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The present*invention relates to automatic
telephone systems and more particularly to auto-
matic recording apparatus operative to record

given particulars of certain calls in the systems. =

More specifically the present invention relates to
improvements in telephone systems of the char-

acter disclosed in the copending applications of

John E. Ostline, Serial No. 273,727, filed June 12,
1939, Serial No. 278,728, filed June 12, 1939 and
Serial No, 278,729, filed June 12, 1939.

In a telephone system serving a large metro-
politan area and the adjacent suburban areas, it
is usually desirable to handle calls between cer-
tain of the exchanges in the system as toll calls
for which special charges are made depending
upon the distances between the exchanges and
the durations of the calls. In accordance with
conventional practice, the connections for a call
of this type are set up with the aid of an oper-
ator, which operator records upon a toll ticket
certain particulars concerning the call including
the codes of the calling and called exchanges, the
directory numbers of the calling and calleqd lines,
the rate applicable to the call, the duration of
the call and possibly the tatal cost of the call.

While a telephone system of the Lype described
is entirely satisfactory in operation, it requires
the services of a large numbeér of operators and
necessitates some delay in extending a call of the
type mentioned while the information concern-
ing the calling and called subscriber substations
is being transferred from the calling subscriber
to the operator.

Accordingly, it is a2n object of the present in-
vention to provide, in an automatic telephone
system, improved recording apparatus which is

operative automatically to record, without the-

aid of an operator, given particulars of certain

calls in the system for which special charges are’

made.

Another object of the invention is to provide,
in an automatic telephone system including a
register sender operative to control the extension
of the connections for a call from one exchange
to another, improved apparatus for selecting a
rate factor applicable to the call which is con-
trolled in accordance with the operation of the
register sender. s '

Another object of the invention is to provide,

in an automatic telephone system, an improved !

register sender which is operative to control over
the two line conductors of an associated trunk
Jline different registers associated with the re-
spective line conductors of the trunk line.
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in an automatic telephone system, an improved
detector operative to detect the designation of a
calling line extending to an associated exchange.

A further object of the invention is to provide,
in an automatic telephone system, an improved
detector arrangement which is operative to de-
tect and to check the designation of a calling line
extending to an associated exchange.

A further object of the invention is to proyide,
in an automatic telephone system, a number of
switches respectively operative to calculate at
different rates the cost of a call extended be-’
tween two exchanges, and an improved arrange-
ment for selecting one of the switches depending
upon the two exchanges between which the call
is extended. ‘

A further object of the invention is to provide,
in an automatic telephone system, a switch oper--
ative to calculate the cost of a call extended be-
tween two exchanges, and an improved arrange-
ment for controlling the operation of the switch

_depending upon the duration of the cali.

The invention is illustrated as being embodied
in an automatic telephone system comprising a
number of exchanges, including an originating
exchange, an intermediate exchange and a ter-
minating exchange, and serving a large metro-
politan area and the adjacent suburban areas,
these areas being so disposed with respect to
each other that it is desirable to make a special
toll charge for a call extended from the originat-

" ing exchange to the terminating exchange de-

40

45

pending - upon the distance between these ex-
changes and the duration of the call. Further-
more, each exchange terminates a large number
of subscriber lines. Each of the exchanges is
provided with & particular designation compris-
ing three digits or letters; and each line termi-
nating at each exchange is provided with a par-
ticular designation comprising four digits or nu-
merals. : )
The originating exchange comprises a number
of trunk circuits, each including first and second
automatic switches, a number of groups of reg-
ister senders or directors accessible to the first
automatic switches, and a number of toll ticket
repeaters accessible to the second automatic
switches,” This apparatus is so connected and
arranged that when a call is initiated on one of
the subscriber lines in the originating exchange,
an idle one of the trunk circuits is automatically
associated with the calling subscriber line, where-
upon. the subscriber at the subscriber substation

"associated with the calling subscriber line in the

A further object of the invention is to provide, 5 originating exchange proceeds to dial the three
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digits designating the terminating exchange and
the four digits designating the called iine in the
terminating exchange. When the first digit of
the designation of the terminating exchange is
dialed over the calling subscriber line, the first
automatic switch associated with the selected
trunk circuit operates to select an idle director in

a corresponding group of directors.
In accordance with one feature of the inven-

tion, the selected director comprises a two-mo-.

tion switch which is set in accordance with the
second and third digits of the designation of the
terminating exchange, & digit register operative to
register the four digits of the designation of the
called subsecriber line and a code register which is
controlled in accordance with the operation of the
two-motion switch to register the three digifs
of the designation of the terminating exchange
‘and & rate factor applicable to the call from the
originating exchange to the terminating ex-
change. '

Purthermore, the selected trunk circuit com-
prises two line conductors; and the selected di-
rector is so connected and arranged that it op-
erates to send over one of the line conductors of
the selected trunk circuit a first set of digits,
comprising directive digits, which is determined
by the setting of the two-motion switch therein,
and s second set of digits corresponding to the
four digits of the designation of the called sub-
scriber line. Further, the director is operative to
send in code over the other line conductor of the
selected trunk circuit the three digits and the rate
factor registered in the code register therein.
Finally, the selected director is released after it
has sent the two sets of digits over the selected
trunk circuit. Also, the selected trunk circuit is
so connected and arranged that when the direc-
tor sends the first directive digit, the second au-
tomatic switch thereof selects an idle one of the
toll ticket repeaters. i

In accordance with a further feature of the
invention, the originating exchange comprises a
number of converters accessible to the toll ticket
repeaters and two detectors accessible to each
subscriber line in the originating exXchange.
When the selected toll ticket repeater is seized
by the second automatic switch of the selected
trunk circuit, it operates automatically to select
an idle one of the converters; and when an idle

one of the converters is selected, it operates to.

initiate operation of the two detectors. The se-
lected toll ticket repeater is so connected and ar-
ranged that it repeats over a toll line extending
therefrom to the intermediate exchange the re-
mainder of the directive digits of the first set of
digits and all of the digits of the second set of
_ digits sent by the selected director over the se-

lected trunk circuit. The intermediate exchange
comprises 8 switch train which is- operative in
response to the remainder of the directive digits
of the first set of digits sent over the toll line from
the selected toll ticket repeater to seize a toll line
extending to the terminating exchange; and the
terminating exchange comprises a local switch
train which is operative in response to the second
set of digits sent over the toll line from the se-
lected toll ticket repeater to seize the called sub-
scriber line.

In accordance with another feature of the in-
vention, the selected director and the selected
toll ticket repeater are so connected and arranged
that the director is operative automatically to
send the first set of. digits therefrom over the

2,397,365
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director to send the second set of digits therefrom
over the trunk circuit depends upon the operation
of the selected toll ticket repeater to find an idle
one of the converters in the group of converters
accessible thereto.

The selected toll ticket repeater and the selected
converter comprise a number of code registers
and are so connected and arranged that the sec-
ond set of digits sent by the selected director over
the selected trunk circuit are converted in the
selected converter into codes and then transferred
to the selected toll ticket repeater and registered
in the code registers therein, Furthermore, the
selected converter operates to register in the code
registers therein codes corresponding to the three
digits designating the terminating exchange and
the rate factor sent by the selected director over
the selected trunk circuit. .

