 Yeing connected by way of RA502,
CI1361, RA563 and the contact springs of the
operated gang relay individual to the selected
10-line group to the other side of the first line
in the selected 10-line group. The unit relay
R560 also c%mpletes at RAS65 a circuit for testing
the busy or idle condition of the first line in the
selected 10-line group. If the first line is busy,
ground is present on the control or private con-
ductor extending to the armature RAS565. On
the other hand, if the line is idle, battery poten-
tial is present on this control conductor.

Assuming that the first line in the selected
10-line group is busy, the busy relay R420 is en-
ergized when the unit relay R560 in the connector
switch 800 operates, the circuit for energizing this
relay extending from the grounded control con-
ductor by way of RAS65, C1367°, RAS03, C1358,
RA416, CI342, RA80I, CI34( ang the winding
of R420 to battery. The busy relay R420 oper-
ates when energized over the above traced cir-
cuit and completes at RA42{ .2 holding circuit
for itself, this circuit extending from ground
at RA421 by way of RA4SI, Ci280, RA324, Ci280’,
and the winding of R420 to battery. The busy
relay R420 also completes at RA424 a circuit for
conducting busy tone current from the busy and
dial tone apparatus 840 to the receiver at the
calling telephone station, this circuit extending
from pulsating battery in the dial and busy tone
apparatus 840 by way of the busy tone lead
Ci351, RA4A24, RA4I4, the link conductor CI291,
the condenser 1291’ and RA355 to the link con-
ductor Ci283. This busy tone current is further
conducted over the link conductor C1263 and by
way of the finder sw'tch 200, one side of the
calling line, the receiver of the telephone in-
strument at the calling telephone station, the
other side of the calling line, the link conductor
CI261, RA352, the link .conductor. C1282 ..and
RAAI2 to ground. Upon receiving busy tone
the party initiating the call is informed that the
called line is busy. . -

When the party initiating the call hangs up,
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the previnusly traced operating circuit of the .

line relay R310 is interrupted. .The line relay
R310 restores and causes the hold relay R320
to restore. Upon restoring, the hold relay R320
removes ground at RA32f from the conductor
Ci251, and at RA823 from the hold conductor
C1300 and the conductor C1264 connected there-
to. When ground is removed from the con-
ductor C1251, the holding circuits ‘of the oper-
ated one of the gang relays R270, R280, ete.,
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and the operated one of the unit relays R200,
R205, etc., in the finder switch 200, are inter-
rupted, causing these two relays to restore %o
release the finder switch 200 for further use.
When ground is removed from the conductor
C1264, the holding circuit of the cut-off and
lock-out relays, individual to the calling line, are
interrupted, and, the latter relays restore, there-
by conditioning the calling line for further use.

. When ground is removed from the conductor

C1300, the holding circuits of the tens and units
relays R470 and R480, respectively, are inter-
rupted and these relays restore to interrupt, at
RA411 and RAA484, respectively, the holding cir-
cuits of the operated one of the gang relays R§10,
R580, etc., and the operated unit relay R560
in the connector switch 500. When the oper-
ated gang and unit relays restore, the connector
switch 500 is released for further use. Thus, the
link is released when the calling party at the call-
ing telephone station replaces the- receiver -of
the telephone instrument upon .its associated
switch hook. o '

Assuming that the first line in the selected
10-line group is idle, the busy relay R420 is not
energized when the unit relay R560 operates, as
battery potential is present on the control con-
ductor of the called line which is connected
to the armature RA565. At this time the count-
ing relay network is conditioned to be respon-
sive to the impulses of a code selecting digit
dialed at the calling substation.

In extending a connection from a calling line
to the second line in a previously selected 10-line
group, the units digit 2 is dialed so that at the
end of the digit when ground is removed from
the impulsing lead C1292, the counting relay RT10
is locked energized in series with the relay R820.
Shortly after ground is removed from the im-
pulsing lead C1282, the slow-to-release relay
RB800 restores to complete the operating circuit
for the unit relay R350, corresponding to the
second and seventh lines in the previously se-
lected group of lines terminating in the con-
nector switch 500, this circuit extending from
ground at RA323 by way of the conductor C1300,
C1343, RAB04, RC806, RA821, CIi348, RA4TT,
RA487, C133f, RATIS5, the conductor C1402 in

- the cable C I333, and the winding of R550 to bat-
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tery. Upon operating, the unit relay R550 com-
pletes the operating circuit for the ring pick-up
relay R430. When R430 operates it completes
the above iraced short-circuiting path for the

lower winding of the units relay R480, this path '

being interrupted to permit the lower winding of
RA480 to be energized in series with the unit re-
lay R550 from battery at R550, when RT{0 sub-
sequently restores, as previously explained.

Upon operating, the unit relay R550 connects
the second line in the selected 10-line group to
the link line, of link 300, since the group unit
relay R500 is not operated as previously ex-
plained. The units relay R850 also completes a
circuit for testing the busy or idle condition of
the second line in the selected 10-line group,
and the operation of .the busy relay R420 is de-
pendent upon the busy or idle condition of the
selected line as previously explained. - At this
time, if the selected line is idle, the counting
relay network is conditioned to be responsive
to a code selected digit dialed at the calling tele-
phone station.

In extending the call to the thlrd fourth and

fifth lines, respectively, in a previously selected
10-line group, the units digits 3, 4 and 5, respec-

2,177,089

tively, are dialed, causing the counting relays
R720, R130 and R140, respectively, to complete
the operating circuits for the connector unit re-
lays R540, R530 and R520, respectively in a man-
ner which will be readily apparent from the pre-
ceding description. Upon operating, the units
relays R5480, R530 and R520 connect the third,
fourth and fifth lines, respectively, in the pre-
viously selected 10-Line group to the link line of
the link 300. The operation of the apparatus is
otherwise exactly the same as that previously
described, and in each instance the apparatus is
conditioned to respond to a code selecting digit
dialed at the calling telephone station if the se-
lected line is idle, or the busy relay R420 is caused

" to operate to apply busy tone ecurrent to the call-

ing subscriber’s loop circuit if the selected line is
busy.

In extending a connection from the calling line ‘

to the sixth line in a previously selected 10-line
group, the units digit 6 is dialed, which - causes
the counting relays R100, R110, R120, R130, RT40
and R17150 in the counting relay network sequen-
tially to operate in the order named, as previ-
ously described. At the end of the digit, the
relay R150 is held energized in series with the
relay R810. The counting relay RT40 is caused
to operate when the fifth ground pulse is trans-
mitted over the impulsing lead C1292, and the
counting relay R150 is caused to operate when
the sixth ground pulse is transmitted over the
impulsing lead C1292. Shortly after the count-
ing relay RT150 operates, the relay R818 is en-
ergized in series therewith and, upon operating,

.interrupts at RA8{4 the circuit for holding the

counting relay R740 energized in. series with the
relay R820, causing the two last-named relays to
restore. When the counting relay R740 operates,

.it prepares at RAT41 a point in the operating

circuit for the group unit relay R500 in the con-
nector switch 500, and when the counting relay
R150 operates, it completes at RATS5I the pre-
pared circuit for energizing the group unit re-
lay R550, this circuit extending from ground at
RAT41. by way of RAT51, CI1318, RA4T5, RA482,
C1359, and the winding of R500 to battery.

Upon operating, the group unit relay R500

‘completes at RA509 an obvious holding circuit

for itself extending to the grounded conductor
C1300, and at its armatures RAS0I, RA502, and
RAS503, disconnects the link condllctors Ci28i,
C1290, and Ci358, respectively, from the con-
ductors C1365, CI367 and CI36T’, respectively,
and connects them to the conductors C1366,
C1368 and C1368’, respectively, .thereby render-

_ing the unit relays R568, R550, R540, R530 and

R520 effective to connect the sixth, seventh,
eighth, ninth and tenth lines in a previously se-
lected '10-line group to the link line of the link
300. .
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Also, at the end of this digit and when R800 -

restores, the unit relay R560, common to the first
and sixth lines in. the previously selected 10-line
group in the connector switch 500, is energized
over a circuit extending from ground at RA323
by way of the conductor CI1300, C1343, RAS04,
RC806, RAS8IT, CI348, RA4TI, RA48T, CIi33i,
RAT56, the conductor C1406 in the cable C1333,
and the winding of R560 to battery. Upon op-
erating, the unit relay R560 completes the op-
erating circuit for the ring pick-up relay R430,
causing the last-named relay to operate and
short-circuit the units relay R480 as previously
explained. Thereafter and when the operated
counting relay R150 resfores, the relay R480 is
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energized in series with the unit relay R560 from
battery at R560 and operates to perform'the
functions outlined above.

With the group unit relay R500 operated, the
unit relay R560, upon operating, connects the
sixth line in the previously selected 10-line group
to the line conductors of the link 300, the link
conductor CI281 being connected by way of
RAS0I, C1368, RA562 and the contact springs
of the operated gang relay, individual to the se-
lected 10-line group, to one side of the sixth
line in the selected 10-line group, and the link
conductor CI298 being connected by way of
RA502, Ci368, RA564 and the.contact springs
of the operated gang relay, individual to the se-
lected 10-line group, to the other side of the
sixth line in the selected 10-line group. The
unit relay R550 also completes at RA566 a circuit
for testing the busy or idle condition of the sixth
line in the selected 10-line group, the operation
of the busy relay R420 being dependent upon
the busy or idle condition  of the selected line,
as previously explained. At this time, if the se-
lected line is idle, the counting relay network is
conditioned to be responsive to the impulses of
a code selecting digit to select the proper code
of the ringing current to be applied to the select-
ed called line.

In extending connections to the seventh,
eighth, ninth and tenth lines, respectively, in g
previously selected 10-line group, the units digits
7, 8,9 and 0, respectively, are dialed, causing
the counting relays R1760, RT110, R180 and RT190,

respectively, to select the unit relays R550, R540,

R530 and R520, respectively, for energization.
In each instance the group unit relay R500 in
the connector switch 500 is caused to operate in
a8 manner similar to that previously explained.
Upon operating, the unit relays R550, R540, R530
and R520, and the group unit relay R500 con-
nect the seventh, e‘ghth, ninth and tenth lines,
respectively, in the previously selected 10-line
group to the link 300. The operation of the ar-
rangement is otherwise the same as that previ-
ously described, and in each instance the code
selecting digit is dialed at the calling telephone

- station if the selected line is idle or the busy
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relay R420 is operated to apply busy tone cur-
rent to calling subscriber’s loop circuit if the
selected line is busy. '
From the above description of the operation
of the connector switch 500, it is apparent that
each of the unit relays R560, R550, etc., con-
trols the selection of g corresponding ‘ line be-
tween | and §, or a corresponding line between
6 and 10 in g previously selected 10-line group,
depending upon the non-operated or operated
condition, respectively, of the group unit relay
R500. ‘This arrangement provides a connector
switch of extremely simple and economica] con-

struction which ig thoroughly reliable in opera-
tion,

Applying code ringing current to a selected line
in the connegtor switch

After a particular line in the connector swifch
has been selected and found to be.idle, a code
selecting digit is dialed at the telephone sta-
tion initiating the call in order to select the code
of the ringing current to be applied to the
selected called line. In the present telephone
system, as many as ten telephone stations may

-be connected to 8 particular line, the telephone

stations being arranged in two groups of five
telephone stations each. The ringers of the first
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group of telephone stations are connected be-
tween one side of the line and ground, while the
ringers of the second group of telephone stations
are connected hetween the other side of the line
and ground. In signaling a particwar telepnone
station, code ringing current is applied to the
side of the line to which the ringers ot the group,
including the particular cal.ed telephone sta-
tion, are connected. In order to inaicate which
one of the five telephone stations of tne group is
being called, a selected one of five ditierent
ringing codes comprising five different compina-~
tions of short and :ong ringing impuses is uti-
nzed in ringing over tne selected line. When a
code selecting digit of from 1 to 5 is dia.ed, the
ringers of the first group are selected for ener-
gization by the ringing current, the particwar
character of the selected code indicating which
one of the five telephone stations of tae first
group is being called., On the other hand, when
& code digit between 6 and 0 is dia.ed, the ring-
e1s of the second group are selected tor energiza-
tion by the coded ringing current applied to the
other side of the line, the particular character of
the selected code indicating which one of the
five telephone stations of the second group is be-
ing called.

" . In signaling the first telephone station in the

first group of telephone stations connected to g
selected line, the code selecting digit 1 is dialed
at the calling substation. At the end of the digit
when ground is removed from the impulsing
lead CI1292, the relay R830 is locked energized
in series with the counting relay RT00 in the
counting relay network. These two relays are,
in this case, held operated over g holding circuit
extending from battery at R100 by way of the
winding of R100, RAT08, CI1218, the winding of
R830, RCB826, RAB24, RAS34, RC835, C1349,
RA488 and, RA454 to the grounded conductor
C1300. The relay R830 and the counting relay
R100 are held operated during the ringing period
and until the ring cut-off relay R450 operates in
the manner described hereinafter, to interrupt
at RAA54 the previously traced holding ecircuit
for these two relays. Shortly after ground is
removed from the impulsing lead C1292, the
slow-to-relase relay R800 restores to complete
the operating circuit for the switching relay
RA10, this circuit extending from -ground at
RA323 by way of the conductor C1300, C1343,
RA3804, RC806, RA837, C1348, RA4TI, RA48I,
RA426 and the winding of R418 to battery,
Upon operating, . the switching relay R410
completes at RA419 an obvious holding circuit
for itself and completes at RA418 g circuit for
energizing the ring pickup relay RA430, this lat-
ter circuit extending from battery at R430 by
way of the winding of R430, RA418, RA436, the
conductor CI350 connected to the code inter-
rupter apparatus 1000 and the contacts of a re~
lay, not shown but included in the code inter-
rupter apparatus 1000, to ground. Upon op-
erating, the switching relay R410 interrupts at
RAA419’ the start circuit of the busy and dial
tone apparatus 840, and comp’etes at RA4AI9 g
start circuit for the code interrupter apparatus
1090, the latter circuit extending from ground at
RA325 by way of C1302, RA4IY’, RA455, C134b
and the winding of a start relay, not shown but
included in the code interrupter apparatus 1000
to battery, thereby setting the code interrupter
apparatus (000 into operation. 'The switching
relay R410 also interrupts at RA416 a point in
the operating circuit of the busy relay R420 and
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grounds at RA416 the conirol conductor C1358,
thereby to mark the selected called line as busy
and to.energize the cut-off and lockout-relays in-
dividual to the selected line. For example, if the
line 20 connected to the telephone station IB is
selected, the cut-off relay RI120 and the lock-
out relay Rl 15, individual thereto, are caused to
operate, the energizing circuit for these relays
extending from ground at RA416 by way of the
control conductor Ci358, RAS03, CI368’, RA526,
the contact springs of the gang relay R570, the
control conductor C1205 of the line 20, the wind-
ing of R120, and the winding of R115 to battery.
The cut-off relay RI20 now operates and inter-
rupts at RAI21 and RA122 the operating circuit
of the line relay RI25 individual to the line 20,
thereby preventing operation of the latter relay
to initiate the operation of one of the links,

Also, the switching relay R410 interrupts at
RA415 a point in the impulsing circuit as traced
above, interrupts at RA414 the path for applying
dial and busy tone currents to the link conductor
C1291, and completes at RA4IT a point in the
circuit for applying coded ringing current to the
selected called line.

The switching relay RA410 also prepares ab
RA411 and RA412 a further point in the circuit
for conductinig ringing current to the called sub-
scriber’s substation. Also,” the switching relay
R410 removes ground at RA412 from the link

. conductor C1282 connected to the link con-
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ductor CI1261 at RA352, and connects af
RA412 the line relay R3i8 directly across the
link conductors CI261 and C1263 to hold this re-
lay operated over the calling subscriber’s loop
circuit, the link conductor CI26f being con~
nected by way of RA352, the link conductor
C1282, RA412, the link conductor Cl1283, RA333,
and the lower winding of R310 to ground, and
the link conductor C1263 being connected by
way of RA355, RA335 and the upper winding of
R310 to battery.

When the ring pick-up relay R430 operates, it
interrupts at RA436 its original operating circuit,
and completes at RA436 and RA433 a holding
circuit for itself, this circuit extending from bat-

" tery at R430 by way of the winding of R430,

RA418, RA436, RA433 and RA453 to the ground-
ed conductor C1300, thereby placing the cpera-

o tion of the ring pick-up relay RA430 under the
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control of the ring cut-off relay R450. Upon
operating, the ring pick-up relay R430 interrupts
ab RA431 and RAA32 points in the operating
circuit of the called party answer relay R36S5,
and prepares at RA431 and RA432 a further
point in the path for applying coded ringing
current to the link conductor C1281, and a point
inqgk‘;e circuit for energizing the ring cut-off relay
R450.

Upon operating,  the code interrupter appa-
ratus 1000 grounds the start lead CI352 of the
ringing apparatus 850. The ringing apparatus
850 now operates and applies ground to the con-
ductor C1355, and pulsating battery to the con-
ductor C1354, in order to control the operation
of the code interrupter apparatus 1000. The
code interrupter-apparatus 1000 operates to ap-
ply five different combinations of short and long
battery and ground. impulses to the conductors
C1338, C1331, C1336, C1335 and C1334. At this
time, the coded ringing current applied to the
conductor C1331, C1336, C1335 and C1334 are of
no effect as the conductors mentioned are open-
circuited, while the coded ringing current ap-
plied to the conductor CI338 is conducted to the
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link conductor C1281 over a path extending from
the conductor C1338 by way of RAT04, CI313,
RA441, RA431 and RA4II to the link conductor
Cl1281. This coded ringing current is further

conducted over the link conductor CI128! and by

way of the connector switch 500, one side of the
selected line, and through the ringers respectively
provided at vhe first five telephone stations to
ground. While each of the ringers of this first
group are actuated, the character of the code
ring indicates which one of the telephone stations
in the first group is being called. A'so, a por-
tion of this coded ringing current applied to the
link conductor Cf281 is conducted by way of
RAA41{, the condenser 1286%, the link conductor
C1286, the condenser (286%, the link conductor
Ci283, RA412, the link conductor Ci282 and
RA352, the link conductor Ci261, the finder
switch 200, one side of the calling line, the re-
ceiver at the calling telephone station, the other
side of the calling line, the finder switch 200,
C1263, RA355, RA335 and the upper winding of
R310 to battery. The current flowing over this
circuit causes ring-back tone to be generated by
the receiver at the calling telephone station,
thereby to indicate that the called telephone sta-
tion is being rung.