In accordance with another feature of the in-
vention, the two detectors operate independently
to detect the designation of the calling subscriber
line and comprise code registers in which the four
respective digits of the designation of the calling
subscriber line are registered. Further, the two
detectors are so connected and arranged that in
the event the corresponding code registers there-
in register digits of different numerical values, an
alarm is operated; while in the event the cor-
responding code registers therein register digits
of the same numerical values, these codes are
transferred to the code registers in the selected

" converter, whereupon the two detectors are re-
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leased. The selected converter then operates
to transfer the several codes registered in the
code registers therein to the code registers in the
selected toll ticket repeater and is then released.

In accordance with a further feature of the in-
vention, a timer is provided in the selected toll
ticket repeater which is operated when the call
is answered at the subscriber substation asso-
ciated with the called subscriber line in order to,
establish a rate factor depending upon the dura-
tion of the call, which rate factor is registered
in the code registers in the selected toll ticket
repeater. FPurthermore, the originating exchange
comprises a toll ticket printer, a number of
printer controllers accessible to the toll ticket
repeaters, and a date and time unit commonly
associated with the printer controllers, each
printer controller comprising a number of code
registers. When the established connection be-
tween the calling subscriber line and the called
subscriber line is released, the selected toll ticket
repeater operates automatically to select an idle
one of the printer controllers, whereupon the date
and time unit operates certain of the code regis-
ters in the selected printer controller to register
therein information concerning the month, day,
hour and minute of the release of the established
connection between the calling subscriber line
and the called subscriber line. The selected toll
ticket repeater then operates to transfer the
codes stored in the code registers therein to the
code registers in the selected printer controller,
whereupon the selected toll ticket repeater is re-
leased. -

In accordance with a further feature of the
invention, the printer controller comprises &
number of two-motion switches respectively op-
erative to calculate at different rates the total
cost of a call. The selected printer controller
then operates to select a predetermined one of

- the calculating switches, depending upon the

selected trunk circuit; while the operation of the 75

code regispered in a given one of the code regis-
ters therein and corresponding to the rate factor
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applicable to the call. The selected printer con-

troller then operates to set the selected calcu- .

lating switch in accordance with the codes regis-

" tered in a given two of the registers therein and

corresponding to the ten and unit digits in min-

utes of the duration of the established connection i
between the calling subscriber line and the called -

subscriber line. The selected printer controller
then operates to cause the toll ticket printer to
operate and print upon a toll ticket the designa-
tions of the originating and terminating ex-
changes, the designations of the calling and
called subscriber lines, the month, date, hour
and minute of the release of the established
connection between the calling and called sub-
scriber lines, the rate applicable to the call be-

 tween the originating exchange and the termi-

nating exchange, the duration in minutes of the
call between the calling and called subscriber
lines, and the total cost of the call in appropri-
ate monetary values.

After the toll ticket has been printed by the
printer, the selected printer controller and the
printer are automatically released.

Further features of the invention pertain to
the particular arrangement of the circuit ele-
ments of the system whereby the above-outlined
and additional operating features are attained.

The novel features believed to be characteris-
tic of the invention are set forth with particu-
larity in the appended claims. The invention,
both as to its organization and method of opera-
tion, together with further objects and advan-
tages thereof, will best be understood by refer-
ence to the following specification taken in con-
nection with the accompanying drawings, in
which Figure 1 illustrates the general arrange-
‘ment of a telephone system embodying the
present invention; Figs. 2 to 22, inclusive, taken
together, illustrate the details of a system hav-
ing incorporated therein the features of the in-

10

15

20

25

30

35

40

vention as briefly outlined above; Fig. 23 illus- -

trates the mode of combining Figs. 2 to 22, in-
clusive, to form a unified system; Fig. 24 illus-

" . trates a toll ticket printed by a toll ticket printer

incorporated in the system; and Fig. 25 illus-
trates a portion of a modified form of a calling
line detector incorporated in the system.

DESCRIPTION OF THE APPARATUS INCORPORATED IN THE
TELEPHONE SYSTEM

Referring now more particularly to Fig. 1 of
the drawings, the telephone system there illus-
trated comprises a plurality of exchanges in-

cluding the exchanges 50, 5f and 52, the ex-

changes 50, 51 and 52 being respectively desig-
nated originating, intermediate and terminating
exchanges in accordance with the route of a toll
call traced heréinafter. . Each of the exchanges
has an ultimate capacity of 10,000 lines and
serves a large number of local subscriber sub-
stations. More particularly, the exchange 50
serves & number of local subscriber substations
including the subscriber substation indicated
at TiI and associated with the subscriber line
250 extending thereto; while the exchange 52
serves a number of local subscriber substations
including the subscriber substation indicated at
T2 and associated with the subscriber line 2200
extending thereto. The exchanges 50 and 5f
are interconnected by a group of outgoing one-
way toll lines, including the toll line 1555, ex-
tending from the exchange 50 to the exchange

81, and a group of incoming one-way toll lines,

not shown, extending from the exchange 51 to

3

the exchange 80; while the exchanges §1 and §2
are interconnected by a group of outgoing one-
way toll.lines, including the toll line 2201, ex-
tending from the exchange 51 to the exchange
52, and a group of incoming one-way toll lines,
not -shown, extending from the exchange 52 to
the exchange 5. -

. Each exchange comprises & number of line
switch&s individually associated with the sub-
scriber lines terminating thereat, the line switch
60 being individually associated with the: sub-
scriber line 250 terminating at the exchange 50
and the line switch 938 being individually asso-
ciated with the subscriber line 2200 terminating
at. the exchange 52. Furthermore, each ex-
change comprises a number of groups of first
code selector switches which are accessible to the
various line switches. For example,. the .ex-
change 50 comprises a group of first code se-
lector switches, including the first code selector
switch 61, which is accessible to a number of
line switches, including the line switch 60. A se-
lector hunting switch is individually associated
with each first code selector switch, the selector
hunting switch 62 being individually associated
with the first code selector switch 61. Also, each-

‘exchange comprises a number of groups of di-

rector selector ‘switches, for example, the ex-
change 50 comprises a group of director selector.
switches, including the director selector switch
63, which is accessible to a number of selector
hunting switches, including the selector hunting
switch 62. Purthermore, a number of groups of
directors are provided at each exchange which
are accessible to the various director selector
switches. For example, a group of directors, in-
cluding the director 64, is provided at the ex-

‘change 58 which is accessible to the director

selector switch 63. Finally, each exchange com-
prises a local switch train including a number of
first numerical selector switches, a number of
second numerical selector switches, and a num-
ber of connector switches, the exchange 52 beinr

.provided with a local switch train including .. -
2 first numerical selector switch 90, a second nu-

merical selector switch 91 and a connector
switch 92,

In addition to the apparatus described above,
each exchange comprises toll ticketing apparatus
including a numbsar of toll ticket repeaters, a
number of converters, a number of printer con-
irollers, a date and time unit, a toll ticket
printer. and two detectors. For example, the

" toll ticket apparatus incorporated in the ex-
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change 580 comprises a toll ticket repeater 65,
a converter 66, a printer controller 61, a date
and time unit 68, a toll ticket printer 69, and
fwo detectors 70 and 71. More particularly, the
first code selector switches in the exchange 50
have access to the various toll ticket repeaters:
while each toll ticket repeater is individually
associated with one of the outgoing one-way toll
lines extending from the exchange 50 to the ex--
change 51 and has access to each converter and
each printer controller. The date and time unit
68 is accessible to each of the printer controllers;
and the toll ticket printer 69 has access to each
of the printer eontrollers. Finally, the two de-
tectors 10 and T{ are connected in multiple, in
a manner more fully described hereinaftcer, and
have access to each line terminating at the ex-
change 50.2and to each converter in the ex-
change §0.