When the call is answered by removing the
receiver at thecalled telephone station from its as-
sociated switch hook, a talking loop circuiit is com-
pleted between the calling and called telephone

stations by way of the link 300, and the operat--

ing circuit of the ring cut-off relay R450 is com-

‘pleted. The operating circuit of the ring cut-

off relay R450 extends from battery at R450 by
way of the upper winding of R450, RA451, RA442,
RA432, RA4(3, the link conductor C1290 and the
connector switch 500 to one side of the called
line, through the telephone instrument at the
called telephone station connected across the two
sides of the called line, and from the other side

.of the called line by way of the connector switch’

500, the link conductor Ci281, RA&LI, RA43I,
RA444, C1313, RAT04 and the conductor C1338 to
ground in the code interrupter apparatus 1000.

Shortly thereafter, the slow-to-operate ring
cut-off relay RA50 operates and completes at
RA452 a holding circuit for itself, this circuit ex-
tending from the grounded conductor C{300 by
way of RA452 and the upper and lower windings
of RA450 in series to battery. Upon operating, the
ring cut-off relay R450 interrupts at RA453 the
holding circuit of the ring pick-up relay R430,
causing the latter relay to restore. The ring cut-
off relay R450 also interrupts at RA454 the cir-
cuit for holding the relay R830 and the counting
relay R100 energized in series, whereupon the
latter relays restore.
RA450 also interrupts at RA451 its original oper-
ating circuit, and interrupts at RA455 the start
circuit of the code interrupter apparatus 1006.
The code interrupter apparatus 1000 is then re-
leased if none of the other links are performing

" g ringing function at.this time, and removes

ground from the conductor C1352, thereby re-
leasing the ringing apparatus 850.

When the ring pick-up relay R4380 restores, it
connects at RA43§ and RA432 talking battery at
the called party answer relay R385 across the
link conductors C1281 and Ci290, which conduc-
tors are connected by way of the connector
switch 580 and the called line to the telephone
instrument, at the called telephone station, the
link conductor C1281 being connected by way of

RAA4(1, RA43L, CI1285, and the upper winding

The ring cut-off relay.
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of R365 to ground, and the link conductor C1296
being connected by way of RA413, RA432, C1281
and the lower winding of R365 to battery.

The called party answer relay R365 now oper-
ates and completes at RA366 a circuit for ener-
gizing the called party slave relay R330. Upon
operating, the called party slave relay R330 re-
verses at RA332 and RA334 the talking battery
applied through the line relay R310 to the link
conductors CI261 and C1263, which conductors
are connected by way of the finder switch 200 and
the calling line to the telephone instrument at
the calling telephone station, the link conductor
C1261 being connected by way of RA352, the link
conductor C1282, RA4I2, the link conductor C1283,
RA333, RA332 and the upper winding of R310 to
battery, and the link conductor C1263 being con-
nected by way of RA355, RA335, RA334 and the
lower winding of R310 to ground. The called
party slave relay R330 also interrupts at RA33!
a point in the operating circuit of the link re-
leasing relay R300, thereby to preyent this relay
from operating to initiate the release of the link
in the manner described above.

The release of the established connection is
primarily under the control of the calling tele-
phone party. More particularly, the connection
is released in a manner similar to that described
previously in connection with the release of the
apparatus when the called line is busy at the
time it is selected. Thus, when the receiver at
the calling telephone station is rep'aced upon
its associated switch hook, the operating circuit
of the line relay R310 is interrupted, causing the
latter relay to restore to interrupt the holding
circuit of the held relay R320. The hold relay
R320 then restores and removes ground from the
conductor C300. When ground is removed
from the conductor C1300, the apparatus includ-
ing the switching relay R410 and the ring cut-
off relay R480, is released, and the operating cir-
cuit of the called party answer relay R365.is in-

-terrupted, causing this relay and the called party

slave relay R330 to restore. The finder switch
200 and the connector switch 500 are released
and conditioned for further use in the manner
set forth above. .

In signaling the second, third, fourth, or fifth
telephone station in the first group of telephone
stations connected to a selected line; one of the
code selecting digits 2, 3, 4, or 5, respectively, is
dialed, so that at the end of the digit, when ground
is removed from the impulsing lead C1292, one
of the counting relays R110, R120, R130 or R740,
respectively, is iocked energized in series with
one of the associated relays R820, R810, R830, or
RB820, respectively, as previously explained. The
apparatus including the code interrupter appa-
ratus 1000 is operated as described above, and the
coded ringing current applied to the selected one
of the conductors CI337, CI336, CI335 or Ci334 is
applied to the link conductor Ci28f in a manner

- similar to that described above, the one of the
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codes selected depending upon which of the code
selecting digits 2, 3, 4, or 5 is dialed. The cir-
cuit from the conductor CI337 extends by way
of RATI4, CI312, RA4{T, RA44{, RAA31 and
RAM4i1 to the link conductor C1281; the circuit
from the conductor CI1336 extends by way of
RAT24, Ci313, RA4I, RA431, and RA4H to the
link conductor Ci281; the circuit from the con-
ductor C1335 extends by way of RAT34, C{312,
RA&IT, RA4AI, RAA3I, and RAA&I to the link con-

ductor Ci281; and the circuit from the conduc- -

tor C1334 extends by way of RAT45, Ci313, RAM4I,
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RA431, and RA4I1{ to the link conductor C1281.
The remainder of the apparatus operates as pre-
viously described.

In signaling the first telephone station in the

second group -of telephone stations connected
to a selected line, the code digit 6 is dialed. Dur-
ing the impulses of this digit the counting relay
RT150 in the counting relay network operates be-
fore the counting relay R740 restores. When
the counting relay R7140 operates, it prepares at
RA141 a point in the circuit for energizing the
generator reversing relay R440, and when the
counting relay -R150 operates it completes at
RAT51 the operating circuit for the generating
reversing relay R440, this circuit extending from
ground at RAT41 by way of RA151, C1318, RA415,
RA482, RA444 and the winding of R440 to bat-
tery. The generator reversing relay R440 now
operates and completes at RA443 and RA444 an
obvious holding circuit for itself, this circuit ex-
tending to the grounded conductor C1300. At
RAM4| and RA442, the relay R440 prepares a
point in the circuit for energizing the ring cut-
off relay R450, and a point in the path for con-

" ducting .coded ringing current by way of the

link conductor Ci290 to the ringer at the called
telephone station.

At the end of the digit, ground is removed from
the impulsing lead CI1292, causing the relay
R810 to be locked energized in series with the
counting relay R750, these relays being held
operated until the ring cut-off relay R450 op-
erates in a manner similar to that previously
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explained. Shortly after ground is removed -

from the impulsing lead Ci292, the slow-to-re-
lease relay R880 restores and the switching relay
RA410 is caused to operate as previously explained,
the operating circuit of the switching relay R410
extending from ground at RA323 by way of the
conductor C1300, Ci343, RA804, RC806, RASIT,
C1348, RA4TT, RA48T, RA426 and the winding
of R410 to battery. At this time coded ringing
current as applied to the conductor C1338 is con-
ducted to the link conductor C1290 over a path
extending from pulsating battery and ground in
the code interrupter apparatus 1000 by way of

the conductor C1338, RATS5, Ci312, RA4I{1,

RA442, RA432 and RA4I3, to.the link conductor
C1280. The coded ringing current is conducted

‘from the link conductor C1290 by way of the

connector switch 500 and the other side of. the
called line through the ringers respectively pro-
vided at the stations forming the second group
of five telephone stations, to ground. While
each of the ringers of the second group is actu-
ated, the character of the coded ring indicates
which of the telephone stations is being called.
When the call is answered, the operating cir-
cuit for the ring cut-off relay R450 is completed,
and this circuit extending from battery at R450
by way of the upper winding of RA450, RAM45I,
RA441, RA43I, RA4LI to the link conductor
Ci281; from the link conductor CI128{ through
the connector switch 500, one side of the called
line, the telephone instrument at the called tele-
phone station, the other side of the called line
and the connector switch 500 to the link con-
ductor C1299; and from the link conductor C1290
by way of RA4I3, RA432, RA442, RALIT, C1312,
RATS5;, and C1338 to ground in the code inter-
rupter apparatus-1000. The ring cut-off relay
R450 and the remainder of the apparatus oper-
ate as described above.
In signaling the second, third, fourth, or fifth
telephone stations in the second group of tele-
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phone stations ¢onhected to a.selected line, one
of the code selecting digits 7, 8, 9, and 0, respec-
tively, is dialed. As each of these code selecting
digits comprises more than six impulses, the gen-
erator reversing relay R440 is caused to. operate
to prepare a path for applying coded ringing cur—

rent to the link conductor C1290, as expla‘ned .

above. At the end of the digit, ground is re-
moved from the impulsing lead C1292, causing
one of the counting relays R160, R170, R180, or
R190, respectively, in the counting relay network,
to be locked energized in series with one of the
associated relays R830, R820, R810, or R830,
respectively, as previously explained. The ap-
paratus including the code interrupter apparatus
1009 is operated as described above and the coded
ringing current applied to the selected one of
the conductors CI1331, C1336, C1335 or CI1334 is
conducted to-the link conductor C1290 in a man-
ner similar to that described above, the one of
the enumerated conductors which is connected
to C1280 depending upon which of the code se-
lecting digits 7, 8, 9 and 0 is dialed. The circuit
from the conductor CI1337 extends by way of
RAT64, C1313, RA442, RA432 and RA4I3 to the
link conductor C1298; the circuit from the con-
ductor C1336 extends by way of RATTA, Ci312,
RA4IT, RA44A2, RA432 and RA413 to the link

conductor C1290; the circuit from the conductor

C1335 extends by way of RA186, C1313, RA4A2,
RA432 and RA413 to the link conductor C1290;
and the circuit from the conductor C1334 extends
by way of RAT95, Ci1312, RA4IT, RA442, RA432
and RA413 to the link conductor C1290. The
remainder of the apparatus operates as previ-
ously described. . .

From the foregoing description, it is apparent
that upon dialing the code digits 1 to 5, inclusive,
corresponding coded ringing currents are applied
to the link conductor Ci28( in order to actuate
the ringers of the first group of five telephone
stations, the called telephone station being indi-
cated by the character of the code ring, and upon
dialing the code digits 6 to 0, inclusive, corre-
sponding coded ringing currents are applied to
the link conductor C1290 in order to actuate the
ringers of the second group of five telephone sta-

.tions. the called telephone station being indi-

cated by the character of the code ring.

Selecting an idle inter-office trunk line in the
connector switch

With the arrangement illustrated, as many as
five lines in each of the second and third 10-line
groups of lines terminated in the connector switch
500 may be utilized as inter-office trunk lines,
equipment being illustrated for utilizing the first,
second and third lines in the second 10-line
group, and for utilizing the first and second lines
in the third 10-line group as inter-office trunk
lines. In extending a connection to an idle one
of the inter-office trunk lines in the second 10-
line group, the digit 0 is dialed at the telephone
station initiating the call; and in extending a
connection to an idle one of the inter-office
trunk lines in the third 10-line group, the digit

9 is dialed at the telephone station initiating the .

call. :

Assuming that the connection is to be extended
to one of the inter-office trunk lines in the second
10-line group, the digit 0 is dialed. At the end
of the digit ground is removed from the impuls-
ing lead C1292, causing the counting relay R730

"’in the counting relay network to be held ener-

gized in series with the relay R830, Shortly
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after ground is removed from the impulsing lead
C1292, the slow-to-release relay R800 restores to

. complete the operating circuit for the gang re-

lay R5179, individual to the second 10-line group,
this circuit extending from ground at RA323 by
way of the-conductor C1300, C1343, RA804,
RC806, RA837, CI1348, RA4T1, CI320, RA193,
C1319, RA466, the conductor CI303 in the cable
C1315, and the winding of R570 to battery.
Upon operating, the gang relay R510 closes its
contact springs to connect the inter-office trunk
lines 21, 22 and 23 to the armature springs of the
connector unit relays and completes the operat-
ing circuit for the busy relay R420, this circuit
extending from battery at R420 by way of RA472,
C1351, the contact springs of the gang relay R578,
the conductor C1303 in the cable C1315, RA46S,
C1319, RAT93, C1320, RA4T1, CI348, RAS83I,
RC806, RA804, and C1343 to the grounded con-
ductor C1300. Upon operating, the busy relay gp
RA420 completes the above traced path for short-
circuiting the upper winding of the tens relay
R410. Thereafter and when the operating circuit
for R570 is opened through the restoration of the
counting relay R190, the upper winding of the g5
relay R470 is energized in series with R510, caus-
ing R410 to operate and R570 to remain operated.
The tens relay R410, upon operating, completes
at RAS473 a holding circuit for itself, this circuit
extending from battery at R418 by way of the gg
lower winding of R470, and RA413 to the ground-
ed conductor C1300, At RA4T1 and RA4T2, the
relay R410 completes a holding circuit for the
gang relay R570, this circuit extending from
ground at RA4TI by way of RA412, CI351, the g5
contact springs of R570, and the winding of R570
to battery. At RA472, the relay R410 interrupts
the operating circuit of the busy relay R420,
causing the latter relay to restore. ’
Simultaneously, with the operation of the gang 4q
relay R570, one of the unit relays R560, R550 or
R540 in the connector switch 500 is caused to op-
erate to select an idle one of the lines 21, 22 or
23. For example, if none of the lines 2f to 23,
inclusive, is busy, the unit relay R560 is ener~ ;x
gized over a circuit extending from ground at
RA489 by way of RA464, CI1219, RAT9I, CI3I6,
RA461, C1329, the contact springs of the gang
relay R570, C1376, RA1101, CI370, and the wind-
ing of R560 to battery. Upon operating, the unit 50
relay R560 connects the link conductors C1281
and C1290 to the conductors Ci200 and Cl201,
respectively, of the line 21 in the cable C1252, the
link conductor C128( being connected by way-of
RAS501, C1365, RAS61, and the contact springs of 85
the gang relay R510 to the conductor ci2oe,
and the link conductor C1290 being connected by
way of RAS02, CI367, RAB63, and the contact
springs of the gang relay R570 to the conductor
C1201. The unit relay R560 also connects the gg
control conductor C1858 to the control conductor
C1202 of the line 21, thereby preparing a circuit
for marking the line 2{ as busy, this circuit ex-
tending from the control conductor CI3%8 by way
of RA503, C1367’, RA565 and the contact springs @3
of the gang switch R$10 to the conductor C1202.
Also, the unit relay R560 completes at RASET a
circuit for operating the ring pick-up relay R430,
this circuit extending from battery at R430 by
way of the winding of R430, RA485, CIi360, 70
RAS561,C1370, RA1101, CI316, the contact springs
of the gang relay R570, C1328, RAASI, CI316,

'RAT91, C1219, and RA46§ to ground at RA48Y,

Upon operating, the ring pick-up relay R438 pre- -
pares at RA434 and RA435 a path, traced herein- 75
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after, for short-circuiting the lower winding of
the units relay R480.

When the gang relay R570 and the unit relay
R560 operate a circuit is completed for energizing
the upper winding of the switching through re-
lay R360, this circuit extending from battery at
R350 by way of the upper winding of R350,
RA3G8, Ci294, RA416, CI1330, RAT96, CIi328,
RA4GI, CI316, RATII, CI219 and RA464 to
ground at RA489. When its upper winding is
energized the switching through relay R350 only
partially -operates to complete at RA359 a path
for ‘short-circuiting its lower winding, this path
extending fromthe grounded conductor C1300
by way of RA359 and the lower winding of R350
to ground as extended te RA358 over the circuit
just traced. At RA360, the relay R350, upon par-
tially operating, completes the above-mentioned
path for short-circuiting the lower winding of
RA48), this path extending from the crounded
hold conductor C1300 by way of RA360, Ci30l,

-RA43%, RA434, the lower winding of R480, C1360

to ground as extended to RAS6T.

When the operated counting relay subsequently
Testores the paths short-circuiting the - lower
winding of R480 and the upper winding of R479
are interrupted, permitting the lower winding of

- RA8D to be energized in series with the winding
~ of the unit relay R560 and the upper winding of

40

- stantial time interval before the operation of

4
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R410 to be energized in series with R570, as ex-
plained above. The relay R480 now operates to
complete at RA486 a holding circuit for itself,
this extending to the grounded conductor C{300.
At RA484 and RA4S85, the relay R480 completes
a circuit for holding the unit relay R560 operated,
this circuit extending from ground at RA484 by
way of RA485, C1360, RA567 and the winding of
R560 to battery. At RA485, the relay R480 in-
terrupts the operating cireuit of the ring pick-up
relay R430. The two relays R470 and R480 are
s0 adjusted that the relay RA4T0 operates a sub-

R480 occurs. At RA&TI and RCA412, this relay
RA410 opens a point in the above-traced operating
circuit for the busy relay R420, causing the last~
named relay to restore to open at RAS2I( 3 point
in its holding circuit hefore the units relay RA480
operates to complete this circuit at RA48i. At
RAM4TS, the relay R410 opens a point in the path
short-cireuiting the lower winding of R350, per-
mitting the two windings of the last-named relay
to be energized in series. The switching through

relay R350 now completes its operation-to inter-

rupt at RA383 a point in the operating circuit
of the link releasing relay R300; to complete at
RA356 a path in multiple with the armature
RA321 of the hold relay R320 and extending from

ground at RASDN4 by way of RA356 to the con- -

ductor Ci25( in order to retain the finder switch
200 operated after the hold relay R320 restores:
and to prepare at RA35T a path for marking the
line 21 as busy. o
Also upon operating, the toll switch relay R350
connects at RA3SS( and RA354, respectively, the
link conductors C1261 and CI263 to the link con-
ductors C1281 and C1290, respectively.. At this

“time, the calling telephone station is connected

by way of the calling line and the finder switch

200 to the link conductors C1261 and C1263, the -
link conductor C126i being connected by way of

RA352, RA35(, the link conductor Ci281, the
connector switch 500, the line conductor Ci208
of the line 21 in the cable C1252 to the repeater
181, and the link conductor C1263 being connect-
ed by way of RA355, RA354, the link conductor

25

C1290, the connector switch 500 and the conduc-
tor C1201 of the line 21 in the cable C1252 to the
repeater 181. The control conductor C{202 of
the line 21 is grounded, thereby marking the line
21 as busy; over a path extending from the
grounded conductor CI1300 by way of RA357,
C1293, C1358 and the connector switch 500 to
the control conductor C1202 of the line 2i.

When the control conductor C1202 of the line
21 is grounded, a circuit is completed for energiz-
ing the cut-off and lock-out relays RI05 and
R100, respectively, individual to the line 21, this
circuit extending from battery at R100 by way
of the winding of R100 and the winding of R{05
to the grounded control conductor C1202. The
cut-off relay RI05 now operates to interrupt at
RAI06 and RAI07 the operating circuit of the line
relay RU10. The lock-out relay %100 operates to
interrupt at RAI02 and RA103 further points in
the start circuits extending to the common equip-
ment illustrated in Pig, 6. .

Also, when the switching relay R350 operates
to switch the calling subscriber line through to
a selected trunk line, it interrupts at RA352 and
RA355 the operating circuit of the line relay
R310. The line relay R3t0 now restores and in-
terrupts at RA31{ the holding circuit of the link
impulsing relay R305, which latter relay restores
and completes at RA307 the operating circuit of
the relay R3!5. 'The relay R315 operates and in-
terrupts at RA316 the holding circuit of the hold
relay R320, causing the last-named relay to re-
store and remove ground at RA322 from the con-
ductor C1300 and the conductor C1264 connected
thereto. EHowever, before the hold relay R320
‘restores to remove ground at RA323 from the
conductor C1300, the line and hold relays con-
vertionally provided in the repeater {87 operate
to return ground to the conductor Ci300, this
‘path extending by way of RA35T, C1293, C1358,
the connector switch 500, and the control con-
ductor C1202 of the line 21 in the cable C{252
to ground in the repeater i187. When the toll
switch relay R350 operates to conneéct the calling
telephone station through to the trunk line 21,
the repeater 187 operates to switch the calling
subscriber’s loop circuit through to the automatic
switching equipment in the distant -exchange 185,
Since ground is retained on the hold conductor
C1300 independently of the hold relay R320, the

_Switching through relay R350 remains operated

after R320 restores. Also, the switching through
relay R350 retains ground at RA356 upon the
conductor Ci1251, thereby to maintain the oper-

- ated one of the finder gang relays R270, R280,

etc., the operated one of the finder unit relays
R200, R205, etc., and the finder group unit relay
R225, if operated, in their respective operated
positions. .

At this time, the circuit from the calling tele-
phone station extends-by way of the calling line,
the finder switch 200, the link 309, the connector
switch 500, the repeater 187, and the line 21 to
one of the finder switches, such, ior example, as
the finder switch 180, and through. the operated
finder switch to the connector switch associated
therewith. Assuming the finder-connector link
180, 181 is assigned to the use of the line 21, the
connection may be extended by way of the con-
nector switch 181 to the called telephone station
"A by dialing the proper digits into the connector
switch (81 in the usual manner, thereby com-
pleting a loop between the calling telephone sta-~

tion and the called telephone station A, and ren-.

dering the release of the apparatus under the
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control of the called telephone station A in a
manner well understood in the art.

When the lock-out relay R100, individual to the
line 21, operates, it completes at RA104 a circuit

- for energizing the. slave relay R1180 embodied in

the apparatus for selecting the next idle inter-
office trunk line in the second 10-line group for
use when the next inter-office trunk call is re-
ceived, this circuit extending from ground at

RAIO4 by way of CI380 and the winding of

RII80 to battery. Upon operating, the relay
RI1180 completes at RAII81 circuits for energiz-
ing the relays R1100 and R11 10, the operating cir-
cuit of the relay R1100 extending from ground at
RA1181 by way of the winding of RI100 to bat-
tery, and the operating circuit of the relay R1110
extending from ground at RAII81 by way of
RAII83 and the winding of RII{0 to battery.
Upon operating, the relay RI100 interrupts at
RAI{81 the previously traced circuit extending
from ground at RA489 by way of C1316, RA1101
and C1310 for energizing the unit relay R560 in
the connector switch 500. This relay, namely
RI1100, also functions to interrupt the operating
circuits for the first unit relays in all of the
other connector switches, corresponding to. the
unit relay R§60 in the connector switch 580, in
order to prevent an inter-office trunk call initi-
ated while the line 21 is busy from being connect-
ed to the line 2f. Also, the relay R1100 completes
at RAI102 a point in g chain circuit, traced here-
inafter, for energizing the busy relay R420 when
all of the inter-office trunk lines 21, 22 and 23
are busy, as will be explained subsequently Upon
operating, the relay R1{10 completes at RAII (1]
an obvious holding circuit for the relays R1100
and RI110, and prepares at its armatures, indi-
vidual to the other connector switches, and cor-

' responding to the armature RAI112, individual to

65

70

k(]

the connector switch 500, circuits for operating
the unit relays in the other connector switches
corresponding to the second unit relay R$550 in
the connector switch 500. The relay RI110 also
interrupts at RAI113 a point in the above-men-
gc:!zxoed chain circuit for energizing the busy relay

Assuming that the inter-omce trunk line 21 is
.lnvolved in a connection routed thereto over an-
other link, and that an inter-office trunk call is
then routed by way of the link 300 to one of the
trunk lines in the ‘second 10-line group, at the
end of the trunk selecting digit 0 the gang relay
R570, the busy relay R420 and the upper winding

of the switching through relay R350 are simul-

taneously energized, as previously explained. In
this case the relays Rf1060 and RI110 are oper-
ated so that, when R800 restores and the relay
RJ10 operates at the end of the digit, a circuit
is completed for energizing the second connector
unit relay RS550, this circuit extending from
ground at RA489 by way of RA464, C1279, RATOI,
C1316, RA4GI, C1329, the contact springs of the
gang relay RSTB .CI376, RA(112, CI3T{, and the

‘winding of R550 to battery. Upon operating, the

unit relay RS550 connects the link conductors
Cli281 and Ci290 to the conductors of the line
22, and grounds the control conductor of the
line 22, thereby marking the line 22 as busy.
From this point on the operation of the link to
extend the connection to the trunk line 22 is
identical with that described above with reference
to the selection of the trunk line 21.”

When the line 22 is marked busy, the cut-off
and lock-out relays, individual thereto, are ener-
glzed and operate, causing the slave relay Ri{ 182
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controlled by the lock-out relay, individual to the
line 22, to be energized. Upon operating, the relay
R {182 completes at RAI(83 a circuit for energiz-
ing the relay R1120, this circuit extending from
ground at RAI181 by way of RA1183, RAI185 and
the winding of R1120 to battery. At RA1183, the
relay R1180 interrupts the operating circuit of the
relay RI110.

The relay R11{0 now restores and interrupts
at RAI11{ the holding circuit of the relay RI100,
interrupts at RA1112 the above traced operating

10

circuit for the unit relay R550, and completes at -
RAI113 a point in the above-mentioned chain

circuit for energizing the busy relay R420. Upon
operating, the relay Ri120 prepares at its arma-
tures, individual to the other connector switches,
and corresponding. to the armature RA{112{, in-
dividual to the connector switch 500, circuits for
energizing the unit relays in the other connector

switches corresponding to the third unit relay - ¢

R540 in the connector switch 500. 'The relay

13

RI1120 also interrupts at RA1i22 a point in the

chain circuit for energizing the busy relay R420.

Assuming that the inter-office trunk lines 21
and 22 are busied by other connections routed
thereto through other links and that a connec-
tion is then routed by way of the link 300 to an
inter-office trunk line in the second 10-line group,
when the .trunk select digit 0 is dialed into the

link 300, the gang relay R510, the busy relay R420, 7'

and the upper winding of the switching through
relay R350 are simultaneously energized, as pre-
viously explained. When R570 operates, the op-
erating circuit for the unit relay R540 is complet-

ed, this circuit extending from ground at RA48% 3§

by way of RA464, CI219, RAT9I, CI316, RA4GI,
C1328, the contact springs of the gang relay R§10,
C1316, RAII21, C1372 and the winding of R540
to battery. Upon operating, the unit relay R540
connects the link conductors C1281 and CI1290
to the conductors of the line 23, and grounds the
control conductor of the line 23, thereby mark-
ing the line 23 as busy. When the line 23 is
marked busy, the cut-off and lock-out relays in-
dividual thereto are energized, causing the slave
relay Ri184, controlled by the lock-out relay in-
dividual to the line 23, to be operated. Upon

operating, the relay RI1184, at RAI!(85, applies

ground to the conductor C1390. In the illustrat-
ed arrangement the conductor C1390 is open-cir-
cuited, as only the lines 21, 22 and 28 are utilized
as inter-office trunk lines. However, if the lines
24 and 25 were also utilized as inter-office trunk
lines, the conductor C1390 would.be connected
through a chain circuit to two relays succes-
sively operable to assign the lines 24 and 25, suc-
cessively, for use. The relay RI184 also interrupts
at RA1185 the operating circuit o6f the relay

RI1120, causing the latter relay to restore. Upon

‘restoring, the relay R1120 interrupts at RALI2}

the above traced operating circuit for the unit
relay’R540, and completes at RA1122 a point in
the above-mentioned chain circuit for energizing
the busy relay R420.

In the illustrated arrangement, when the lines
21 and 22 are busy, the relays R1180 and RI182,
controlled by the lock-out relays individual to
the lines 21 and 22, respectively, are operated.
The relay R1180 retains the relay R1100 operated,

and the relay RI182 retains the relay RI1120 op- 7

erated and causes the relay Ri110 to be restored.
The operated relay R1100 renders the line 2{ in-
accessible to the links; the restored. relay RI110
renders the line 22 inaccessible to the links; and

65

the operated.relay R{120 renders the line 23 ac- %
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-cessible to the links when the digit 0 is again

dialed. At this time, if the line 22 should become
idle before the digit 0 is again dialed to extend
a call to the line 23, the lock-out relay, individ-

ual to the line 22, restores and interrupts the:

operating circuit of the relay RI182, causing the
latter relay to restore. When the relay R 182
restores, it interrupts at RA1183 the operating

.circuit of the relay R1i20 and completes at

RAI[183 the operating circuit of the relay RI110.
Upon restoring, the relay RI120 renders the line
23 inaccessible to the links, and the operated
relay RI110 renders the line 22 ‘accessible to the
links. Thus, when the digit 0 is again dialed, the
calling line will be connected through to the line

.22 in preference to the line 23. In a similar man-

ner, if the line 21 should become idle before the
digit 0 is again dialed to extend a connection to
the line 23, the lock-out relay individual to the
line 2! restores and interrupts the operating cir-
cuit of the relay R1180, causing the latter relay
to restore. When the relay R 1180 restores, it in-
terrupts at RAI181 the operating circuits of the
relays RI1100 and R1120, and the latter relays
restore. Upon restoring, the relay Ri120 renders
the line 23 inaccessible to the links. Upon re-
storing, the relay RI1100 renders the line 21 ac-
cessible to the links. Thus, when the digit 0 is
again dialed, the calling line will be extended to
the line 21 in preference to the line 23.

Also. when the line 21 is busy, the relay RH 80,
controlled by the lock-out relay individual to the
line 21, is operated. The relay R1180 retains the
relays R1100 and RI110 operated. The operated
relay R1100 renders the line 21 inaccessible to the
links, and the overated relay Ri140 renders the
Jine 22 accessible to the links and retains at
RAL1{ the holding circuits of the relavs R1i00
and R!110 completed. At this time, if the line 21
should become idle before a connection is ex-

tended to the line 22 on another inter-office trunk

call. the lock-out relay individual to the line 21,
restores and Interrupts the. operating circuit of
the relay R{180, causing the latter relay to re-
store. When the relav R1180 restores, it inter-
rupts at RAII8{ the operating circuits of the
relays RI1100 and RI(10. However, these relays
do not restore as the holding circuits of the relays
RIIO0 and RIII0 are retained completed at
RAI{11 by the relay R 1{10. Thus. when another
inter-office trunk call is initiated. the call will be
extended to the line 22 in spite of the fact that
the line. 21 is idle. . o

When each of the lines 21, 22 and 23 is busy.
the lock-out relavs individual thereto are all
operated to hold the relavs R{i80, RII82 and
RI184 onerated. At this time, the relay R1{180
retains the relav Rif 100 operated, and the relays
RI182 and RI{85 hold the relays RII10 and
R1120 in restored position. The operated relay
RI100 and the restored relays RLIIO and RI120

" complete at RALI02, RAI{13 and RA 122, respec-
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tively, points in the chain circuit for energizing
the busy relay R420 when a fourth inter-office
trunk csll is initiated. If another trunk call is
initiated while all of the lines 21, 22 and 23 are
busy, busy tone current is applied to the calling
subscriber’s loop circuit. With the link illus-
trated, for example, this is accomplished by the
substantially simultaneous energization of the
gang relay R5§70 and the units relay R486. The
operating circuit of the gang relay R570 extends
from ground at RA323 by way of C1300, C1343,
RAB804, RC806, RAB83T, C1348, RAS4TI, Ci320,
RAT83, CI319, RA466, the conductor C1303 in the
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cable CI1315 and the winding of R510 to battery.

When the gang relay R510 operates, it completes

the operating circuit of the busy relay R420. The

circuit for energizing the busy relay R420 extends
from battery at R420 hy way of the winding of

-R420, RAAT2, C1351, the contact springs of R570,

the conductor C1303 in the cable CI 315, RA466,
C1319, RA7193, CIi320, RAA4TT, CI1348, RA831,
RC806, RAB04 and CI1343, to the grounded hold
conductor 1300. The circuit’ for energizing the
units relay R480 extends from ground at RA1122
by way of RAII13, RA(102, CI36{, the operated
armature RA5TI of the gang relay R570, C(383,
RAAT8, RA46S, CI311, RAT182, CI1311 and the 1ip-
per winding of R480 to battery. Upon operating,
the units relay R480 completes at RA486 its hold-
ing circuit, prepares at RA48 a point in the
holding circuit of the busy relay R420, and in-

terrupts at RA489 a point in the common portion

of the operating circuits for the switching through
relay R350 and the connector unit relays R560,
R550, etc. Upon operating, the busy relay R420
completes at RA421 its holding circuit extending
from ground at RA42{ by way of RA48(, Cl280,

RA324, C1280’ and the winding of R420 to bat-

tery. The busy relay R420 also completes at
RAA424 a connection between the link conductor
C1281 and the busy tone lead C1351, thereby to
apply busy tone current from the busy and dial
tone apparatus 840 to the loop extending to the
calling subscriber’s loop circuit. As previously
explained, the busy tone generated by the receiver
of the telephone instrument at the calling tele -
phone station, indicates to the calling party that
the desired connection cannot immediately be
obtained,

It will be noted from the foregoing descrip-
tion that the units relay R480 operates before the
tens relay R470 in those instances where all of
the inter-office trunks 2 {, 22 and 23 are busy, and
upon operating remains locked energized over its
holding circuit to maintain the holding circuit
completed for the busy relay R429 and to hold the
common portion of the circuits for energizing
the upper winding of.the switching through re-
lay R350 and for energizing the connector unit
relays open at RA489. With the relay R486 op-
erated the subsequent operation of the tens relay
is without effect in so far as the two relays R350
and R420 are concerned. More particularly,
when the operated counting relay R190 and the
operated relay R830 restore to interrupt the path
short-circuiting the upper winding of the tens
relay R41T0, the last named relay operates to com-
plete its holding circuit and the previously traced
holding circuit for the connector gang relay R570.
At RAAT2, the relay R410 opens a point in the
operating circuit for the busy relay RA420, but the

busy relay is now held energized over its hold--

ing circuit. At RA476, the relay R4T0 opens &
further point in the circuit for energizing the
switching through relay R350. Thus, the busy
relay is held operated to return busy tone to the
calling subscriber, and the switching through re-
lay is prevented from operating. to switch the
calling line through to a busy inter-office trunk
line.

From the foregoing description, it will be ap-
parent that when a calling subscriber dials the
digit 0 the connection is extended from the call-
ing telephone station to an idle one of the inter-
office trunk lines 21, 22 or 23, or, if all of the
enumerated trunk lines are busy, busy tone is re-
turned to the calling subscriber. Moreover, the
lines 24, 22 and 23 are successively assigned for
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use through the operation of the apparatus in-
cluding the relays R1100, RI1110 and RI120.
Assuming that a connection is to be extended
by way of the link 300 to one of the inter-office
trunk lines in the third 10-line group, the digit 9
is dialed at the calling substation, and at the end
of the digit ground is removed from the im-
pulsing lead CI1292, causing the counting relay
R180 in the counting relay network to be held
energized in series with the relay R8I0 over a
circuit including Ci321. Shortly after ground is
removed from the impulsing lead Ci292, the
slow-to-release relay R800 restores to complete
the operating circuit for the connector gang re-
lay R580, individual to the third 10-line group,
this circuit extending from ground at RA323
by way of the conductor CI1300, C1343, RA80T,
RCS808, RA8I8, Ci341, RA 419, Ci322, RATS3,
C1321, RA463, the conductor C1304 in the cable

20 C1315 and the winding of R580 to battery. Upon
~ operating, the gang relay R580 closes its contact
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springs to connect the inter-office trunk lines 31
and 32 to the armature springs of the connector
unit relays, and to complete the operating circuit
for the busy relay R420 as previously explained,
this circuit extending from battery at R420 by
way of RA4T2, C1857, the contact springs of the
gang switch R580, the conductor C1304 in the
cable C1315, RA463, CI1321, RAT83, C1322, RA4TY,
C1347, RA8!8, RC808, RA80T and C{343 to the
rounded conductor C1300. Upon operating, the
busy relay R420 short-circuits the upper winding
of the tens relay R410 as previously explained.
“When the connector gang relay R580 operates,
a circuit is completed for energizing one of the
connector unit relays R560 and R550 in order to
seize a previously selected idle one of the trunk
lines 3{ or 32. If neither of the lines 31 or 32 is
busy, a circuit is completed for energizing the
unit relay RS560, this circuit extending from
ground at RA489 by way of RA464, C1279, RA181,
CI1316, RA46I, C1329, the contact springs of the
gang relay R580, C1371, RAI131, C1370 and the
winding of R560 to battery. Upon operating, the
unit relay R568 connects the link conductors
C1281 and C1290 to the conductors CI206 and
C1201, respectively, of the line 31, The unit re-
lay R560 also connecis the control conductor
C1358 to the control conductor C1208 of the line
31, thereby to mark the line 31 as busy. Also, the

unit relay R560 completes at RA567 the previous- -

ly traced circuit for energizing the ring pick-
up relay R430. The ring pick-up relay R430 now
operates to prepare the above-traced path- for
short-circuiting the lower winding of the units
relay R480 in the manner vreviously described.