Furthermore, each exchange comprises 2 num-
ber of group selectors individually associated
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with the various one-way toll lines extending
to the exchange and having access to the 'vari-
ous one-way toll lines extending from the ex-
change. For example, the exchange 51 com-
prises a group selector switch 80 individually
associated with the one-way toll line 1555 ex-
tending from the exchange 50 to the exchange
§1, the one-way toll line {555 being individually
assoclated with the toll ticket repeater 65 in
the exchange 50, and has access to the one-way
tol] line 220i extending from the exchange 51
to the exchange 52, the one-way toll line 2201
including a dial repeater :] . .

Preferably, each of the line switches included
in the various exchanges is idéntical to the line
switch 68 included in the exchange 50, which
line switch comprises, as best shown in Fig. 2,
a rotary switch D220 including five wipers 221,
222, 223, 226 and 221 provided with individually
associated contact banks and a magnet M228
for driving the wipers noted. Also, the line
switch 60 comprises a line relay R200, a hold
relay R210 and a circuit network connected and
arranged in a manner more fully described here-
inafter. Finally, a call register meter provided
with an operating magnet M240 is individually
associated with the line switch 0.

Preferably, each of the first code selector
switches included in the various exchanges is
identical to the first code selector switch 61 in-
cluded in the exchange 50, which: first code

. selector switch comprises, as best shown in Figs.
3 and 4, a Strowger mechanism 480 including
a wiper carriage movable in both vertical and
rotary directions and an associated contact bank.
More particularly, the Strowger mechanism 480
is of the 200 point type and comprises & first
wiper set, including the wipers 481, 482 and 483,
and a second wiper set, including the wipers
484, 485 and 486. The contacts arranged in the
associated contact bank are divided into two
groups accessible to the respective wiper sets,
each group of contacts including ten vertically
spaced-apart rows of contact sets and each row
of contact sets being peripherally arranged and
including ten individual contact sets. Also, the
Strowger mechanism 480 comprises a vertical
magnet M392 for driving the wiper carriage step
by step in the vertical direction and a rotary
magnet M399 for driving the wiper carriage step
by step in the rotary direction. Furthermore,
there are associated with the Strowger mech-
anism 480 four sets of switch springs S312, S313,
5316 and S424 which are actuated when the
wiper carriage is moved in the vertical direction
away from its normal position; two sets of switch
springs S423 and S425 which are actuated when
the wiper carriage is moved in the rotary direc-
tion away from its normal position; and two
sets of switch springs S317 and S400 which are
actuated when the wiper carriage is moved in
the rotary direction eleven steps away from its
normal rotary position.

Furthermore, the first code selector switch
61 comprises a line relay R370, a hold relay
R350, an impulse relay R340, a transfer relay
R360, a tone relay R380, two timing relays R320
and R300, a switch-through relay R440, two
switching relays R460 and RA4T10, a test relay
RA420, a number of control relays R310, R330,
R410, R420 and RA450, an impedance element

[413

10

15

20

25

30

35

40

50

55

60

65

J458 and a circuit network connected and ar- .

ranged in a manner more fully described here-
inafter.
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Preferably, each of the directors included in the
various exchanges is identical to.the director ¢4
fncluded in the exchange 50, which director com-
prises, as best shown in Figs. 5, 6, T and 8, a
Strowger mechanism 7100 including a wiper car-
riage movable in both vertical and rotary direc-
tions, and an associated contact bank. More
particularly, the Strowger mechanism 700 com-
prises a wiper set including ten wipers 101 to 116,
inclusive; and the associated contact bank com-
prises ten vertically spaced-apart rows of con-
tact sets, each row of contact sets being periph-
erally arranged and including ten individual con-
tact sets. Further, the Strowger mechanism 700
comprises two vertical test wipers 711 and Ti2,
which are moved only in the vertical direction by
the wiper carriage, and an assoclated vertical test
contact bank 113, Also, the Strowger mecha-
nism- 700 comprises a vertical magnet M148 for
driving the wiper carriage step by step in the ver-
tical direction and a rotary magnet M1I6 for
driving the wiper carriage step by step in the ro-
tary direction. Furthermore, there are asso-
ciated with the Strowger mechanism 700 two sets
of switch springs S563 and S718 which are actu-
ated when the wiper carriage is moved in the
vertical direction away from its normal position.
Also, the director 64 comprises a rotary switch
CN140, including three wipers 743, 745 and 146
provided with individually associated contact
banks and a magnet M141 for driving the wipers
noted; a rotary switch T130, including two wipers
133 and 135 provided with individually asso-
ciated contact banks and a magnet M3l for
driving the wipers noted; a rotary switch M120,
including three wipers 723, 125 and 728 provided
with individually associated contact banks and a
magnet M121 for driving the wipers noted; a ro-
tary switch €800, including three wipers 803, 805
and 807 provided with individually associated
contact banks and a magnet M80! for driving the
wipers noted; a rotary switch D810, including
three wipers 813, 815 and 811 provided with in-
dividually associated contact banks and a magnet
M811 for driving the wipers noted; a rotary
switch U820, including five wipers 822, 824, 826,
828 and 830 provided with individually asso-
ciated contact banks and a magnet M821 for driv-
ing the wipers noted; and a rotary switch S840,
including five wipers 843, 845, 849, 852 and 854
provided with individually associated contact
banks and a magnet M841 for driving. the wipers
noted. Also, it is noted that a jumper fleld Ti4
is arranged between the contact bank of the
Strowger mechanism 700 and a given one of the
contact banks of each of the rotary switches
T7130 and S840 for a purpose more fully described
hereinafter. .

The rotary switch CN140 constitutes a sequence
switch for controlling the operation of the
Strowger mechanism 700; the rotary switch
T130 constitutes a storing and sending switch for
the three letters designating the called exchange
and the rate factor digit applicable to the call be-
tween the originating exchange 50 and the termi-
nating exchange. The rotary switches M120,
C800, D810 and U820 respectively constitute stor-
ing switches for the thousand, hundred, ten and
unit digits of the directory number of the called
subscriber line in the called exchange; while the
rotary switch S840 constitutes a sending switch
for the directive digits stored in the Strowger
mechanism 700 and the thousand, hundred, ten
and unit digits of the directory number of the
called subscriber line in the called exchange re-

>
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spectively stored in the rotary switches MT120,
C800, D818 and U820, :

Further, the director 64 comprises & first im-
" pulsing device I814, a second impulsing device
1615, two impulse relays R500 and R560, a test
relay RB610, a cut-off relay R618, a stop relay
R630, two timing relays R640 and R660, a num-
ber of control relays R520, RS540, R530, R550,
R620, R650 and R880, and a control network con-
nected and arranged in a manner more fully de-
scribed hereinafter.

Preferably, each of the selector hunting switch- '

- es Included in the various exchanges is identical
to the selector hunting switch. 62 included in the
exchange §0, which selector hunting switch com-
prises, as best shown in Fig. 9, a rotary switch in-
cluding six wipers 810 to 918, inclusive, provided
with individually associated contact banks and
- & magnet M817 for driving the wipers noted.
‘Preferably, each of the director selector switch-
es included in the various exchanges is identical
to the director selector switch 63 included in the
exchange §0, which director selector switch com-
prises, as best shown in Fig. 9, a Strowger mech-
anism 920 including a wiper carriage movable in
both vertical and rotary directions. More par-
ticularly, the Strowger mechanism 920 com-
prises a wiper set including five wipers 82{-to
825, inclusive, and an associated contact bank
comprising ten vertically spaced-apart rows of
contact sets, each row of contact sets being pe-
ripherally arranged and including ten individual
contact sets. Further, the Strowger mechanism
920 comprises a vertical magnet M998 for driving
the wiper carriage step by step in the vertical di-

10
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Specifically, the crossbar switch 1001 comprises
first and second groups of horizontal operating
bars and first and second groups of vertical
operating bars. The first group of horizontal
operating bars includes five individual bars which
are respectively operated by the magnets HMI
to HMS, inclusive; the second group .of hori-
zontal operating bars includes five individual
bars which are respectively operated by the mag-
nets HM6 to HMI0, inclusive; the first group of
vertical operating bars includes ten individual
kars which are respectively operated by the mag-
neis VMI to VMI@, inclusive; and. the second

" group of vertical operating bars includes ten

15
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indiv.dual bars which are respectively operated
by the magnets VMII to VM20, inclusive. The
first crossbar switch 1001 also includes two
Lundred contact sets which are operated under
the joint control of the various horizontal and

vertical operating .bars, the arrangement being

such that only one contact set is operated when
the corresponding horizontal bar and the cor-
responding vertical bar is operated. Further,
each contact set comprises ten pairs of contact
springs, each contact spring terminating the con-
trol conductor of one of the subscriber lines ex-
tending to the exchange $0. Accordingly, the
control conductors of any group of ten sub-

. scriber lines in a larger group of two thousand

30
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rection and a rotary magnet M991 for driving the -

wiper carriage step by step in the rotary direction.
Also, there are associated with the wiper carriage
of the Strowger mechanism 920 four sets of
switch springs S964, S965, S966 and S980 which
are actuated when the wiper carriage is moved
in the vertical direction away from its normal
position; two-sets of switch springs S940 and
5918 which are actuated when the wiper car-
. riage is moved in the rotary direction away from
its normal position; a set of switch springs S9671
which is actuated when the wiper carriage s
moved in the rotary direction eleven steps away
from its normal position; and a set of switch
springs S963 which is actuated when the wiper
carriage is moved in the vertical direction past
the first level or row of contact sets in the asso-
ciated contact bank, Further, the director se-
lector switch €3 comprises an impulse relay R960,
& transfer relay R980, a timing relay R9390, a test
relay R850, a number of control relays R940 and
R910, and a control network connected and ar-
ranged in a manner more fully described herein-
after.

Preferably, one of the detectors included in
" each of the exchanges is identical to the de-
tector 70 included in the exchange 50; while the
other of the detectors included in each of the
exchanges is identical to the detector Ti in-
cluded in the exchange §0. Furthermore, the
detectors 70 and 71 are substantially identical
" except that a digit storing element provided in
the detector 70 is not provided in the detector
11, as is explained more fully hereinafter. The
detector 10 comprises, as best shown in Figs. 10
to 14, inclusive, five crossbar switches 100/ to
1005, inclusive, each of these switches being
identical and each having access to the control
conductors of as many as two thousand of the
subscriber lines terminating in the exchange §0.

40

subscriber lines terminating at the exchange §0
may be selected by operating the appropriate
horizontal and vertical bars of the first crosshar
switch (08{. Similarly, the control -conductors
of any group of ten subscriber lines in the group
of ten thousand subscriber lines terminating at
the exchange 50 may be selected by operating
the appropriate horizontal and vertical bars in
an appropriate one of the crossbar switches
1001 to 1008, inclusive.

Furthermore, the detector 70 comprises cross-
bar switch control networks individually asso-

" ciated with the respective crossbar switches, the

60

55.

60

65

70

crossbar switch control network {100 being in-
dividually associated with the first crosshar
switch 1001, The crossbar switch control net-
work (100 comprises first and second relays IM
and 2M for respectively controlling the first and
second groups of horizontal magnets HMI to
HMS, inclusive, and HMS6 to HMI0, inclusive; an
odd hundred relay OC for controlling the first
group of vertical magnets VMI to VMI0, inclu- -
sive; and an even hundred relay EC for control-
ling the second group of vertical magnets VM1 1 to
VM20, inclusive. Further, the crossbar switch
control network 1100 comprises a relay MS for
controlling both of the first and second groups of
horizontal magnets HM{ to HMI0, inclusive; a
relay CS for controlling hoth of the first and sec-
ond groups of vertical magnets VM1 to VM20,
inclusive; and a relay DS for controlling circuits
extending by way of the individual pairs of con-

.tact springs included in each contact set in each
. crossbar switch. At this point it is noted that

the cable 1011 comprises ten leads respectively
connected t0'vcorresponding contact springs of
the ten pairs of contact springs in each confact

.set in each . crosshar switch.

Also, the detector 10 comprises a counting re-
lay network 1200 including ten ‘counting relays
iR to (0R, inclusive, three switching relays RA,
RB and RC, four code storing devices 10SM,
10SC, 10SD and 10SU, and four selecting relays

. MK, CK, DK and UK. The code storing de-

75

vices 710SM, 10SC, 10SD and 10SU are adapted
respectively to store codes corresponding to the




6 ,
thousand, hundred, ten and unit digits of the
" directory number of a calling subscriber line ter-
minating at the exchange §0 in a manner more
fully described hereinafter. Specifically, each
of the code storing devices TOSM, 10SC, 10SD
and 10SU comprises ten relays respectively cor-
responding to the ten digits. For example, the
code storing device T0SM comprises ten relays
{SM to 10SM, inclusive, respectively correspond-
ing to the thousand digits 1 to 0. Similarly, the
code storing device 105C comprises ten relays
ISC to 10SC, inclusive, respectively correspond-
ing to the hundred digits 1 to 0. Finally the
code storing devices T0SD and 10SU respectively
comprise ten SD relays and ten SU relays bear-

[

ing the previously mentioned relationships to the

10 ten digits and the 10 unit digits. The select-
ing -relays MK, CK, DK and UK are arranged
to . associate the counting relay network 1200
selectively and sequentially with the code storing
devices T0SM 10SC, 10SD and 10SU. Also, four
locking-relays ML, CL, DL and UL are respec-
tively -associated with the four code storing de-
vices T0SM, 10SC, 70SD and 10SU for a purpose
more fully described hereinafter.