Simultaneously, with the completion of the op-
erating circuit for the gang relay R580, a cir-
cuit is completed for energizing the switching
through relay R350, this circuit extending from

. battery at R350 by way of the upper winding

€5

70

of R350, RA358, C1294, RA4T6, C1330, RATST,
CI1329, RA46I, CI316, RAT8I, C1279 and RA4S4
to ground at RA489. The switching-through re-
lay R358 now partially operates to short-circuit
its lower winding and to complete the path for
short-circuiting the lower winding of R480, as
previously described. .

Shortly following the partial operation of R350, -

the counting relay R180 restores to interrupt the
paths short-circuiting, respectively, the upper

winding of R410 and the lower winding of R480 .

in the manner described above. The relay R470
is now energized in series with R580 and operates

‘to complete its ‘holding circuit to complete the
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holding circuit for R580, and to open the path
short-circuiting the winding of R350, all in the
manner set forth above. The relay R350 now
completes its operation. Shortly following the
restoration of the busy relay R420, the units relay
RA480 operates to complete its holding circuit, to
complete the holding circuit for R563, and to open
the operating circuit for the pick-up relay RA430,
causing the last-mentioned relay to restore.
When the switching-through relay operates the
calling subscriber’s loop circuit is switched
through, by way of the link line conductors C1281
and C1290, to the repeater 188. This repeater
operates in a well known manner to extend the
connection to the automatic switching equipment
184 in the distant exchange 186, and to return
ground over the control conductor CI208 of the
se‘zed trunk to hold the link 300 operated in the
manner described above with reference to the
operation of the apparatus to extend a connection
by way of the trunk line 2. .
When the switching-through relay R350 oper-

" ates, it interrupts at RA352 and RA355 the oper-

ating circuit of the line relay R3{0. The line
relay R310 then restores to open the holding cir-
cuit for the hold relay R320, causing the last-
mentioned relay to restore and remove multiple
ground from the hold conductor Ci300 and the
control conductor C1264 connected thereto. Be-
fore the hold relay R320 restores to remove
ground at RA323 from the conductor C1300, how-
ever, a path is completed for maintaining ground

“on the conductor C1390 independently of the hold

relay, this path extending by way cf’ RA351,
C1293, C1358, the connector switch §00 and the

_control conductor C1208 of the line 31 to ground

in the operated repeater 188.

When the control conductor C1208 of the line
31 is grounded, an operating circuit is completed
for the cut-off and lock-out relays R135 and R130,
respectively, individual to the line 31, this circuit
extending from battery at RI130 by way of the
winding of R130 and the winding of RI30 in series
to the grounded control conductor C1208. The
cut-off relay R135 operates to open at RAI38 and
RAI131 points. in the operating circuit of the line
relay R140, thereby to prevent the operation of

. the line relay Ri40 to complete the start circuits

extending to the common equipment illustrated
in Fig. 6. The lock-out relay R 130 operates to
interrupt at RA132 and RAI33 further points in
the start circuits noted.

Following the operation of the repeater. 188 to
extend the connection to the exchange 86, the
connection may be further extended to the desired
called telephone station, as for example, the sta-
tion C, by dialing the proper digits into the auto-
matic switching equipment 184 in the usual man-
ner. The release of the operated link is initiated

when the connection is cleared out to cause the
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repeater 188 to remove ground from the control -

conductor C1208.  ‘When ground is removed from
this conductor, ail of the operated relays in the
1link are caused to restore in the manner described
previously. - .

During the operation of the apparatus to ex-
tend a connection by way of the trunk line 31 and
when the lock-out relay Ri30, individual to the
line 31, operates, it completes at RA134 a circuit
for energizing the slave relay R1186, embodied in
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the apparatus for selecting for use the next idle

inter-office trunk line in the third 10-line group,
this circuit extending from ground at RAI34 by
way of C1381 and the winding of R1186 to bat-
tery. Upon operating, the relay Ri 186 com-
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pletes at RA1187 obvious circuits for energizing
the relays RI1130 and R1140, the operating cireuit
of the relay R1130 extending from ground at
RAII8T by way of the winding of RI130 to bat-
tery, and the operating circuit of the relay RI140
extending from ground at RA(18] by way of
RAI18% and the winding of R1140 to battery.
Upon operating, the relay R1130 interrupts at
RAI(31 the previously traced circuit, extending
from ground at RA489 by way of CI371, RAII131
and CI310, for energizing the unit relay R560
In the connector switch 500. It will be under-
stood that the circuits for operating the unit
relays in all of the other connector switches cor-
responding to the unit relay R560 in the connéctor
switch 500 are similarly interrupted in order to
prevent the busy line 31 from being assigned to
the use of another link on a succeeding trunk call.
The relay RI130 also completes at RAfI32 g
point in the chain circuit for energizing the busy
relay R420 when both of the inter-office trunk
lines 31 and 32 are busy, as will be explained sub-
sequently. Upon operating, the relay R {40 com-
Dletes at RAf{4l an obvious holding circuit for
the relays R1130 and Ri140, and prepares at its
armatures, individual to the other connector
switches, and corresponding to the armature
RA(142, individual to the connector switch 500,
circuits for energizing the unit relays in the other
connector switches corresponding to the second
unit relay R550 in the connector switch 500. The
relay RI140 also interrupts at RAI143 a point in
the chain circuit for the busy relay R420.
Assuming' that the inter-office trunk line 31 is
involved in a connection routed through another
link, that a connection is then routed by way of

‘the link 300-to an inter-office trunk line in the

third 10-line group, and that the line 32 is idle,
when the digit 9.is dialed at the calling substa-
tion, the gang relay RS580, the unit relay R550,
and the switching-through relay R350 are caused
to operate in the manner previously explained.
Following the operation of the three relays noted,
the control apparatus: in the link causes the con-
nection to be forwarded by way of the trunk line
32 to the distant exchange in 3 manner substan-
tially similar to that set forth above with refer-
ence to the operation of the apparatis to extend
a connection by way of the line 81. In this case,
the operating circuit for the unit relay extends
from ground at RA489 by way of RA4G4, C1218,
RAT8I, CI316, RA4GI, C1329, the contact springs
of the gang relay R580, C18T71, RA1{42, C1371 and
the winding of R550 to battery. Upon operating,
the unit relay R550 grounds the control conductor
of the line 32, thereby marking the line 32 as

" busy. When the line 32 is marked busy, the cut-
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off and lock-out relays, individual thereto, are
operated, causing the slave relay R{I88, con-
trolled by the lock-out relay individual to the
line 32, to be operated. Upon operating, the relay
R 1188 completes at RAI189 a path for applying
ground to the conductor C(391. In the present
instance, the conductor C1391 is open-circuited,
as only the lines 3/ and 32 are utilized as inter-
office trunk lines: However, if the lines 33, 34
and 36 are also utilized as inter-office trunk
lines, the conductor C139f would be connected
through a chain circuit to three relays succes-
sively and individually operable to select the lines
33, 34 and 35, respectively, for use. The relay
R1188 also interrupts at RAI89 the operating
circuit of the relay R1140, causing the latter relay,
to restore. Upon restoring, the relay RI140 in-
terrupts at RA(14(1 the holding circuit of the
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relay Rmov; Interrupts at its armatures corre-
sponding to and including RA(142 the cperating

circuits extending to the respective second con-

nector unit relays provided in the various links;

and completes at RA! {43 a point in the chain cir--

cuit for energizing the busy relay RA420.

_From the foregoing description it will be seen
that, when the lines 31 and 32 become busy, the
relays RI186 and R{188, controlled by the lock-
out relays individual to the lines 31 and 32, are
operated. The relay RII(86 retains the relay
R1130 operated, and the relay RI188 retains the
relay RI140 restored. The operated relay RI(30
renders the line 31 inaccessible to the links, while
the restored relay R1140 renders the line 32 in-
accessible to the links. At this time, if the line
32 should become idle before a trunk call to a line
in the third 10-line group is initiated, the lock-out
relay, individual vo the line 32, restores and in-
terrupts the operating cireuit of the relay R1188,
causing the latter relay to restore and complete
at RA1I89 the operating circuit of the relay
R{140. Therelay R1140 then reoperates to render
the line 82 accessible to the links. On the other
hand, if the line.3! should become idle before
& trunk call to a line in the third 10-line group is
initiated, the lock-out relay, individual to the line
31, restores and interrupts the operating circuit
of the relay RI186, causing the latter relay to re-
store and interrupt at RA(187 the operating cir-
cuit of the relay R1130. The relay RI130 then
restores to render the line 31 accessible to the
connector portions of the various links. If the
line 3f should become idle at a time when the
line 32 is jdle, the lock-out relay, individual to

_ the line 81, restores and interrupts the operating

circuit of the relay R1186, causing the latter relay
to restore. When the relay R1186 restores, it in-
terrupts at RA1187 the operating circuits of the
relays R1130 and RI140. However, these relays
do not restore, as the holding circuits of the re-
lays R1130 and R1140 are retained completed at
RAI141 by the relay R1140. Thus, when the trunk
select digit 9.1s again dialed at a calling:telephone
station, the connection will be routed by way of
line 32 in spite of .the fact that the line 34 is idle.’

" When both of the lines 3f and 32 are busy, the
lock-out relays individual thereto are operated
to retain the relays RI186 and R1188 operated
in the manner described above. At this time,
the relay R1186 retains the relay 1130 operated,
and the relay Ri{88 retains the relay R1140 {n
restored position. The operated relay R(130 and
the restored relay R1140, at RAI132 and RAI 143,
respectively, maintain prepared the chain circuit
for energizing the busy relays respectively pro-
vided in the links and corresponding to R420 em-
bodied in the link illustrated. With the appa-
ratus in this condition and if the trunk selecting
digit 9 is dialed at a calling substation, busy tone
is returned to the calling subscriber and the call-
ing subscriber’s line is not connected to one of
the busy trunk lines of the third group of lines.
The manner in which the apparatus of the link
illustrated operates to return busy tome to the
calling subscriber attempting to route a connec-
tion by way of one of the trunks 81 and 32 when
both of these srunks are busy is substantially
similar to the mode of operation, described above,
of the link when a trunk call. intended to be
routed by way of one of the trunks 24, .22 and
23, is initiated at a time when all of the trunks
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are busy. In fact, the only departure from the .

operation as described previously pertains to the
circuit over which the units relay R480 is ener-
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gized. On .a call to be extended by way of one
of the trunks 31 and 32 initiated when both of
these trunks are busy, the units relay R480 is
energized at the end of the trunk selecting digit
9, dialed at the calling substation over a circuit
extending from ground at RAI143 by way of
RAI132, C1382, RA581, C1383, RA4T8, RA4GS,
C1311, RA182, Ci317 and the upper winding of
R480 to battery. Aside from this variation, the
operation of the link circuit apparatus is so
closely similar to that set forth previously as to
be readily understandable without further ex-
planation. :

Selecting an idle P. B. X trunk line in the
_connector switch .

In the system illusirated, as many as five lines
in each of the ninth and tenth 10-line groups
terminating at the connector switch 500 may be
utilized as trunk lines extending to a private
branch exchange, equipment being illustrated for
utilizing the first, second and third lines in the
tenth 10-line group as P. B. X trunk lines. In
extending a connection from a calling telephone
station by way of the link 300 to an idle one of
the P. B. X trunk lines in the tenth 10-line group,
the number 8011 comprising the prefix digit 8,

the tens digit 0, the units digit 1, and the ring-

ing digit 1, is dialed at the telephone station in-
itiating the call; and in extending the call to an
idle one of the P. B. X trunk lines in the ninth
10-line group, the number 8911 comprising the

- prefix digit 8, the tens digit 9, the units digit 1 and
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the ringing digit 1, is dialed at the telephone sta-
tion initiating the call.

Assuming that the call is to be extended to one
of the P. B. X trunk lines in the tenth 10-line
group, the prefix digit 8 is first dialed. At the
end of the digit, the reverting call relay R400, the
prefix digit relay R340 and the prefix digit slave
relay R460 are caused to operate in the manner
previously explained. The tens digit 0 is then
dialed, and at the end of this digit when ground
is removed from the impulsing lead C1292, the
counting relay R799 in the counting relay net-
work is held energized in series by way of Ci218
with the relay R830. Shortly after ground is re-
moved from the impulsing lead C1292, the slow-
to-release relay R800 restores to.complete an op-
erating circuit for the connector gang relay
RI1170, individual to the tenth 10-line group, this
circuit extending from ground at RA323 by way
of the conducter C1300, C(343, RA804, RC806,
RAS8317, Ci348, RAA4TI, CI320, RAT93, CIi319,
RA466, the conductor CI310°in the cable CI315,
and the winding of the gang relay RI170 to bat-
tery. This gang relay operates and closes its con-
tact springs to connect the P. B. X trunk lines I,
2 and 3 to the armature springs of the connector
unit relays and to complete the operating circuit
for the busy relay R420, this circuit being similar
to that previously traced. Assuming all of the

" P.B. X trunk lines are idle, the gang relay RI170,
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upon operating, prepares, at RAHITI and RCI 113,
a circuit for energizing the first unit relay R560
when the units digit is subsequently dialed at the

-calling telephone station.

Upon operating, the bus; relay R420 completes
a path, similar to that traced previously, for
short-circuiting the upper winding of the tens
relay RA410.. Shortly after the busy relay operates
the operated counting relay R790 restores in the
manner described above to interrupt the path
short-circuiting the upper winding of the tens
relay RA410, permitting this upper winding to be
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energized in series with RI170. The relay R410
now operates to complete its holding circuit, to
complete the holding circuit for RI170, to open
the operating circuit for the switching through
relay R350, and to open the operating circuit for

‘the busy relay R420, all in the manner set forth

above. The busy relay restores to prepare, at
RA423, the path for short-circuiting the lower
winding of the units relay R480. The apparatus
is now conditioned to respond to the impulses of

10

the third or units digit dialed at the calling tele-

phone station.

Assuming that all of the P. B. X frunk lines
are idle, the unit relay RS560 in the connector
switch 500 is operated when the units digit 1 is
dialed. More particularly, at the end of the digit

when ground is removed from the impulsing lead

C1292, the counting relay R100 in the counting
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relay network is held energized in series with .

the relay R830. Shortly after ground is removed
from the impulsing lead C1292, the slow-to-re-
lease relay R800 restores to complete the op-

" erating circuit-for the connector unit relay R560,

this circuit extending from ground at RA323 by

" way of CI300, Ci1343, RA80T, RC808, RAB39,

C1341, RA4STY, RA490, C1332, RAT05, the first con-
ductor C140f in the cable C1333, C1315, RAIITI,
RCI1113, CI1319, RA1i51, CI370, and the winding
of R560 to battery.

Upon operating, the unit relay R560 connects
the link conductors C1281 and C1280 to the
P. B. X trunk line | and completes at RA567 a
circuit for energizing the ring pick-up relay RA430,
which latter relay operates to complete at RA434
and RA435 the above-traced path for short-cir-
cuiting the lower winding of the units relay R480
as previously explained. Shortly after the ring
pick-up relay R430 operates the counting relay
R7100 restores to interrupt the path short-circuit-
ing the lower winding of R480, permitting this
lower winding to be energized in series with the
winding of the operated unit relay R560. The
relay R480 now operates to complete its holding
circuit to complete the holding circuit for R560
and to open the operating circuit for the relay
R430. The apparatus is now conditioned to re-
spond to the impulses of . the fourth or ringing
digit dialed at the calling telephone station.

When the digit 1 is dialed and when ground is
removed from the impulsing lead C1292 at the
end of the digit, the relay R830 is held energized
in series with the counting relay RT00 over a
holding circuit extending from battery at R100 by
way of the winding of R180, RA103, Ci1218, the
winding of R830, RC826, RA824, RA834, RC835,
C1349, RA488 and RAA454, to the grounded con-
ductor C1300. Shortly after ground is removed
from the impulsing lead C1282, the slow-to-re-
lease relay R800 restores, and an operating cir-
cuit is completed for the switching relay R410,
this circuit extending from ground.at RA323 by
way of the conductor Ci1300, C1343, RA804, RC80S,
RAB3T, CI1348, RA4ATI, RA48T, RA426 and the
winding of R410 to battery.