It is noted that the code storing device T0SM
is connected and arranged to control by way of
the cable 1103 the magnets IM, 2M, 3M, M, etc.,
respectively associated with the first crossbar
switch 1001, the second crossbar switch 1002,
ete.; the code storing device 70SC is connected
and arranged to control by way of the cable 110t
the first and second groups of horizontal mag-
nets in the various crossbar switches; the code
storing device 10SD is connected and arranged
to.control by way of the cable | 104 the first and
second groups of vertical magnets 'in the various
crossbar switches; and the code storing device
10SU is connected and arranged to control by
way of the cable 1105 the circuits which are
adapted to be completed through the individual
pairs of contact springs in the various contact
sets in the various crossbar switches. )

Further, the code storing devices T0SM, 10SC,
70SD and 10SU are adapted to mark by way of
the WXYZ leads in the first, second, third and
fourth groups of marking leads (451, 1452, 1453
and (454, respectively, in the cable 1455, the
thousand, the hundred, the ten, and the unit
- digits.of the directory number of the calling sub-

scriber line terminating at the exchange 50.
.. More particularly, it is noted that each of the
code  storing. devices marks by way of the four
of WXYZ leads in the associated group of mark-
ing leads the particular digit by utilizing a code
arrangement. For example, the code storing de-
vice T0SM marks by way of the WXYZ leads in
the first group of marking leads 1451 in the cable
1455 the particular thousand digit of the direc-
tory number of a calling subscriber line terminat-
ing at the exchange 50 In accordance with the
following code: ’

Mml-'llreg lgads
' s

Particular thousand digit group of
leads 1451
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Further, the detector 10 comprises a rotary
switch F1120 including a wiper 1123 provided .
with an associated contact pank and a magnet
M1 121 for driving the wiper noted; 8 transformer
{355 associated with a tone lead CI10T common
to the five crossbar switches, a 2000 cycle alter-
nating current generator 1352; a vacuum tube
detector or rectifier {305; and an alarm device
Al300. Furthermore, the detector 10 comprises
a start relay R1350, two test relays R1320 and
R1330, an alarm relay R1340, a check relay R1360,
an impulse relay R1310, a reset relay RI1300, and
a control network connected and arranged in a
manner more fully described hereinafter.

The detector 71 is connected and arranged ina
manner substantially identical to that of the de-
tector 10 except that the four code storing devices
11SM, T1SC, 11SD and 1iSU therein are not con-
nected and arranged to mark by way of the
WXYZ leads in the four groups of marking leads
{451, 1452, 1453 and 1454 the codes stored there-
in. Further, the code storing devices included in

* the respective detectors 10 and 71 are connected

and arranged to provide a series chain circuit for

= controlling the energization of the check relay

R1360 for a purpose more fully described herein-
after. i
Preferably, each of the toll ticket repeaters in
the various exchanges is identical to the toll
ticket repeater 65 included in the exchange 50,
which toll ticket repeater comprises, as best shown
in Figs. 15 and 16, a rotary switch S1680 includ-
ing six wipers 1684, 1685, 1686, 1687, 1688 and
1689 provided with individually associated con-
tact banks and a magnet M1681 for driving the
wipers noted; a rotary switch F1690 including
eicht wipers 1693, 1694, (685, 1696, 1697, 1698,
1698 and. 1691 provided with individually asso-
ciated contact banks and a magnet MIi681 for
driving the wipers noted; a rotary switch
TU1570 including four wipers 1581, 1578, 1875 and
1513 provided with individually associated con- -
tact banks and a magnet MISTI for driving the
wipers noted; a rotary switch D1590 including
three wipers 1596, 1595 and 1583 provided with
individually associated contact banks and a mag-
net Mi581 for driving the wipers noted; and a
rotary switch T1560 including two wipers 1563
and 1564 provided with individually associated
contact banks and a magnet MI561 for driving
the wipers noted. Furthermore, there are asso-
ciated with the rotary switch U1570 two sets of
switch springs SI1587 and Si1598 which are actu-
ated when this rotary switch is operated away
from its normal rotary position. Also, there is
associated with the rotary switch S1680 a set of
switch springs S1689 which is actuated when this

_ rotary switch is operated away from its normal
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rotary position. Finally, there is associated with

the rotary switch FI890 a set of switch springs
81617 which is actuated to one position when the"
rotary switch F1690 occupies any one of its first
to twelfth: operated positions and which is actu-
ated to a second -position when the rotary switch
1690 occupies any one of its thirteenth to

» twenty-fifth operated positions.

Further, the repeater 65 comprises twelve code
storing device Si601 to Si612, inclusive, which
are utilized for a purpose more fully described
hereinafter. Each of the code storing devices
includes four relays comprising WXYZ relays.
For example, the first code storing device Si1601
includes four relays IW, IX, I'Y and {Z which are
operated to store the code in the first code stor-
ing device SI801 in a manner more fully de-
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scribed hereinafter. Finally, the repeater 65
comprises a hold relay R1500, a line relay RI505,
a time start relay R1540, two timing relays R1545
and R1525, a test relay R1620, an impulse relay
RI1625, two switching relays R1660 and R1670, a
number of control relays RI510, R1520, R1530,
R1630, RI1640 and R1650, an impedance -element
11548, and a circuit network connected and ar-

5

ranged in a manner more fully described herein- .

after.

Preferably, each of the converters included in
the various exchanges is identical to the con-
verter 66 included in the exchange 50, which con-
verter comprises, as best shown in Fig, 17, a ro-
tary switch NITT0 -including four wipers 17171,
1172, 1713 and IT15 provided with individually
associated contact banks and a magnet MIT17
for driving the wipers noted; and a rotary switch
RIT190 including two wipers 1793 and 1794 pro-

~vided with individually associated contact banks
and a magnet MIT9f for driving the wipers
noted. Further, there is associated with the ro-
tary switch R1790 a set of switch springs S{1796
which is actuated when the rotary switch RI1790
is operated away from its normal rotary posi-
tion. Furthermore, the converter 66 comprises
eight code storing devices SI1T0f to SI1708, in-
clusive, which are utilized for a purpose more
fully described hereinafter, each of the code stor-
ing devices including four relays, comprising

WXYZ relays, which are operated to store the:

code therein. Also, the converter 85 comprises
an impulse relay RI745, a test relay RIT4), a
switching relay R1106, a cut-off relay R1730 and
a number of contro] relays RI710, R1720, RI750,
RI155, R1160 and Ri165, and a circuit network
connected and arranged in a manner more fully
_ described hereinafter,

Preferably, each of the printer controllers in- -

cluded in the various exchanges is identical to
the printer controller 67 included in the exchange
.50, which printer controller comprises, as best
shown in- Figs. 18, 19, 20 and 21, ten multiplier
-switches, one of which is illustrated at 2160.
The multiplier switch 2160 comprises a Strowger
mechanism 2100 including a wiper carriage mov-
able in both vertical and rotary directions, a
main wiper set including four wipers 2104, 2102,
2103 and 2104 carried by the wiper carriage, a
vertical test wiper set including two wipers 2108
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and 2110 movable only in the vertical direction '

with the wiper carriage, and a rotary test wiper
set including two wipers 2112 and 2113 movable
only ‘in the rotary direction with the wiper car-
riage. Further, the Strowger mechanism 2100
comprises a main contact bank associated with
the main wiper set and.including ten vertically
spaced-apart rows of contact sets, each row of

-switch CIi840 including five wipers 1841,

fully described hereinafter.

7

Furthermore, the printer controller 61 com-
prises a rotary switch S1830 including five wipers
1831, 1832, 1833, 1834 and (835 provided with
individually associated contact banks and a mag-
net M1838 for driving the wipers noted; a rotary
1842,
1843, 1844 and 1845 provided with individually
associated contact banks and a magnet Mi1846 for
driving the wipers noted; a rotary switch R1900
including six wipers 1901, 1962, 1903, 1904, 1905
and {906 provided with individually associated
contact banks and a magnet MI1907 for driving
the wipers noted; and a rotary switch T2040
including five wipers 2041, 2042, 2043, 2044 and
20456 provided with Individually associated con-
tact banks and a magnet M2046 for driving the
wipers noted. Also, a set of switch springs S2049
is associated with the rotary switch T2040 which
is actuated when the rotary switch T2040 is oper-
ated away from its normal rotary position. Fur-
thermore, the prinfer controller 61 comprises
twenty-two code storing devices S2001 to 52022,
inclusive, which are utilized for a purpose more
Each of the code
storing devices includes four relays, comprising
WXYZ relays, which are operated to store there-
in the code, in a manner more’ fully described
hereinafter. .

Furthermore, the printer controller 87 com-
prises four marking relays WA, XA, YA and ZA
associated with the respective wipers 1841, 1842,
1848 and 1844 of the rotary switch C1840, an im-
pulse relay R1940, a hold relay RI810, and a
number of control relays R1820, R2025, R2050 and

5 R2120. A test relay R2{25, a transfer relay

R2060 and a stop relay R2010 are included in the
printer controller 671 and are commonly associ-
ated with each of the multiplier switches in-
cluded therein. Finally, the printer controller
67 comprises a circuit network connected and
arranged in a manner more fully described here-

-inafter.

Preferably, the date and time units included
in the various exchanges is identical to the date

5 and time unit 68 included in the exchange 50,

which date and time unit is connecied and ar-

~ranged in & manner identical to that of the unit

disclesed in Figs. 36 to 39, inclusive, of the co-
pending application of John E. Ostline, Serial-
No. 278,728, filed June 12, 1939. More specifi-
cally, the date and time unit 68 comprises eight
groups of marking leads 2030 to 2031, inclusive,
wherein each group of marking leads includes
four or WXYZ leads. More particularly, the two
groups of marking leads 2030 and 2031 corre-
spond to the ten and unit digits of the day; the
two groups of marking leads 2032 and 2033 cor-

* .-respond to the ten and unit digits of the month;

contact sets being peripherally arranged and in- -

cluding ten individual contact sets.
Strowger mechanism 2100 comprises a vertical
test bank 2108 associated with the vertical test
wiper set and a rotary test bank 21i1 associated
with the rotary test wiper set. Finally, the
" Strowger mechanism 2100 comprises a vertical
magnet M2i04 for driving the wiper carriage
step by step in the vertical direction and a rotary
magnet M2106 for driving the wiper carriage step
by step in the rotary direction.. Also, there is

associated with the wiper carriage of the Strow-

ger mechanism 2100 a set of switch springs

Also, the.
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~ of the minute.
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S2074 which is actuated when the wiper carriage -

is moved in the vertical direction away from its
normal position,

76.

the two groups of marking leads 2034 and 2035
correspond to the tem and unit digits of the -
hour; and the two groups of marking leads 2036
and 2037 correspond to. the ten and unit digits
At this point il is noted that
the eight groups of marking leads 2030 to 20371,
inclusive, are commonly associated witl: each of
the printer controllers in the exchange 58, these
groups of marking leads being respectively as-
sociated with the ccde storing devices S20(§ to
$2022, inclusive, incorporated-in the printer con-
troller 67.

Preferably, each of the tcll ticket printers in-
cluded in the various exchanges is identical to
the toll ticket printer 69 included in the exchange
§0, which toll ticket printer is connected and
arranged in a manner identical to that of the
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toll ticket printer disclosed in Figs. 29 and 30 of
the copending application of John E. Ostline,
Serial No. 278,729, filed June 12, 1939. At this
point it is noted that{ a group of marking leads

2150 comprising ten individual marking leads

2,207,365

ex:ending to the printer 67 is associated with

the main contact bank of the Sirowger mecha-
nism in each of the multiplier switches by way

of a jumper field, the contact bank of the Strow- .

ger mechanism 2108 of the multiplier switch 2160
being associated with the group of marking leads
2150 by way of the jumper field 215t. Further-
more, the contact bank individually  associated
with the wiper 1901 of the rotary switch R1930
included in the printer controller 67 is associated
with the group of marking leads 2150 by way of
the jumper field 215t. The connections in .the
jumper field 2151 beiween the group of marking
leads 2150 and the contact banks noted are pro-
vided for a purpose more fully described here-
inafter. -

Preferably, each of the group selector switches,
such as the group selector switch 80 in the ex-
change 51, and each of the numerical selector
switches, such as the numerical selector switches
90 and 81 in the exchange 52, is & selector switch
of the well-known Strowger type; while each of
the connector .switches, such as the connector.
switch 92 in the exchange 52 is a connector
switch of the well-known Strowger type. The
dial repeater 81 operatively associated with the
one-way toll line 2201 extending from the ex-
change 51 to the exchange 52 may be any one of
a number of well-known types, and the details
of the construction and arrangemen: of this dial
repeater are not described herein as they form
no part of the present invention.

The toll ticket printer 69 is so constructed and
arranged that it is adapsed to be controlled
from any one of the printer controllers to print
a toll ticket of the character of that shown in
Fig. 24. Referring to Pig. 24, it is noted that the
toll ticket printer 69 is operative to print the fol-
lowing information upon the toll ticket:

1. The exchange code and directory number of
the calling subscriber line. '

2. The exchange code and directory number of
the called subscriber line.

3. The day and month of the call. "

4. The hour and minute of the call.

5. The rate applicable to the call.

6. The duration of the call in minutes.

7. The cost of the call in appropriate mone-
tary values. (In the present example, in shillings
and pence.) ’

As previously noted, & modified form of detec-

tor arrangement may be substituted for the de-
tectors 70 and Ti. This modified form of detector
arrangement utilizes only one detector and is
otherwise substantially identical to theé detector
710, shown in Figs. 10 to 14, inclusive, except that
the code storing devices T0SM, 10SC, 10SD and
10SU and the counting relay network (208 in-
cluded in the detector 10 have heen replaced
with rotary switches. More specifically, it is'con-
templated that the alternative form of detector
arrangement will comprise apparatus substan-
tially identical to the apparatus shown in Pigs. 10,
11 and 13 included in the detector 70 and the
apparatus shown in Fig. 25.