The relay R410 now operates to complete at
RA&18 its previously traced holding circuit, to
complete at RA418 the previously traced op-
erating circuit of the ring pick-up relay R430, to
complete at RA419’ the previously traced start
circuit extending to tlie code interrupter appara-

tus 1000, to ground at RA416 the control conduc-.

tor C1358, thereby to mark the P. B. X trunk line
1 as busy, and to prepare at RA4II and RA4I2
a path for applying ringing current to the se-
lected called line.
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When the ring pick-up relay R430 operates, it
interrupts at RA436 its original operating cir-
cuit, completes at RA#36 and RA#33 its previous-
1y traced holding circuit under the control of the
ring cut-off relay R450, interrupts at RA31 and
RA432 points in the operating circuit of the
called party answer relay R365, and prepares at
RAA481 and RA432, a further point in the path
for conducting ringing current to the called line
and the previously traced circuit for energizing
the ring cut-off relay R450.

Upon operating, the code interrupter appa- .

ratus 1000 grounds the start lead C1352 to in-
itiate the operation of the ringing apparatus
850. Upon operating, the ringing apparatus 850
applies ground to the conductor C1355 and pul-
sating battery to the conductor CI354 in order
to control the operation of the code interrupter
apparatus 1000. The code interrupter apparatus
1600 operates to apply ringing currént to the
conductor C(338, which ringing current is ex-
tended by way of the link conductor C1281 and
one of the line conductors of the selected called
line to the private branch exchange to signal
the operator thereat in a well-known manner.

When the call is answered at the operator's .
.telephone station of the P. B. X, 3 talking loop

is completed between the calling and operator’s

telephone stations, this loop by way of the oper-

ated link 300. When the P. B. X operator an-
swers, a circult similar to that previously traced
is completed for energizing the ring cut-off re-
lay RA50. The operation of the apparatus feol-
lowing the operation of the ring cut-off relay
R450 is the same as that previously deseribed.
"When the switching. relay R410 operates and

" ‘applies ground at RA416 to the control conductor
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'C1358, the cut-off and lock-out relays individual

to the P. B. X trunk line | are operated in a

manner similar fo that previously explained. -

Upon operating, the lock-out relay, individual to
the P. B. X trunk line I, completes a circuit for
energizing the slave relay R1190 embodied in
the apparatus for setting up the next idle P. B. X
trunk line in the tenth 10-line group to be seized
when the next call to be extended to a P. B. X
trunk line in the tenth 10-line group is initiated

at another telephone station. Upon operating, :

the relay R1{90 completes at RA1191 obvious cir-
cuits for energizing the relays R#150 and R 6o,
the operating circuit of the relay R1150 extend-
ing from ground at RAI19{ by way of the wind-
ing of RII50 to battery, and the operating cir-
cuit of the relay RI160 extending from ground
at RAII91 by way of RAII93 and the winding
of RI160 to battery. Upon operating, the relay
R1150 interrupts at RAI151 the previously traced
operating circuit for the unit relay R580.in the
connector switch §500. It will be understood that
the circuits for energizing the unit relays in all
of the other connector switches corresponding
to the unit relay R560 in the connector switch
500 are similarly interrupted in order to pre-
vent a call initiated at-a calling telephone station
from being connected to the line f.- Upon oper-

ating, the relay R1160 completes at RAI16f an"

obvious holding circuit for the relays RI150 and

_RI1160, and prepares at its armatures, individual

70

to the other connector switches, and correspond-

‘ing to the armature RAI162, individual to the

connector switch 500, circuits for energizing the
unit relays in the otht?r connector switches cor-
responding to the second unit relay R550 in the

- connector switch 500,

({3

Assuming that the P. B. X trunk line 1 is busy
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by a call routed thereto through another link,
and that a call is then routed by way of the
link 300 to a P. B. X trunk line in the tenth 10-
line group, when the prefix digit 8 is again
dialed, the reverting call relay R400, the prefix
digit relay R340 and the prefix digit slave relay
R460 are caused to operate as previously de-
scribed. Alsc, when the tens digit 0 is again
dialed, the gang relay R{170, individual to the
tenth 10-line group, and the tens relay RA4T0
are caused to operate in the manner described
above. When the units digit 1 is dialed, an
operating circuit for the unit relay R$50 is com-
pleted, this circuit extending from ground at
RA323 by way of Ci300, C1343, RABOT, RC808,
RA839, C1347, RA4TY, RAA90, CI1332, RAT05, the
first conductor C1401 in the cable C1333, CI315,
RAIITI, RCINT3, C1319, RAI(62, CI3T1, and the
winding of R550 to battery.

Upon operating, the unit relay R550 connects
the link conductors CI281 and Ci290 to the
P. B. X trunk line 2 as previously explained.
The unit relay R550 also completes at RA557 the
circuit for operating the ring pick-up relay R430,
which latter relay causes the units relay R480 to
operate as previously explained.

When the ringing digit 1 is dialed, the switch-
ing relay R418 and the ring pick-up relay R430
are caused to operate as previously explained.
The code interrupter apparatus {000 now oper-
ates to apply ringing current to the selected line
2. When the call is answered, the ring cut-off
relay RA50 operates as explained above.

"When the switching relay R418 operates and
grounds at RA416 the control conductor C1358,
the cut-off and lock-out relays, individual to

the P. B. X trunk liné 2, complete a circuit for -

energizing the slave relay RI11982, which latter
relay, upon operating, completes at RAI193 a
circuit for energizing the relay RI1160’, indi-
vidual to the third trunk line. The relay RI182
also interrupts at RA1193 the operating circuit
of the relay RI160, causing the latter relay to
restore. Upon restoring, the relay R!160 inter-
rupts at RA(161 the holding circuit of the relay
RI150 and interrupts at RA1162 the above-
traced operating circuit for the unit relay R550.

When the relay R{160’ operates it prepares, at
its armatures RAI162’, etc., points in the oper-
ating circuits for the respective third unit relays
provided in the various connector switches, there-
by conditioning these switches to seize the third
P, B. X trunk line in the event another P. B. X
trunk call is initiated while the first two P. B. X
trunks are busy. The manner in which the link
illustrated, for example, operates to seize this
third P. B. X trunk line is in all respects similar
to that described above with reference to the
selzure of the first P. B. X trunk line, the only
difference being that the third unit relay of the
operated connector switch is caused to operate
at the end of the units digit, rather than the
first or second unit relays- It is pointed out
that since the third P. B. X trunk line is the
last line of the P. B. X trunk group, no siave
relay, corresponding to RI190 and RII£2 for
the first two trunks, is provided in association
therewith. Hence, RI160’ is held energized
when all of the P. B. X trunks are busy and
untll the second trunk of the group becomes

~idle.

In the illustrated arrangement, when the P. B.
X lines I, 2 and 3 are busy, the relays R(190 and
RI1192, controlled by the lock-out relays individ-
ual to the two lines are operated. The relay
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R 1190 retains the relay R1150 operated, the relay
RI1192 retains the relay RI1160 restored, and the
relays R1190 and R1192 together retain the relay
RI1160’ operated. The operated relay RI1150 ren-
ders the line | inaccessible to the links, the re-
stored relay RI{160 renders the line 2 inaccessible
to the links, and the operated relay R1160" ren-

ders the third P. B. X. trunk accessible to the link,

If, with the first two trunks busy, the second line
should become idle before the number 8011 is
again dialed to extend a call to a P. B. X trunk
line in the tenth group, the lock-out relay, individ-
ual to the line 2, restores and interrupts the oper-
ating circuit of the relay RI1192, causing the latter
relay to restore, to open the operating circuit for
RI1160’ and to complete at RA1193 the operating
circuit of the relay RI1160. The relay R1160 is
then operated to render the line 2 accessible to the
links when the number 8011 is again dialed at a
calling telephone station. On the other hand, if
the line | should become idle at a time when two
or more of the P. B. X lines are busy and before
the number 8011 is again dialed to extend a call to

a P. B. X trunk line in the tenth 10-line group, the -

lock-out relay, individual to the line I, restores
and interrupts the operating circuit of the relay
R 1199, causing the latter relay to restore to inter-
rupt at RA1191 the operating circuit of the relays
RI150 and RI160’. The relays R1150 and R1160’
then restore to render the first P. B, X trunk line
accessible to the links when the number 8011 is
again dialed at a calling station. If the P. B. X
line | should become idle when none of the other
similar lines are busy, the lock-out relay, individ-
ual to the line I, restores and interrupts the oper-

ating circuit of the relay R11(80, causing the latter

relay to restore. When the relay R1190 restores,
it interrupts at RAI191 the operating circuits of

the relays RI150 and R1160. However, these
relays do not restore as the holding circuits of the’
relays R1150 and R1160 are retained completed .

at RAI161 by the relay RI160. Thus, when the
number -8011 is again dialed, the call will be
extended to the second P. B. X line in spite of the
fact that the first P. B. X line is idle.

When all of the P. B. X lines are busy, the lock-
out relays individual to lines | and 2 are operated

to retain the relays R1190 and R1(92 operated, the .

relay RI199 retaining the relay R1150 operated,
the relay Ri{192 retaining the relay R#160 in re-
stored pesition, and the relays R1190 and R{192
together retaining R1169’ operated. If, with all
of the P. B. X lines busy, the number 8011 is again

‘dialed at a calling station, busy tone current is

returned to the calling subscriber. This is accom-
plished in a manner substantially similar to that
described above with reference to the operation of
the apparatus to return busy tone to the calling
subscriber when 2 called subscriber line is tested
and found busy. More particularly, on a P. B. X
trunk call initiated when all of the trunks are

. busy and routed by way of the link illustrated, the

10
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reverting call relay RA00, the prefix digit relay
R340 and the prefix digit slave relay R460 operate
in the manner described previously when the
prefix digit 8 is dialed at the calling telephone
station. Also, when the tens digit 0 is again
dialed, the gang relay RI170, individual to the
tenth line group, and the tens relay R4T0 are
caused to operate in the manner described above.

As pointed out above, when all of the P. B. X
trunks are busy, the relay RI160’ is operated to
hold prepared an operating circuit for the third
connector unit relay R540. Also the third P. B. X
trunk is marked as busy in the connector switch

' 2,177,089

through the application of ground potential to the
control conductor thereof. With the apparatus
in this condition and shortly following the end of
the units digit dialed at the calling substation, a

circuit similar to those traced previously is com-~

pleted for energizing R540. Specifically, the oper-
ating circuit for R540 extends from ground at
RA323 by way of C1300, Ci343, RAS0T, RC808,
RA839, CI1347, RA4TS, RA490, C1332, RATO0S, the
first conductor C1401 in the cable C1333, C1315,
RAIITI, RC1113, C1319, RA1162°, CI372 and the
winding of R540. Upon operating, the unit relay
R540 completes the test circuit to the busy relay,

this circuit extending from ground as applied to’

the control conductor of the busy third P. B. X
trunk line by way of RAS545, C1361’, RABO0S,
Ci358, RA4I6, C1342, RA801, CI341 and through
the winding of the busy relay R420 to battery.
When the busy relay operates, it completes its

holding circuit and opens, at RA426, a point in the .

operating circuit for the switching relay “R410,
thereby to prevent the latter relay from subse-

-quently operating to cause ringing current to be

projected cut over the busy line. Upon-operating,

the busy relay also returns busy tone to the calling . '
From -

subscriber in the manner set forth above.
this point on the operation of the apparatus is
exactly the same as that described previously with
reference to- the selection of a busy subscriber
line.

Assuming that a connection is to be extended

"by way of the link illustrated to. one of the

P. B. X trunk lines in the ninth 10-line group,
the prefix digit 8 is first dialed at the calling
substation. Upon dialing the prefix digit 8, the

reverting call relay R400, the prefix digit relay-

R340 and the prefix digit slave relay R460 are

causad to operate as previously explained. The
tens digit 9 is then dialed, and at the end of the
digit when ground is removed from the impuls-
ing lead C1282, the counting relay R780 is held
energized in series with the relay R810. Shortly
after ground is removed from the impulsing lead
C1292, the slow-to-release relay R800 restores
to complete the operating circuit for the con-
nector gang relay R1195, individual to the ninth
line group terminated in the connector switch

500, this circuit extending from ground at RA323 -

"by way of the conductor CI300, Ci343, RAS0T,
RC808, RA8I8, CI341, RAATS, CI322, RATS8S, *

Ci321, RA463, the conductor C1309 in the cable
C1315, and the winding of the gang relay Ri18§,
individual to the ninth 10-line group, to battery.
This gang relay operates and closes its contact
springs to connect the P. B. X trunk lines 91, 82,

.
~

etc., to the armature springs of the connector -

unit relays, and completes the operating circuit
for the busy relay R420 in a manner similar to
that previously explained. Also, upon operating,
the gang relay at RAI196 disconnects the con-
ductor C1315 from the conductor C1318 and con-
nects it to the conductor CI1381 to prepare an
operating circuit for theconnector unit relay
R560, this circuit extending by way of apparatus
(not shown) for hunting an idle P. B. X trunk
line in the ninth 10-line group.

Following the operation of the connector gang .

relay R1195, the busy relay R420 and the teps
relay R410 are caused to bperate as explained

. above. Upon operating, the tens relay RA47T0

completes at RA413 its previously traced holding
cireuit, interrupts at RA412 the operating circuit

.of the busy relay R420, and completes at RA4TI
-and RAAT2 the holding circuit of the gang relay

10
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RI(95 in a manner similar to that previously

explained.

Apparatus for setting up idle P. B. X trunk
lines in the ninth 10-line group is provided, which
comprises relays corresponding to the relays

‘RII50, RII60 and RI160’, and to the relays
"R11306 and RI1192 embodied in the apparatus for

setting up idle P, B. X trunk lines in the tenth

10-line group. This apparatus for setting up

idle P. B. X trunk lines in the ninth 10-line
group operates in a manner identical to the

operation of the-apparatus for setting up idle .

P, B. X trunk lines in the tenth 10-line group,
and in the interests of simplifying the disclosure
has not been illustrated in detall. Since the
P. B. X trunk preselecting apparatus is identical
in each of the two cases, it is believed that the
method by which the link illustrated completes
its operation to select the first P. B. X trunk
the ninth 10-line group will be apparent with~
out further explanation. Also, the method by
which the other P. B. X trunks of this ninth
group are successively selected and taken for use
and the method of returning busy tone to a
calling subscriber, on a call Initiated when all
of the ninth group, P. B. X trunks are busy, is

"~ in all respects identical to that set forth above

30

with respect to the operation of the link on calls
to the P. B. X trunks of the tenth group.

In the apparatus for setting:up idle P, B. X
trunk lines in the ninth and tenth 10-line groups,
it will be observed that the operating circuits
for the unit relays R560, R550, R540, etc., and
extending by way of the conductor claoi include
the armature RA{1T1 of the gang relay R1170,
individual to the tenth 10-line group, and the
armature RAI196 of the gang relay R#195, in-

" dividual to the ninth 10-line group. This ar-

40
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rangement places the selection .of one of the unit

.relays R560, R850, etc., in the connector switch

500, under the conirol of the apparatus for set-
ting up idle P. B. X frunk lines in the ninth and
tenth 10-line groups, depending upon whether
the number 8911 or 8011, respectively, is dialed.
In extending a call to a telephone station con-
nected to a subscriber line such, for example, as
the lines 41, 51, 61, etc., the corresponding tens
digit is dialed in order to cause the operation of
the corresponding gang relay individual to the
10-line group. The units digit 1 is then dialed
in order to complete the operating circuit for
the unit relay- R560, this operating circuit ex-
tending from ground at RA323 by way of C1306,
Ci343, RA801, RC808, RAS839, Ci347, RA41S,
RA4390, C1332, RAT0S, the first conductor C1401
in the cable Ci333, C1315, RAIITI, RCI{T2,
C1386, RA1196, RC1i98, C1318, and the winding
of R560 to battery. In extending a call to the
private branch exchange terminating the P. B. X
trunk lines of the tenth line group, the prefix digit
8, the tens digit 0, and the units digit 1 are dialed,
in the order named. When the units digit is

- dialed, the operating circuit for one of the con-

(1

winding of R540, respectively; to battery.

nector unit relays R560, R550, etc., is completed.
As Indicated above ‘the particular one of the
unit relays which is energized depends upon
which of the P. B. X trunk lines in the tenth 10-
line group over which the call is routed is idle.
The operating circuits for the first three relays
extend from the grounded first conductor C1401
in the cable C1333 by way of CI315, RAIITE,
RCI1T3, CI318; RAIlISI, RAI162 or RAIIB2';
CI1370, Ci811 or CI312, respectively; and the
winding of R560, the winding -of RSSO, or the

are caused to operate.
.ground circuit, marking the line 20 as busy, is

In .
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extending a call to the P. B, X connected to the
P, B. X. trunk lines 81, 92, etc., the prefix digit 8
is dialed, the tens digit 91is dlaled and the units
digit 1 is dialed, causing one of the connector,
unit relays R560, R550, etc., to be energized, the .
particular oné selected, for energlzatzon depend-
ing upon which of the P. B. X. trunk lines in the
ninth 10-line group has been previously selected
for use. The circuits for energizing these relays
extend from the grounded first conductor C1401
in the cable C1333 by way of CI315, RAIIT,
RCI172, C1386, RA1196, RCI197, C1381, the ap-
paratus for preselecting P. B. X. trunk lines in
the ninth 10-line group; C1310, C137i or C1312;

and .the winding of R560, the winding of R550
or the winding of R540, respectively; to battery.

Reverting calls

In the system illustrated, a reverting call or
a call between a calling telephone station con-
nected to a given line, and a called telephone sta-
tion connected to the same line, is initiated at
the calling telephone station by dialing the di-
rectory number of the called telephone station
in the usual manner:- For example, in making
a call between the telephone station 1B connected
to the line 20 and the telephone station 2B con-’
nected to the same line, the call is initiated when
the receiver at the telephone station {B is re-
moved from its hook to cause the operation of
the line relay RI25. When R{25 operates; the
common equipment illustrated in Fig. 6 oper-
ates to cause an idle link, previously selected by
the allotter 600, to seize the calling line and to
switch the calling line through to the link cir-
cuit apparatus.

that a link has been seized and that the dialing
operation may be started. The directory num-
ber.of the called telephone station 2B compris-
ing the tens digit 2, the units digit 0 and a
code selecting digit, individual to the called tele-
phone station 2B, is then dialed."