Referring now more particularly to Fig. 25, this
portion of the alternative form of the detector

10

15

cluding four wipers 2501, 2502, 2603 and 2504
provided with individually associated ' contact
banks and s magnet M2505 for driving the wipers
noted; s rotary switch C2510 including five wipers
2511, 2612, 2513, 2514 and 2548 provided with in-
dividually associated contact banks and a magnet
M2516 for driving the wipers noted; a rotary
switch D2520 including four wipers 2521, 2522,
2523 and 2524 provided with individually asso-
ciated contact banks and a magnet M2525 for
driving the wipers noted; a rotary switch U2530
including four wipers 2531, 2532, 2533 and 2534
provided with individually associated contact
banks and a magnet M2535 for driving the wipers
noted; a rotary switch S2540 including four wipers
2541, 2542, 2543 and 2544 provided with indi-

" vidually associated contact banks and a magnet
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arrangement comprises a rotary switch M2500 in~- 75

M2545 for driving the wipers noted; and a ro-
tary switch F2580 including a wiper 2581 pro-
vided with an associated contact bank and & mag-
net M2582 for driving the wiper noted. Also
associated with the rotary switch U2530 is a set
of switch springs S2537 which is actuated when
the rotary switch U2530 is operated away from
its normal rotary position. Further, this portion
of the modified form of the detector arrangement
comprisés an impulse relay R2555, two test relays
R2550 and R2560, a start relay R2585, a control
relay R2510, and a circuit network connected and
arranged in a manner more fully described here-
inafter. . :

It is noted that the rotary switches M2500,
C2510, D2520 and U2530 constitute code regis-
tering switches and respectively correspond to the
code storing devices T0SM, 70SC, 10SD and 108U
in the detector 10. Further, the rotary switch
S2540 constitutes a sequence switch and performs
substantially the same functions as the selecting -
relays MK, CK, DK and UK in the detector 10.
Finally, it is noted that certain of the relays pro-
vided in this portion of the alternative form of the
detector arrangement correspond to certain of
the relays provided in the detector 70. The par-

ticular manner in which this portion of the al-

ternative form of the detector arrangement co-
operates with the apparatus, shown in Figs. 10,
11 and 13, of the detector 10 is described more
fully hereinafter.

A better understanding of the connection and
arrangement of the apparatus incorporated in the
telephone system will be facilitated from a con-
sideration of the detailed operation of the vari-
ous pieces of apparatus incident to the extension
of a call from the originating exchange 50 to the
terminating exchange 52, as will appear herein-
after.

Selection of an idle director selector switch

When a call is initiated at the subscriber sub-
station associated with one of the subscriber lines
terminating at the originating exchange 50, an
idle director selector switch is automatically as-
sociated with the calling subscriber line in & man-
ner more fully described below. ¥or example,
when a call is initiated at the subscriber substa-
tion Tt by removing the receiver of the telephone
jnstrument. thereat from its associated switch-
hook, a bridge path is completed thereat between
the line conductors C251 and C252 of the sub-
seriber line 250 and a circuit is completed for
energizing the winding of the line relay R200 in

-the line switch 68 individually associated with the

subscriber line 250. This- circuit extends from
ground by way of the contacts 213, C252, the
bridge path at the subscriber substation Tt be-
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tween the line conductors C262 and C251, C251,

the contacts 211 and the winding of R200 to bat-

tery.” When energized over the above-traced cir-
cuit, the line relay R200 operates to complete, at
the contacts 201 and 202, a circuit for energizing
the magnet M228 of the rotary switch D220 and
a path for short-circuiting the winding of the
hold relay R210.. The circuit for energizing the
winding of the magnet M228 extends from ground
by way of the contacts 201, the wiper 226 and
engaged first contact in the associated contact
bank of the rotary switch D220, the contacts 202,
215 and 229, and the winding of M228 to battery.
The path for short-circuiting the winding of the

hold relay R210 extends from the upper terminal .

10.

15

of the winding of R210 by way of the wiper 226 .

and engaged first contact in the associated con-
tact bank of the rotary switch D220, and the con-
tacts 202 and 215 to the lower terminal of the
winding of R210. Also, upon operating, the line
relay R200 completes, at the contacts 201, an ob-
vious path for applying ground potential to the
control conductor C253 of the subscriber line 250,
thereby to mark the subscriber line 250 as busy
to the connector switches of the local swifch train
in the exchange 50 having access thereto. When
the winding of the magnet M228 is energized over
the above-traced circuit, the magnet M228 oper-
ates to interrupt, dat the contacts 229, a point in
the previously traced circuit for energizing. the
winding thereof and to prepare the wipers 221,
222, 223, 226 and 22T of the rotary switch D220
to be driven one step in the clockwise direction.
When the previously traced circuit for energizing
the winding of the magnet M228 is interrupted at
the contacts 229, the magnet M228 restores to
drive the wipers noted of the rotary switch D220
one step in the clockwise direction and to re-
complete, at the contacts 229, a test circuit for
energizing the winding of the magnet M228.
More particularly, when the wiper 226 of the

20

rotary switch D220 is driven’ one step in the .

clockwise direction, it disengages the first contact

in the associated contact bank and engages the

‘second contact in the associated contact bank,
which second contact terminates the control con-
ductor of a trunk line extending to a first code
selector switch. Assuming that the first code
selector switch is busy, ground potentidl appears
upon the control conductor thereof, whereupon
an alternative circuit is completed for energizing
the winding of the magnet M228 and an alterna-
tive path is completed for short-circuiting the
winding of the hold relay R210. The alternative
circuit for energizing the winding of the magnet
M228 extends from: the grounded eontrol con-

ductor of the trunk line extending to the busy.

- first code selector switch by way of the wiper 226
of the rotary switch D220, the engaged second
contact in the associated contact bank, and the

4
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switch D220 engages a contact terminating the
control conductor of a trunk line extending to an
idle first code selector switch, whereupon further
operation of the magnet M228 is arrested due to

the absence of ground potential appearing upon

the control conductor of the trunk line extending
to the idle first code selector switch. .
Assuming that the first code selector switch 61
is the first idle first code selector switch in the
associated group of first code selector switches,
the magnet M228 continues to operate until the
wipers of the rotary switch D220 are operated
into engagement with the contacts in the asso-
ciated contact banks terminating the conductors
of the trunk line 280 extending to the first code
selector switch 61, whereupon further operation
of the magnet M228 is arrested due to the absence
of ground potential upon the control conductor
C263 of the trunk line 260. Also, at this time, the
previously traced alternative path for short-cir-
cuiting the winding of the hold relay R210 is
interrupted, whereupon the winding of the hold
relay R210 is energized in series with the wind-
ing of the magnet M228. This series circuit ex-
tends from ground by way of the contacts 201,
the winding of R210, the contacts 229 and the
winding of M228 to battery. When energized
over the above-traced circuit, the hold relay R210
operates; however, the magnet M228 does not
operate due to the high series resistance of the
winding of the hold relay R2i0. Upon operating,
the hold relay R210 interrupts, at the contacts 21|
and 213, points in the previously traced circuit for
energizing the winding of the line relay R200 and
completes, at the contacts 212 and 214, & circuit
for energizing in series the upper and lower wind-
ings of the line relay R370 in the first code
selector switch 61; however, the line relay R200,