If, for example, the link illustrated is dele-
gated by the allotter to the use of the calling
line, the gang relay R210, the group unit relay
R225 and the unit relay R220 in the finder
switch 200 operate to connect the line 20 to
the link circuit apparatus, and to ground the

control conductor C1205 of the line 20, thereby 5

marking the line 20 busy, in the manner pre-
viously explained. The path for marking the
line 20 busy extends from ground at RA323 by

10

35

The party at the calling tele- -
Phone station then receives dial tone, indicating .

45

way of Ci1300, C1264, RA228, Ci258, RA224’, and

the contact springs of the gang relay R270 to
the control conductor Ci1205 of the line 20, and
over the control conductor C1205 of the line 20

" to the contact springs of the gang relays in the

various connector switches. After the tens digit
2 and the units digit 0 are dialed, the gang re-
lay R510, the group unit relay R500 and the
unit relay R520 in the connector switch 560,
The previously traced

then extended from the contact springs of the
gang relay ER510 by way of RA526, CI1368’ and
RA503 to the control conductor C1358, and from
the control conductor Ci358 by way of RA4I6,
C1342, RA804, CI1341 and the winding of the
busy relay R420 to battery. The busy relay R420
now operates to complete at RA421 its previously
traced holding circuit, and to complete at RA427

" a cireuit for energizing the reverting call relay
.RA400. - The operating circult of the reverting.

call relay R400 extends from battery at R400
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" 'by way of the winding of R400, RA421, C1340,
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RA802, C1339, RA402, C1326, the contact springs
of the gang relay R§10 in the connector switch.
‘508, a control conductor in the cable C1252, the
contact springs of the gang relay R210 in the
finder switch 200, C{222, RA228, CI260, RA22{’,
the tenth conductor in the cable C{262, RA508,
C1374 and RAS52T to ground as extended to
C1360,

Upon operating, the reverting call relay R400
ccmpletes at RAAG!, RA402 and RA404 s hold-
ing circuit for itself, this circuit extending from
ground at RA304 by way of RA336, C1289, RA40I,
RA402, CI339, RA802, C1340, RA404 and the
winding of R400 to battery. The reverting call
relay R400 also places multiple ground at RA407
upon the conductor Ci302 in order to initiate
the operation of the c¢ode interrupter apparatus
1000, places multiple ground at RA406 upon the
conductor CI300 in order to retain the tens re-

" lay R4170, the units relay R480 and the group unit

relay R500 in the connector switch 560 operated
after the hold relay R320 restores in the manner
to be described presently. As previously ex-
plained, the tens relay R410 and the units relay
RA480 retain operated the gang relay R570¢ and
the unit relay R520 in the connector switch 500.

Following the operation of the reverting call
relay R400, the link eircuit apparatus is condi-
tioned to respond to the impulses of the code
selecting digit individual. to the called . tele-
phone station 2B. At the end of the code select-
ing digit, the one of the counting relays which
corresponds to the particular ringing code in-
dividual to the called telephone station is locked
energized in the manner set forth above, thereby
to prepare a circuit including the selected one
of the ringing current conductors for applying
ringing current to the proper side of the call-
ing line. When the code selecting digit has been
dialed, the calling party replaces his receiver
upon its associated switch hook, thereby to in-
terrupt the circuit over which the line relay R3i6
is being held energized. The line relay R3{0
now restores to interrupt the circuit over which
the hold relay R328 is being held energized.
Upon restoring, the hold relay R320 interrupts
at RA324 the holding circuit of the busy relay
R420, removes multiple ground at RA323 from
the conductor C(300 and removes ground atb
RA32( from the conductor Ci25l. When ground
is removed from the conductor CI251, the gang
relay R218, the group unit relay R225 and the
unit relay R228 in the finder switch 200 all re-
store, thereby reléasing the finder switch 200.
When the finder switch 200 is released, the cir-
cuit for holding the cut-off relay Ri20 and the
lock-out relay RiI5 energized in series, is in-
terrupted, and the cut-off relay Ri20 restores
immediately. However, the lock-out relay Ri 15,
being of the slow-to-release type does not re-
store immediately.

When the bucy relay R429 restores, it com-
pletes at RA426 a circuit for energizing the
switching relay R410, this circuit extending from
battery at R4i6 by way of the winding of R4l0,
RA426, RAALST, F.\4T1, Ci348; cne of the arma-
tures RA811, RA82T and RA831, respectively, of
the operated one and the relays R810, R820 and
R830; RC806, RA804 and Ci343, to the grounded
conductor C1300. Upon operating, the switching

relay R410 completes at RA4{8 a circuit for ener-

gizing the ring pick-up relay R430, grounds at
RA4I6 the control conductor Ci368, completes at:
RA419” the start circuit extending to the -code

_and Cl2¢0.
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interrupter apparatus 1000, and connects at

'RA411 and RA413 the link conductors C128f and

C1280 to the conductors for applying ceded ring-
ing current to the calling line and included in

the circuit for energizing the ring cut-off relay -

R450. Ringing current of the selected code is
now applied to one of the link conductors C1281
If a code digit hetween 1 and. 5,
inclusive, has previously been dialed, the ringing
current is conducted by way of the link con-
ductor C1281 and one side of the calling line to
the ringer at the calling telephone station, and
if a code selecting digit between 6 and 0 has been
dialed, the ringing current is conducted by way of
C1290 and the other side of the calling line to

“the ringer at the called telephone station.

‘When the control conductor C1358 is groimded,

- & circuit is completed for reenergizing the cut-

off relay R120 and for holding the lock-out relay
RI15 operated, thereby to mark the line 20 as

b {|

1

2

busy in the connector switches to which it extends,

this circuit extending from ground at RA416 by
way of C1358, RAS503, Ci1368’, RA526, the contact

springs of the gang relay R570, the control con-.

ductor C1205 of the line 20, the winding of R120

"and the winding of R{{5 to battery.

When the cell is answered at the called tele-
phone station 2B; the previously traced operating
circuit of the ring cut-off relay R45C is com-
pleted. Upon operating, the ring cut-off relay
RA450 interrupts at RA453 the holding circuit of
the ring pick-up relay R430, causing the latter
relay to restore. Upo~ restoring, the ring pick-up

relay R430 connects at RA431 and RAA432 the

called party answer relay R365 across the link
conductors Ci28f and Ci290. The called party
answer relay R365 now operates and completes
at RA36€ the circuit for energizing the called
party slave relay R330. Upon operating, the
called party slave relay R330 interrupts at RA336

3

4

the holding circuit of the reverting-call relay -

R400, and the latter relay restores. Upon re-
storing, the reverting call relay R400 removes
ground at RA40T from the conductor C1302,
thereby interrupting the start circuit extending

the code  jnterrupter apparatus 1000, and re-.
moves ground at RA406 from the hold conductor -

Ci300. When ground is removed from the con-
ductor C1300, the tens relay R470, the units relay
R480 and the group unit relay R500 in the con-
nector switch 500 restore. Upon restoring, the tens
relay R470 and the units relay R480 interrupt the
holding circuit of the gang relay R570 and the
unit relay R520, respectively, in the connector
switch 500, causing the latter relays to restore.
Thus, the link is entirely released and is in readi-
ness for further use.

When the connector switch 500 is released,
ground is removed from the control conductor

.C1205 of the line 20 to interrupt the circuits over

which the cut-off and lock-out relays Ri20 and
RII% are being held energized. The lock-out

-relay R115, being of the slow-to-release type, does

not restore immediately, while the cut-off relay
RI120 restores immediately. Upon restoring, the
cut-off relay RI20 connects at RA{21 and RAI22

4

the line relay RI25 to the conductors C1208 and

C1204, respectively, of the line 20, thereby com-
pleting the operating circuit of the line relay R{25.

The line relay RI25 now operates and completes -

at RA127 the holding circuit of the lock-out relay,
this circuit extending from ground at RAI2T by
way of RAIIT and the winding of Ri15 to bat-
tery. Thus, the lock-out relay R115 is held oper-
ated until the connection is cleared out. This re-

U



10

15

20

25°

30

". operate to apply code ringing current to the link. .

35

40

43

50

55

60

2,177,089

lay cooperates with the line relay R125 to hold
ground on the control conductor C1205 of the line
20, thereby marking the line 20 busy in the vari-
ous connector switches.

A reasonable time interval after the receiver at
the calling telephone station IB is replaced upon
its associated switch hook, the calling party re-

moves his receiver from its hook to ascertain - .

whether the call at the called telephone station
has been answered. Assuming that the call has
been answered at the called telephone station 2B,
a talking loop is completed between the calling
and called telephone stations IB and 2B, respec-
tively. The connection is released in an obvious
manner when the receivers at the telephone sta-
tions IB and 2B are replaced upon thelr asso-

ciated switch hooks. When this occurs the line

and lock-out relays R1%5 and RII5 are caused to
restore in an obvious manner and in the order
named. '

Operation of the alarm apparatus

The alarm apparatus 860 comprises a relay
R880 which is operated when an urgent faulty

condition appears in the telephone system, and

a relay R890 which is operated when g non-
urgent faulty condition appears in the telephone
system. The relay R880 is operated when one of
the fuse links associated with the links of the
telephone system is operated or blown and when
one of the ring pick-up relays of a link fails to

For example, if the fuse device ¥260’, associated
with the finder switch 200 in the link 300, should
be blown, a circuit for operating the relay R880
is completed, this circuit extending from battery
by way of the fuse device F260’, the lower wind-
ing of the allotter relay R260 individual to the
link 300, CI271 and the upper winding of R880
to ground. Also, if the ring pick-up relay R430

fails to operate to apply code ringing current to .

the link conductor C128{ or C1290 of the link 300,
the relay R880 is operated, this. circuit extending
from battery at the ring pick-up relay R430 by
way of the winding of R430, RA418, RA436, C1350,
the contacts of an operated relay in the code in-
terrupter apparatus 1000, C1353 and the lower
winding of R886 to ground. The relay R890 is
energized when a hot coil develops in the appara-
tus associated with the telephone system or when
the exchange battery associated with, a link of
the telephone system needs charging. When a
hot coil develops in the apparatus associated with
the telephone system, a thermo-responsive device
associated therewith completes a ground circuit
through the upper winding of the relay R890 to
battery at R890. When a battery associated with
a link of the telephone system needs charging, a
charge responsive device completes a ground cir-
cuit through the lower winding of the relay R890

to battery at R890. The alarm apparatus’ 860

also includes an audible alarm or buzzer 86 and
& plurality of control relays R863, R866, R870 and
R875. The relay R866 is normally energized over
a circuit extending from ground at R866 by way
of the winding of R866 and the resistor 862 to

" battery, and holds interrupted at RA869 an ob-

vicus operating circuit for the buzzer 861. When
a fault appears in the telephone system, causing
operation of the relay R880 or R890, a circuit, is
completed, extending from ground at RA885 or
RAB895 by way of RA8TT, RA864 and the resistor
862 to battery, thereby short-circuiting the wind-
ing of the relay R866. The relay R866 then re-
stores and completes at RA869 the operating cir-
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cult of the buzzer 861 to give an audible alarm,
prepares at RA868 and the associated contact
RC869’ a circuit for energizing the relay R810,
and completes at RA86T a circuit between the
conductors C{401’ and Ci1402’ of the line 1400
connected to a trunk line extending to an alarm
center. .

When the ecircuit between the conductors
Ci401’ and C1402' of the line 1400 is completed,
an alarm jis actuated at the alarm center over

the trunk line connected to the line 1400. When

the alarm is actuated in the alarm center, the
control conductor Ci403’ of the line 1400 is
grounded, thereby rendering the trunk line con-
nected to the line 1400 busy. - Upon grounding
the conductor C1483’ of the line 1400, the relay
R870 is operated and completes at RASTI an
obvious circuit for energizing the relay R875,
Shortly thereafter, the relay R815, being of the
slow-to-operate type, operates and completes at
RA8T6 an obvious holding circuit for itself and
interrupts at RA8TT the short-circuit around the
‘winding of the relay R866. The relay R866 re-
operates and interrupts at RA867 the circuit be-
tween the conductors CH481’ and CI 402’ of the

line 1400 connected to the trunk extending to the:

alarm center, transfers its armature RA368 from
the associated contact RC868’ to the associated
contact RC868, and interrupts at RA869 the op-
erating circuit of the buzzer 86(. When the cir-
cuit between the conductor CI1401’ and C[492" is
interrupted at the armature RA867 of the relay
R866, operation of the alarm in the alarm center
is interrupted, and the trunk line extending be-
tween the line 1400 and the alarm center is ren-
dered idle. The relay R870 then restores and in-
terrupts at RA8T{ the original operating circuit
of the relay R875. The relay R875 remains oper-
ated until the faulty condition causing the opera-
tion of the relay R880 or R890 is removed from
the telephone system.

When the trunk line extending between the
alarm center and the line 1400 is otherwise busy,

-ground is placed upon the control conductor

C1403’ of the line 1400, causing the relay R863
to operate, this -circuit: extending from the
grounded conductor C1403’ by way of RA868,
RC868’ and the winding of R863 to battery. Upon
operating, the relay R863 interrupts at RA864 the
short-circuit around  the winding of the relay
RB66, thereby preventing restoration of the relay
R866 until the trunk line extending between the
alarm center and the line {400 is idle, at which
time the operating circuit of
Interrupted, and shortly thereafter the relay
R863, being of the slow-to-release type, restores.
Upon restoring, the relay R863 completes at
RAB864 the short-circuit around the winding of
the relay R866. The relay R866 then restores in
order to actuate the alarm in the alarm center as
previously described.

Also, when the relay R880 or R890 operates,
ground at RA88I or RA89I, respectively, is placed
upon the start conductor C1314 of the busy and
dial tone apparatus 840, thereby setting' tuis
apparatus into operation, and ground at RA882
or RA8S2, respectively, is placed upon the start
conductor Ci352 of the ringing apparatus 850,

. thereby setting this apparatus into operation.

Further, the alarm. apparatus 860 includes a
line 1411 comprising conductors Ci404’, Cl405’
and C1408’ which is connected to the first line in
the first 10-line group in the connector switches.
The line {4({ is under the control of the super-
visory operator and is utilized by

the relay R863 is

the supervisory -
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operator to ascertain the operating condition of
the apparatus in the exchange 10. This line may
be connected to the telephone instrument of the
supervisory operator by dialing the supervisory
number 8111 cemprising the prefix digit 8, the
tens digit 1, the units digit 1 and the code select-
ing digit 1. Since the line 1411 connected to line
i1 is utilized only by the supervisory operator,
no line equipment is associated with line Il in
the telephone system. .

In order to ascertain the condition of the tele-
phone system, the supervisory operator dials the
supervisory number 8111 and obtains a charac-
teristic sound in the receiver of the telephone
instrument at the supervisory operator station,
indicating the operating condition of the tele-
phone system. If the system is operating prop-
erly, the supervisory operator receives an inter-
rupted tone in the receiver of her telephone in-
strument corresponding to the code digit 1.” On
the other-hand, if a faulf is present in the sys-
tem, no tone is received by the supervisory op-
erator if the fault is of the urgent type, and she
receives a continuous tone derived directly from
the ringing apparatus 850, if the fault is of the
non-urgent type.

Battery is permanently connected to the con- .

ductor C1404’ of the line f411 in order to prevent
operation of the busy relays of the links when
the supervisory number 8111 is dialed. The con-
ductors CI485’ and C1406’ are arranged to be
under the control of the relays R880 and R890,
as will be explained subsequently.

Upon dialing the supervisory number 8111, as-
suming that the link 300 is assigned for use, the
connector switch 500 operates to seize the line
1811. Now, if no fault is present in the exchange
i0, the conductors C1405’ and CI406" of the line
{411 are open-circuited. Thus, the tone current
of the ringing apparatus R850 is not gpplied to
the link conductor Ci1281 by way of the line t4t1
terminating in the connector switch 500. The
usual coded ringing current corresponding to the
code digit 1, is, however, applied to the link con-
ductor Ci1281 from the code interrupter appara-
tus 1660, as previously explained. A correspond-
ing ring-back tone current is applied to-the link
conductor CI1261 from the link conductor C128{
by way of RA4(I, the condenser C1286b, the link

‘conductor, C1286, the condenser C1286¢, the link

conductor C1283, RA4{2, the link conductor
Ci282 and RA352, as previously explained. This
ring-back tone current is conducted through the
receiver of the supervisory operator’s telephone,
thereby indicating to the supervisory operator
that no fault is present in the telephone system.

on the other hand, when the alarm in the
alarm center is actuated by way of the line 1400
connected to the trunk line extending between
the line §406 and the alarm center, the super-
visory operator may be advised that a fault is
present in the telephone system. The super-
visory operator then dials the supervisory num-
ber 8111 to ascertain the character of the fault.
If the link illustrated is assigned to the call and
the fault is of the urgent type, then the relay
R886 has previously. been operated to ground at
RAB84 the conductor C1405° of the line (4§l
terminrating in the connector switch 800, Hence,
when the connector switch 5080 seizes the line
1411, the ring cut-off relay RA450 is immediately
energized over a circuit extending from ground
at RA884 by way of the conductor Ci40%" of the
line 1811, the operated gang and unit relays in
the conmector switch 500, the link conductor
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C1290, RA4IS, RA432, RA442, RALSI ahd the
upper winding of R450 to battery. The ring cut-
off relay R450 now operates and interrupts at
RA453 the operating circuit of the ring pick-up
relay R430, causing the latter relay to restore to
interrupt at RA43¢ the circuit for applying coded
ringing current to the link conductor Ci281 from
the code interrupter apparatus 1000. Thus, no
ring-back tone current is applied to the calling
operator’s loop from the code interrupter ap-
paratus 1090. Moreover, the relay R880 inter-
rupts at RA883 a point in the circuit extending
between the conductor C1406" of the line 1411
and the conductor C1354, extending to the ring-
ing apparatus 850. Accordingly, the ringing
current of the ringing apparatus is not applied
over the line 1811 to the calling operator’s loop.
Thus, the supervisory operator fails to receive
any tone, thereby being informed that a fault of
the urgent type is present in the exchange 10.

If the fault is of the non-urgent type, then the
relay R890 is operated to ground at RA894 the
conductor C1405’ of the line 1411 terminating
in the connector switch 500, and to complete at
RA893 the connection between the conductor
C1406’ of the line {411 and the conductor C1354
of the ringing apparatus 850. With the conduc-
tor C1405° of the line 1411 grounded, the ring
cut-off relay R450 operates as described above,
and, upon operating to connect the conductor
C1406° of the line 1411 to the ringing apparatus
850, completes a circuit, extending from pulsating
battery in the ringing apparatus 850 by way of
the conductor C1354, RA893, the condenser 886,
RAS883, the conductor C1406’ of the line 1411, the
operated gang and unit relays in the connector
switch 500 to the link conductor CI281, thereby
applying the ringing current of the ringing ap-
paratus 850 to the link conductor Ci28f. A cor-
responding ring-back current is applied to the
link conductor CIi26f through the previously
traced circuit between the link conductors ci26l
and C1281. This ring-back current is conducted
through the. receiver of the supervisory opera-
tor’s telephone and indicates to the supervisory
operator that a fault of the non-urgent type is
present in the apparatus located in the ex-
change 10.

While Lthere has been described what is at pres-
ent considered to be the preferred embodiment of
the invention, it will be understood that various
modifications may be made therein, and it is in-
tended to cover in the appended claims all such
modifications as fall within the true spirit and
scope of the invention.

I claim: . .

1. In a telephone system, a group of lines, said
group of lines being divided into two subgroups
comprising even and odd lines, respectively, &
finder switch having access to said group of lines
and operative to select a line therefrom, a group
of unit relays and a subgroup relay in said finder
switch, each of said unit relays being operative
to select a corresponding line from'each of said
subgroups depending upon the operated or non-
operated condition of said subgroup relay, means
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responsive to the initiation of a call on an even

line for causing the operation of the correspond-
ing unit relay and said subgroup relay, thereby
to select said even calling line, and means respon-
sive to the initiation of & call on an odd line for
causing the operation of the corresponding unit
relay without casing the operation of said sub-
1group relay, thereby to select said odd calling
ine. : '
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2. In a telephone system, a group of lines, said
lines being divided into two subgroups, a finder
switch having access to said lines, a group of unit
relays and a subgroup relay included in said
switch, each of said unit relays being operative
to select either of two lines of said group de-
pending upon the operated or non-operated con-
dition of said subgroup relay, the two lines cor-
responding to each unit relay being included in
different ones of said two subgroups, a group of
auxillary relays individually corresponding to
sald unit relays, means responsive to the creation
of a calling condition on one of said lines for
causing the operation of one of said auxiliary
relays, meahs responsive to the operation of said
one auxiliary relay for causing the operation of
said subgroup relay and the one of said unit re-
lays which is operative to select said one line
In the event said one line is in one of said sub-
groups, said last-named means also being opera-
tive to cause the operation of said one unit relay
which is operative to select said one line with-

out causing the operation of said subgroup relay

in the event said one line is included in the other
of said subgroups. ,

3. In a telephone system, g group of lines, said
group of lines being divided into two subgroups
comprising even and odd lines, respectively, a

finder switch having access to said lines, a group

of unit relays and a subgroup relay included in
said switch, each of said unit relays being oper-
ative to select either of two lines of said group
depending upon the operated or non-operated
condition of said cubgroup relay, the two lines
corresponding to each unit relay being included
in different ones of said two subgroups, a group
of auxiliary relays individually corresponding to
sald unit - relays, means responsive to the crea-
tion of a calling condition on one of said lines
for caucing the operation of one of said auxiliary
relays, means responsive to the operation of said
one auxillary relay for causing the operation of
said subgroup relay and the one of said unit re-
lays which is operative to select said one line in
the event said one line is in one of said sub-
groups, said last-named means also being opera-
tive to cause the operation of said one unit re-
lay which is operative to select said one line with-
out causing the operation of said subgroup relay
in the event said one line is included in the other
of said subgroups.

4. In a telephone system, a group of lines, said
group of lines being divided into two subgroups,
& finder switch having access to said group of
lines and operative to select a line therefrom, a
group of unit relays and a subgroup relay in said
finder switch, each of said unit relays being op-
erative to select a correponding line from each
of said subgroups depending upon the operated
or non-operated condition of said subgroup re-

. lay, a group of auxiliary relays individually cor-
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responding to said unit relays, means responsive
to the initiation of a call on a line in one of said
subgroups for causing the operation of .one of
sald auxiliary relays, means responsive to the op-
eration of said auxiliary relay for causing the
operation of the corresponding unit relay and
said subgroup relay, thereby to select the call-
Ing line, means responcive to the initiation of
a call on a line in the other of said subgroups
for causing the operation of another of said aux-
iliary relays, and means responsive to the Opera-
tion of said last-mentioned auxiliary relay for
causing the operation of the corresponding unit
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relay without causing the operation of said sub-
group relay, thereby to select the calling line.
5. In a telephone system, a group of lines, said
group of lines being divided into two subgroups,
a finder switclh having access to ‘said group of
lines and operative to relect a line therefrom, a
group of unit relays and a subgroup relay in said
finder switch, an operating circuit for said sub-
group relay and each of said unit relays, each
of said unit relays being operative to select a
corresponding line from each of said subgroup~
depending upon the operated or non-operated

condition of said subgroup relay, a group of aux--

iliary relays individually corresponding to said
unit relays, means responsive to the initiation of
a call on a line in one of said subgroups for
causing the cperation of one of said auxiliary re-
lays and for preparing the operating circuit of
said subgroup relay, means responsive to the op-
eration of said ‘auxiliary relay for completing the
operating circuit of the corresponding unit relay
and for completing the operating circuit of said
subgroup relay, thereby to select the calling line,
means responsive to the initiation of a call on
a line in the other of said subgroups for cdusing
the operation of another of said auxiliary relays,
and means responsive to the operation of said
last-mentioned auxiliary relay for completing the
operating circuit of the corresponding unit relay
without causing the operation of raid subgroup
relay, thereby to select the calling line. -

6. In a telephone system, a group of lines, said
group of lines being divided into two subgroups,
& finder switch having access to said group of
lines and operative to select a line therefrom, a
group of unit relays and a subgroup relay in said
finder switch, said subgroup relay being operable
between two positions, an operating circuit for
each of said unit relays, an operating circuit for
said subgroup relay, each of said unit relays be-
ing operative to select a line from each of said
subgroups depending upon the position of said
subgroup relay, a first auxiliary relay, a group
of second auxiliary relays individually corre-
sponding to said unit relays, means responsive
to the initiation of a call on a line in one of said
subgroups for causing the operation of said first
auxiliary relay and one of said second auxiliary
relays, means responsive to the operatiou of said
first auxiliary relay for preparing the operating
circuit of sald subgroup relay, contacts controlled
by said second auxiliary relay for preparing the
operating circuit of the corresponding unit re-
lay, means responsive to the operation of said
second auxiliary relay for completing the operat-
Ing circuit of said corresponding unit relay and
for completing the operating circuit of said sub-

" group relay to operate said subgroup relay to

one of its positions, thereby to select the calling
line, means responsive to the initiation of a call
on a line in the other of sald subgroups for caus-
dng the operation of another of said second aux-
illary relays, and means responsive to the oper-
ation of sald last-mentioned second auxiliary re-
lay for completing the operating circuit of the
corresponding unit relay while said subgroup re-
lay occupies its other position, thereby to select
the calling line. L

7. In a telephone system, a number of lines
divided into a plurality of groups, each of said
groups of lines being divided into two subgroups,
a finder switch having access to said number of
lines and operative to select a line therefrom, a
plurality of group relays, a group of unit relays
and a subgroup relay in said finder switch, each
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of said group relays being operative to select a
corresponding group of lines from said plurality
of groups, each of said unit relays being operative
to select a corresponding line from each of the
subgroups depending upon the operated or non-
operated condition of said subgroup relay, means
responsive to the creation of a calling condition
on a line in one of the subgroups in one of the
groups for causing the substantially simultaneous
operation of the corresponding group and unit
relays and of said subgroup relay, thereby to se-

. lect the calling line, and means responsive to the
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creation of a calling condition on a line in the
other of the subgroups in one of the groups for
causing the substantially simultaneous operations
of the corresponding group and unit relays with-
out causing the operation of said subgroup re-
lay, thereby to select the calling line.

8. In a telephone system, a number of lines
divided into a plurality of groups, each of said
groups of lines being divided into two subgroups,
3 finder switch having access to said number of
lines and operative to select a line therefrom, a
p_lurality of group relays, a group of unit relays
and a subgroup relay in said finder switch, an
operating ecircuit for each of said group and
unit relays, an operating circuit for said sub-
group relay, each of said group relays being

operative to select a corresponding group of

lines from said plurality of groups, each of said
unit relays being operative to select a correspond-
ing line from each of the subgroups depending
upon the operated or non-operated condition of
said subgroup relay, means responsive to the
initiation of a call on a line in one of said sub-
groups of a group of lines for completing sub-
stantially simultaneously the operating circuits
of the corresponding group and unit relays and
of the subgroup relay, thereby to select the call-
ing line, and means responsive to the initiation
of a call on a line in the other of said subgroups
of & group of lines for completing substantially
simultaneously the operating circuits of the cor-
responding group and unit relays without com-
pleting the operating circuit of said subgroup
relay, thereby to select the calling line.

9. In a telephone system, a number of lines
divided into a plurality of groups, each of said
groups of lines being divided into two subgroups,
a finder switch having access to said number of
lines and operative to select a line therefrom, a
plurality of group relays in said finder switch, a
plurality of first auxiliary relays, a group of. unit
relays in said finder switch, a group of second
auxiliary relays, a subgroup relay in sald finder
switch, each of said group relays being operative
to select a corresponding group of lines from
said plurality of groups, each of said unit relays
being operative to select a. corresponding line
from each of the subgroups depending upon the
operated or non-operated condition of said sub-
group relay, said first auxiliary relays individu-
ally corresponding to said group relays, said sec-
ond auxiliary relays individually corresponding
to ‘said unit relays, means responsive fo the
initiation of a call on a line in one of said sub-
groups of a group of lines for causing the oper-
ation of one of said first and one of said second
auxiliary relays, means responsive to the opera-
tion of said first and second auxiliary relays for

-causing the substantially simultaneous operation

of the corresponding group and unit relays and
of said subgroup relay, thereby to select the call-
ing line, means responsive to the initiation of a
call on a line in the other of said subgroups of a
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group of lines for causing the operation of one of
said first and one of said second auxiliary re-
lays, and means responsive to the operation of
said first and second auxiliary relays for caus-
ing the substantially simultaneous operation of
the corresponding group and unit relays without
causing the operation of said subgroup relay,
thereby to select the calling line.

10. In a telephone system, a group of lines, a _'
group of finder switches having access to said-

lines, a group of allotter relays individuailly cor-

- responding to said finder switches, means for

causing the operation of a previously assigned
idle one of said finder switches to select one of
said lines having a calling condition thereon,
an operating circuit controlled by the -operation
of said previously assigned -finder. switch for en-
ergizing the corresponding allotter relay, a hold-
ing circuit for energizing said corresponding al-
lotter relay, said holding circuit of said .corre-
sponding allotter relay being completed in re-
sponse to the operation of said corresponding al-
lotter relay, circuits controlled by the operation
of said corresponding allotter relay for assigning

‘an idle one of said finder switches to the use of -

the next one of said lines having a calling condi-

-tion thereon and for preventing the assignment

of said corresponding finder switch to the use of
said lines having a calling condition thereon, and
means responsive to the operation of another of
said allotter relays for interrupting said holding
circuit of said corresponding allotter relay,
whereby said corresponding allotter relay restores
in the event said corresponding finder switch is
in a non-operated position.

11. In a telephone system, a group of lines, a
group of finder switches having access to said
lines, each of said finder switches including a
control relay operative to cause the finder switch

to select one of said lines having a calling condi- -

tion thereon, operating circuits for said control
relays, a group of allotter relays individually
corresponding to said finder switches, means for
completing the operating circuit of the control
relay of a previously assigned idle one of -said
finder switches, an operating circuit controlled
by the operation of said previously assigned finder
switch for energizing the corresponding allotter
relay, and means controlled by the operation of
said corresponding allotter relay for interrupting
a point in the operating circuit of the control
relay of said previously assigned finder switch
and for preparing the operating circuit of the
control relay of an idle one of said finder switches,
thereby to assign said last-mentioned finder
switch to the use of the next one of said lines
having a calling condition thereon.

12. In a telephone system, a group of lines, a
group of finder switches having access to said
lines, each of said finder switches including a
control relay operative to cause.the finder switch
to select one of said lines having a calling con-

10

15

20

dition thereon, operating circuits for said con- .

trol relays, a group of allotter relays individually
corresponding to said finder switches, means for
completing the operating circuit of the control
relay of a previously assigned idle one of said
finder switches, an operating circuit controlled by
the operation of said previously assigned finder
switech for energizing the corresponding allotter
relay, a holding circuit for energizing said cor-
responding allotter relay, said holding circuit of
said corresponding allotter relay being completed
in response to the operation of said corresponding
allotter relay, means controlled by the operation

70

[ ]
v



-10

15

(1]

70

2,177,089

of said corresponding allotter relay for inter-
rupting a point in the operating circuit of the
control relay of said previously assigned finder
switch and for preparing the operating circuit of
the control relay of an idle one of said finder
switches, thereby to assign said last-mentioned

“finder switch to the use of the next one of said

lines having a calling condition thereon, and
means responsive to the operation of another
of said allotter relays for interrupting said hold-
ing circuit of said corresponding allotter relay,
whereby said corresponding allotter relay restores
in the event said corresponding finder switch is in
a non-operated position.

13. In a telephone system, a.group of lines
comprising a plurality of trunk lines and at least
one subscriber line, a numerical switch having
access to said lines, a first relay and a group of
second relays in said switch, said second relays in-
dividually corresponding to said lines and being
operative in conjunction with the operation of
said first relay to select corresponding lines from
said group, means responsive to two predeter-
mined and successive digits for causing the oper-
ation of said first relay and one of said second re-
lays corresponding to said subscriber line, thereby
to select said subscriber line, and means respon-
sive to a single predetermined digit for causing
the substantially simultaneous operation of said
first relay and one of said second relays corre-
sponding to an idle one of said trunk liries, there-
by to select said trunk line. ) .

14, In a telephone system, a group of lines com-
prising a plurality of trunk lines and at least one
subscriber line, a pair of similar numerical
switches having access to said lines, a first relay
and a group of second relays in each of said
switches, said second relays individually corre-
sponding to said lines and being operative in con-
Junction with the operation of the associated first
relay to select corresponding lines from said
group, means responsive to two predetermined and
suecessive digits transmitted to one of said
switches for causing the operation of the first re-
lay and the one of said second relays in said one
switch corresponding to said@ subscriber line,
thereby to select said subscriber line, means re-
sponsive to a single predetermined digit trans-
mitted to said one switch for causing the opera-
tion of the first relay and a previously conditioned

" one of the second relays in said one switch and

corresponding to one idle trunk line, thereby to
select said one trunk line, and means responsive to
the selection of said one trunk line for condition-
ing another of the second relays embodied in the

-other of said switches and corresponding to

another idle trunk line to be operated when said
single predetermined digit is transmitted to said

-other switch.

15. In a telephone system, a group of lines
comprising a plurality of trunk lines and at least
one subscriber line, a pair of numerical switches
having access to said lines, a first relay and a
group of second relays in each of said switches,
said second relays individually corresponding to
said lines and being operative in conjunction with
the operation of the associated first relay to select
corresponding lines from said group, means re-
sponsive to two predetermined and successive
digits transmitted to one..of said -switches for
causing the operation of the first relay and one
of the second relays in said one switch. correspond-
ing to sald subscriber line, thereby to select said
subscriber line, means responsive to a single pre-

determined digit transmitted to said one switch

for causing the operation of the first relay and a
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previously conditioned one of the second relays
in said one switch corresponding to one idle trunk
line, thereby to select said one trunk line, a lock-
out relay individual to said one trunk line and
operatéd when said one trunk line is selected, and
means controlled by said lock-out relay for con-
ditioning another of said second relays embodied
in the other of said switches and corresponding
to another idle trunk line to be operated when
said single predetermined digit is transmitted to
said other switch.

16.-In a telephone system, a group of lines
comprising a plurality of trunk lines and at least
one subscriber line, a plurality of links each in-
cluding a numerical switch and a link line ex-
tending to said switch, said switches having ac-
cess to said lines, & first relay and a group of
second relaysin each of said switches, said second
relays individually corresponding to said lines
and being operative in conjunction with the
operation of the associated first relay to select
corresponding lines from said group, apparatus
operative to apply busy tone current to said link
lines, means responsive to two predetermined and
successive digits transmitted to one of said
switches for causing the operation of the first re-
lay and one of the second relays in said one
switch corresponding to said subscriber line,
thereby to select said subscriber line, means re-
sponsive to a single predetermined digit trans-
mitted to said one switch for causing the opera-
tion of the first relay and a previously condi-
tioned one of the second relays in said one switch
corresponding to one idle trunk line, thereby to
select said one trunk line, and means responsive
to the selection of said one trunk line for condi-
tioning another of the second relays in another
of said switches ‘and corresponding to another
idle trunk line to be operated when said single
predetermined digit is transmitted to said other
switch and for conditioning said apparatus to be
operated in the event none of said trunk lines is
idle when said single predetermined digit is trans-
mitted to said other switch. .

17. In a telephone system, a plurality of groups
of lines comprising at least one group including
a plurality of trunk lines and at least one sub-
scriber line, a numerical switch having access to
said lines, a group of first relays and a group of
second relays in said switch, said first relays indi-
vidually  corresponding to sa‘d groups and said
second relays individuially corresponding to a par-
ticular line in each of said groups, each of said
first relays being operative in conjunction with
the operation of said second relays to select cor-
responding lines from corresponding groups se-
lected from said plurality of groups, means re-
sponsive to a predetermined digit for causing the
operation of the one of said first relays corre-
sponding to said one group, méans responsive to
a predetermined and succeeding digit for causing
the operation of the one of said second relays cor-
responding to said subscriber line, thereby to se-
lect said subscriber line, and means responsive to
a single predetermined digit for causing the sub-
stantially simultaneous operation of said one first
relay and one of said second relays corresponding
to an idle one of said.-trunk lines, thereby to select
said one trunk line.

18. In a telephone system, a plurality of groups
of lines comprising at least one group including a
plurality of trunk lnes and at least one subscriber
line, a pair of numerical switches having access
to said lines, a group of first relays and a group
of second relays in each of said switches, said first
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relays individually corresponding to said groups
and said second relays individually corresponding
to a particular line in each of said groups, each of
said first relays being operative in conjunction
with the operation of the associated second relays

groups selected from said plurality of groups,
means responsive to a predetermined digit trans-
mitted to one of said switches for causing the op-
eration of the one of said first relays in said one
switch corresponding to said one group, means
responsive to a predetermined and succeeding
digit transmitted to said one switch for causing
the operation of the one of said second relays in
said one switch corresponding to said subscriber
line, thereby to select said subscriber line, means
responsive to a single predetermined digit trans-
mitted to said one switch for causing the opera-
tion of the first relay and a previously conditioned
one of the second relays in said one switch corre-
sponding to one idle trunk line in said one group,
thereby to select-said one frunk line, and means
responsive to the selection of said one trunk line

for conditioning another of the second relays em--

bodied in the other of said switches and corre-
sponding to another idle trunk line in said one
group to be operated when said single predeter-
mined digit is transmitted to said other switch.

19. In a telephone system, a group of lines com-
prising a plurality of trunk lines and at least one
subscriber line, a numerical switch having access
to said lines, a first relay and a group of second
relays in said switch, said second relays indi-
vidually corresponding to said lines and being op-
erative in conjunction with the operation of said
first relay to select corresponding lines from said
group, means responsive to a prefix digit followed
by two predetermined and successive line select-
ing digits for causing the operation of said first
relay and one of said second relays corresponding
to said subscriber line, thereby to select said sub-
scriber line, and means responsive to a prefix digit
followed by two predetermined and successive line
selecting digits including at least one digit differ-
ent from said first-mentioned two line selecting
digits for causing the operation of said first relay
and one of said second relays corresponding to
an idle one of said trunk lines, thereby to select
said one trunk line.

20. In a telephone system, a group of lines com-
prising a plurality of trunk lines and at least one
subscriber line, 2 numerical switch having access

“to said lines, a first relay and a group of second

relays in said switch, said second relays indi-
vidually corresponding to said lines and being
operative in conjunction with the operation of
said first relay to select corresponding lines from
said group, means responsive to a prefix digit
followed by a predetermined line selecting digit
for causing the operation of said first relay, means
responsive to a predetermined digit following sald
line selecting digit for causing the operation of the
one of said second relays corresponding to said
subscriber line, thereby to select said subscriber
line, and means responsive to a different predeter-
mined digit following said first-mentioned line
selecting digit for causing the operation of one of
said second relays corresponding to an idle one
of said trunk lines, thereby to select said one
trunk line.

21. In a telephone system, a group of lines com-
prising a plurality of trunk lines and at least one
subscriber line, a pair of numerical switches hav-
ing access to said lines, a first relay and a group
of second relays in each of said switches, said sec-
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ond relays individually corresponding to said lines
and being operative in conjunction with the oper-
ation of the associated first relay to select corre-
sponding lines from said group, means responsive
to a predetermined digit transmitted to one of
said switches for causing the operation of said
first relay in said one switch, means responsive
to a predetormined digit transmitted to said one
switch following said first-mentioned .digit for
causing the operation of the one of said second
relays in said one switch corresponding to said
subscriber line, thereby to select said subscriber
line, means responsive to a different predeter-
mined digit transmitted to said one switch follow-
ing said first-mentioned digit for causing the op-
eration of a previously conditioned one of said
second relays in said one switch corresponding to
an idle trunk line, thereby to select said one trunk
line, and means responsive to the selection of said
one trunk line for conditioning another of the
seccnd relays in the other of said switches and
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corresponding to another idle trunk line to be

operated when said different digit is again dialed
following said first-mentioned digit.

22. In a telephone system, a plurality of groups
of lines comprising at least one group including
a plurality of trunk lines and at least one sub-
seriber line, a numerical .switch having . access
to said lines, a group of first relays and a group
of second relays in said switch, said first relays
individually corresponding to said groups and
said second relays individually corresponding to
a particular line in each of said groups, each of
said first relays being operative in conjunction
with the operation of said second relays to select
corresponding lines from corresponding- groups
selected from said plurality of groups, means
responsive to a prefix digit followed by a pre-
determined line selecting digit for causing the
operation of the one of said first relays corre-
sponding to said one group, means responsive to
a predetermined digit following said line select-
ing digit for causing the operation of the one of
said second relays corresponding to said sub-

_ scriber line, thereby to select said subscriber line,

and means responsive to a different predeter-
mined digit following said line selecting digit for
causing the operation of ohe of said second re-
lays corresponding to an idle one of said trunk
lines, thereby to select said one trunk line.

23. In a telephone system, a plurality of groups
of lines comprising at least one group including

a plurality of trunk lines and at least one sub--

scriber line, a pair of numerical switches having
access to said lines, a group of first relays and a
group of second relays in each of said switches,
said first relays individually corresponding to
said groups and said second relays individually
corresponding to a particular line in each of said
groups, each of said first relays being operative
in conjunction with the operation of the associat-
ed second relays to select corresponding lines
from corresponding groups selected from said
plurality of groups, means responsive to a pre-
determined digit transmitted to one of said
switches for causing the operation of the one of
said first relays in said one switch corresponding
to said one group, means responsive to a prede-
termined digit transmitted to -said one switch
following said first-mentioned digit for causing
the operation of the one of said second relays in
said one switch corresponding to said subscriber
line, thereby to select said subscriber line, means

responsive to a different predetermined digit

transmitted to said one switch following said
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first-mentioned digit for causing the operation
of a previously conditioned one of said second

- relays in said one switch and corresponding to
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one idle trunk line, thereby to select said one
trunk line, and means responsive to the selection
of said one trunk line for conditioning another
of said second relays embodied in the other of
said switches and corresponding to another idle
trunk line to be operated when said different
digit is again dialed following said first-men-
tioned digit.

24. In a telephone system, a group of lines com-
prising a plurality of trunk lines and at least one
subscriber line, a numerical switch having access
to said group of lines and operative to select a
line therefrom, means responsive to a predeter-
mined digit and a predetermined digit follow-
ing said first-mentioned digit for causing the
operation of said switch to select said subscriber
line, means responsive to said first-mentioned
digit and a different predetermined digit follow-
ing said first-mentioned digit for causing the op-
eration of said switch to select a previously as-
signed idle one of said trunk lines, and means
responsive to the selection of said one trunk line
for assigning another idle one of said trunk lines
to be selected when said different digit is again
dialed following said first-mentioned digit.

25. In a telephone system, a group of first trunk
lines, a group of second trunk lines, and a group
of subscriber lines, a numerical switch having ac-~
cess to said groups of lines and operative to select
a line therefrom, means responsive to a prede-
termined digit and a predetermined digit follow-
ing said first-mentioned digit for causing the op-
eration of said switch to select an idle trunk line
from said group of first trunk lines or to select
a particular subscriber line from said group of
subscriber lines depending upon the character of
said second-mentioned digit, and means respon-
sive to a single predetermined digit for causing
the operatiorl of said switch to select an idle
trunk Iine from said group of second trunk lines.

26. In an automatic telephone system wherein
the digits P, X, Y and Z of different character
may be dialed at calling telephone stations for
automatic switch control purposes, a group of
first trunk lines, a group of second trunk lines,
and a group of subscriber lines, a numerical
switch having access to said groups of lines and
operative to select a line therefrom, means re-
sponsive to the prefix digit P, the digit X and the
digit Y dialed in the order named for causing the
operation of said switch to select an idle trunk

line from said group of first trunk lines, means .

responsive to the prefix digit P, the digit X and
the digit X or Z dialed in the -6rder named for
causing the operation of said switch to select a
particular subscriber line from said group of sub-
scriber lines, and means responsive to the digit
X dialed alone for causing the operation of said
switch to select an idle trunk line from said
group of second trunk lines.

27. In a telephone system, -a plurality of lines
comprising a group of lines including subscriber
lines and trunk lines, an impulse responsive auto-
matic switch having access to said lines and in-
cluding unit relays individually corresponding
to the lines of said group, operating circuits for
said unit relays, means responsive to the im-
pulses. of two predetermined and successive digits
transmitted to said switch for selecting said group

- of lines from said plurality. of lines and for com-

pleting one of said operating circuits, thereby to
cause said switch to select one of said subscriber

41
lines, additional operating circuits for said unit
relays, means operative in accordance with the
idle or busy condition of said trunk lines for se-
lectively preparing said additional operating cir-
cuits, and means responsive to the impulses of
a single predetermined digit transmitted to said
switch for selecting said group of lines from said
plurality of lines and for completing the one of

said additional operating circuits prepared by -

said ‘last-named means, thereby to cause said
switch to select one of said trunk lines.

28. In a telephone system, a plurality of lines
comprising a group of lines including subscriber
lines and trunk lines, an impulse responsive auto-
matic switch having access to said lines and in-
cluding unit relays individually corresponding to
the lines of said, group, operating circuits for said
unit relays, a group of impulse counting relays in
said switch, said relays being connected and ar-
ranged sequentially to operate in response to suc-
ceeding impulses of each digit transmitted to
said switch, means controlled by one of said im-~
pulse counting relays and operative at the end
of a predetermined first digit transmitted to said
switch for selecting said group of lines from said
plurality of lines, means including said impulse
counting relays for completing one of said oper-
ating circuits at the end of a second digit trans-
mitted to said switch, thereby to cause said switch
to select one. of said subscriber lines, a plurality
of additional operating circuits for said unit re-
lays, means operative in accordance with the idle
or busy condition of said trunk lines for selective=
ly preparing said additional operating crcuits,
and means controlled by a second of said relays
and operative at-the end of a single predetermined
digit transmitted to said switch for selecting said
group of lines from said plurality of lines and for
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completing the one of said additional operating -

circuits prepared by said last-named means,
thereby to cause said switch to select one of said
trunk lines. .

29. In a telephone system, a plurality of lines
divided into groups, an automatic switch having
access to said lines and operative to select a de-
sired line therefrom, said switch including means
responsive to impulses trarismitted to said switch,
said impulses being divided infto a plurality of
digits including at least two line selecting digits,
means responsive to the operation of said first-
named means during the impulses of certain first
digits transmitted.to said switch for causing said
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switch to select the groups of lines correspond- .

ing to said first digits, and means responsive to
the operation of said first-named means during
the impulses of a predetermined first digit pre-
ceding all line selecting digits for conditioning
said switch to select a predetermined group of
said lines when the impulses of a predetermined
second digit are transmitted to said switch.

30. In a telephone system, a plurality of lines
divided into groups, an automatic switch having
access to said lines and including group relays
individually corresponding to said groups of lines,
said switch including a group of impulse count-
ing relays sequentially operative in response to

-succeeding impulses transmitted to said switch,

said impulses being divided into digits including

at least two line selecting digits, means con-.

trolled by certain of said impulse counting relays
for causing the operation of corresponding ones

of said group relays at the end of certain first:

digits transmitted to said switch, and means con-
trolled by one of said impulse counting relays and
operative at the end of a predetermined first dig-
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it preceding all line selecting digits for condi-~
tioning one of said group relays to be operated at
the end of a second predetermined digit.

31. In a telephone system, a plurality of lines

" divided into groups, an automatic switch having

access to said lines and including group relays in-
dividually corresponding to said groups of lines,
operating circuits for said relays, said switch in-
cluding a group of impulse counting relays se-
quentially operative in response to succeeding
impulses transmitted to said switch, said impulses
being divided into digits including at least two
line selecting digits, means confrolied by cer-
tain of said impulse counting relays for complet-
ing the operating circuits of corresponding
group relays at the end of certaih first digits of
impulses transmitted to said switch, means con-
trolled by one :of said impulse counting relays
and operative at the end of a predetermined
first digit preceding all line selecting digits for
preparing the operating circuit for a predeter-
mined one of said group relays, and means con-
trolled by one of said impulse counting relays and
operative at the end of a predetermined second
digit transmitted to said switch for completmg

. said prepared operating circuit.
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32. In a telephone system, a plurality of lines
divided into groups, an automatic switch having
access to said lines and including group relays
individually corresponding to said groups of lines,
operating circuits for said relays, said switch in-
cluding a group of impulse counting relays se-
quentially operative in response to succeeding
impulses transmitted to said switch, said im-
pulses being divided into digits including at least
two line selecting digits, means controlled by
certain of said impulse counting relays for com-
pleting the operating circuits of corresponding
group relays at the end of certain first digits
transmitted to said switch, means controlled by
one of said impulse counting relays and operative
at the end of a predetermined first digit pre-
ceding all line selecting digits for preparing the
operating circuits for predetermined ones of said
group relays, and means controlled by certain of
sald impulse counting relays and operative at
the end of a second digit transmitted to said
switch for completing the prepared operating
circuit of the group relay corresponding to said
second digit.

33. In a telephone system, a plurality of lines

 divided into groups, an automatic switch having
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access to said lines and including group relays
individually corresponding to said groups of lines,
said switch including a group of impulse count-
ing relays sequentially operative in response to
succeeding impulses transmitted to said switch,
said impulses being divided into digits including
at least two line selecting digits, means con-
trolled by one of said impulse counting relays

and operative at the end of a predetermined first

digit preceding all line selecting digits for condi-
tioning at least_certain of said group relays for
operation; and means controlled by certain of
said impulse counting relays and operative at the
end of a second digit transmitted to said switch

‘for causing the operation of the group relay cor-

responding to sald second digit, - .

34, In a telephone system, a plurality of lines
divided into groups, an automatie switch having
access o said lines and including group relays
individually corresponding.to said groups of lines,

~ operating circuits for said relays, said switch in-

78

cluding a group of impulse counting relays se-
quentially operative in response to succeeding im-
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pulses transmitted to said switch, said impulses
being divided into digits including at least two
line selecting digits, means controlled by one of

‘said impulse counting relays and operative at
" the end of a predetermined first digit preceding

all line selecting digits for preparing the oper-
ating circuits of at least a portion of said group
relays, and means controlled by certain of said
impulse counting relays and operative at the end
of a second digit transmitted to said switch for
completing the. prepared operating circuit of the
group relay corresponding to said second digit.
35, In a telephone system, a plurality of lines
divided into -groups, an automatic switch having
access to said lines and including group relays
individually corresponding to said lines and unit
relays individually corresponding to the lines of
each group, said switch including a group of im-
pulse counting rélays sequentially operative in
response to succeeding impulses transmitted to
said switch, means controlled by one of said im~

~ pulse counting relays and operative at the end

of a predetermined single digit transmitted to
said switch for causing the operation of one of
said group relays and one of said unit relays,
means controlled by certain of said counting re-

_lays for causing the operation of corresponding

ones of said group relays at the end of certain

first digits transmitted to said switch, and means

controlled by one of said first impulse counting re-
lays and operative at the end of a predetermined
first digit transmitted to said switch for condi-
tioning .one of said group relays to be operated
at the end of a predetermined second digit trans-
mitted to said switch.

36. In a telephorie system, a plurality of lines
divided into groups, an sutomatic switch having
access to said lines and including group relays
individually corresponding to said lines-and unit
relays individually corresponding to the lines of
each group, operating circuits for said relays, said
switch including a group of impulse counting re-
lays sequentially operative in response to suc-
ceeding impulses transmitted to said switch,
means controlled by one of said impulse counting
relays and operative at the end of a predeter-
mined single digit transmitted to said switch for
completing the operating circuit for one of said
group relays and the operating circuit for one
of said unit relays, means controlled by certain of
said counting relays for completing the operating
circuits of corresponding ones of said group re-
lays at-the end of certain first digits transmitted
to said switch, means controlled by one of
said impulse counting relays and operative
at the end of a predetermined first digit
transmitted to said switch for preparing the op-
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erating circuit for one of said group relays, and"

means controlled by one of said counting relays
and operated at the end of a predetermined sec-
ond digit transmitted to said switch for complet-
ing said prepared operating circuit..

37. In a telephone system, o plurality of lines
divided into groups, an automatic switch having
access to said lines and including group relays
individually corresponding to said lines and unit
relays individually corresponding to.the lines of

. each group, said. switch including a group of im~

pulse counting relays sequentially operative in
response to succeeding impulses transmitted to
said switch, means controlled by one of said im-
pulse counting relays and operative at the end of
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a predetermined single digit transmitted to said -

switch for causing the operation of one of said
group relays and one of said unit r_ela.ys, and
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means controlled by one of said impulse counting
relays and operative at the end of a predeter-
mined first digit transmitted to said switch for
conditioning one of said group relays to be op-
erated at the end of a predetermined second digit
transmitted to said switch, .

., 38. In a telephone system, a plurality of lines

10

.15

divided into groups, an automatic switeh having
access to said lines and including group relays
individually corresponding to said lines and unit
relays individually corresponding to the lines of
each group, operating circuits for said relays,
said switch including a group of impulse counting
relays sequentially operative in response to suc-
ceeding impulses transmitted to sald switch,
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relays and operative at the end of a predetermined
single digit transmitted to said switch for com-
pleting the operating circuit for one of said
group relays and the operating circuit for one

of said unit relays, means controlled by one of:

said impulse counting relays and operative at the
end of a predetermined first digit transmitted to

means controlled by one of said impulse counting -

said switch for preparing the operating circuit .

for one of said group relays, and means con-
trolled by one of said counting relays and oper-
ated at the end of a predetermined second digit

. transmitted to said switch for completing said

prepared operating circuit,
. FRANK KESSLER.
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