. being of the slow-to-release type, does not im- -
mediately restore. = Also, upon operating, the hold

relay R210 completes, at the contacts 211, a cir-
cuit for energizing the winding of the meter
magnet M240, this circuit extending from ground

" in the first code selector switch 6f by way of the

contacts 329, the conductor C264 of the trunk line
260, the wiper 221 and engaged contact in the
associated contact, bank of the rotary switch
D220, the contacts 217 and the winding of the

" meter magnet M240 to battery. When energized

over the above-traced circuit, the meter magnet
szo operates, thereby to cause the meter to
register a call upon the -associated subscriber

" line 250.
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contacts 202, 215 and 229, and the winding of -

M228 to battery. The path for short-circuiting
the winding of the hold relay R210 extends from
ground' potential appearing upon the wiper 226
of the rotary switch D220 by way of the contacts

65

202 and 215, the winding of R210 and the con- .

tacts 201 to ground. When the magnet M228 is-

‘energized over the above-traced alternative- cir-
cuit, it again operates and restores as previously
explained, thereby to drive the wipers noted of the
rotary switch D220 an additional step in‘the
‘clockwise direction. The magnet M228: continues
-to'operate in order to drive the wipers noted of

70

the rotary switch D220 step by step in the clock- .
wise' direction until the wiper 226 of the rotary 75 When energized. over the' above-traced circuit,

The circuit for energizing in series the upper
and lower windings of the line relay R310 in the
first code selector switch 61 extends from ground
by way of the lower winding of R310, the con-
tacts 313, the line conductor €262 of the trunk
line 260, the wiper 222 and engaged contact in the
associated contact bank of the rotary switch D220,
the contacts 214, C252, the bridge path at the

subscriber substation T between the line con-~

ductors C252 and C251 of the subscriber line
250, C251, the contacts 212, the wiper 221 and
engaged contact in the associated contact bank .

.0f thé rotary switch D220, the line conductor

C261 of‘the trunk line 26'0, the contacts 312 and’
the upper winding of R370 to'battery.” When

energized over the above-traced circuit, the line = -
relay R3_70‘ operates to complete, at the contacts -
.31, a circuit for energizing the winding. of the

control relay R410, thig circuit - extenditig from
ground by way of the contacts 311, C114, the con-
tacts 407’ and the winding of R410 to battery.




10
the relay R410 operates to complete, at the con-
tacts 413, a circult for energizing the winding of
. the hold relay R350, this circuit extending from
ground by way of the contacts 413, C116 and the
winding of R350 to battery, whereupon the relay
R350 operates. Also, upon operating, the con-
trol relay R410 completes, at the contacts 414, a
path for applying ground potential to the con-
trol conductor C263 of the trunk line 260, this
path extending from ground by way of the wind-
ing of the impedance element 1458, C119 and the
contacts 414 to the control conductor C263. This
application of ground potential to the control
conductor C263 of the trunk line 260 completes
a holding circuit for energizing the winding of
the hold relay R210 and the winding of the mag-
net M228 in the line switch 60 in series circuit
relationship, this circuit extending from the
grounded control conductor €263 by way of the
wipers 226 and engaged contact in the associated
contact bank of the rotary switch D220, the
contacts 216, the winding of R210, the contacts
229 and the winding of M228 to battery. When
thig holding circuit is completed, the hold relay
R210 is retained in its operated position; how-
ever, the magnet M228 does not operate due to
the high series resistance of the relay R210 as
previously noted. Subsequent to the completion
of the above-traced holding circuit for energiz-
ing in series the windings of the hold relay R210
and the magnet M228, the line relay R200 re-
stores to interrupt, at the contacts 201, the pre-
viously traced original circuit for energizing in
series the winding of the hold relay R2106 and the
winding of the magnet M228,

Also, upon operating, the control relay R410
completes, at the contacts 4185, a path for apply-
ing ground potential to the wiper 914 of the
selector hunting switch 62 individually asso-
ciated with the first code selector switch 61 for a
purpose more fully described hereinafter. This
path extends from ground by way of the resistor
418, the contacts 415, Ci25, the contacts 386, the
set of switch springs S372, CI26, the lower and
upper windings of the test relay R430, and the
control conductor C908 of the irunk line 900
extending between the first’ code selector switch
61 and the selector hunting switch 62 to the
wiper 914 of the selector hunting switch 62.
Also, upon operating, the relay R410 completes,

at the contacts 412, a circuit. for energizing the

upper winding of the control relay R420 in series
with the right-hand winding of the control re-
lay R330 and the winding of the impulse relay
R340. This circuit extends from ground by way
of the contacts 443, the upper winding of R420,
" the contacts 412, C104, the right-hand winding
of R330, C101, the contacts 401, the contacts 441,
C100 and the winding of ‘R340 to battery. ‘When
energized over the above-traced circuit, the con-
trol relay R420 and the impulse relay R340 op-
erate; however, the control relay R330 does not
operate due to the fact that both the left-hand
and the right-hand windings thereof must be
energized before this relay may be operated.
Upon operating, the hold relay R350 completes,
at the contacts 351, a holding circuit for energiz-
ing the winding thereof, this circuit extending
from ground by way of the contacts 351, Cii3,
the contacts 421, C116 and the winding of R350
to battery. Also, upon operating, the hold relay
R350 completes, at the contacts 352, a circuit for
energizing the winding of the control relay R450.
This circuit extends from the grounded control
conductor C263 of the trunk line 260 by way of
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the contacts 414, Ci18, the contacts 352, CII8
and the winding of R450 to battery. When en-
ergized over the above-traced circuit, the relay
RA450 operates to complete, at the contacts 453,
a circuit for energizing the left-hand winding of
the control relay R330, this circuit extending
from ground by way of the contacts 453, C110
and the left-hand winding of R330 to battery.
When both the right-hand and the left-hand
windings of the relay R330 are thus energized,
this relay operates to prepare, at the contacts
331, a point in a circuit for energizing the lower
winding of the timing relay R320 by way of the
impulse conductor C335.

Upon operating, the impulse relay R340 com-
pletes, at the contacts 341, a circuit for energiz-
ing the lower winding of the transfer relay R369,
this circuit extending from ground by way of the
contacts 351, the contacts* 341, the contacts 374
of the set of switch springs S313, and the lower
winding of R360 to battery. When energized
over the above-traced circuit, the transfer relay
R360 operates -to complete, at the contacts 368,
a circuit for energizing the winding of the mag-
net M9t1 of the selector hunting switch 62 in-
dividually associated with the first code selector
switch 61. The circuit for energizing the wind-
ing of the magnet M9IT extends from ground
in the first code selector switch 61 by way of the
contacts 434 and 400, Ci28, the contacts 389, the
conductor C903 of the trunk line 900, the wiper
815 and engaged first contact in the associated
contact bank of the selector hunting switch 62, -
the conductor C902 of the trunk line 900, the
contacts 368, the conductor C901 of the trunk
line 800, the multipled contact bank 916 asso-
ciated with the wiper 815, the contacts 918 and
the winding of M9IT to battery. When en-
ergized over the above-traced circuit, the magnet
M91T operates to condition the wipers 940, 811,
912, 913, 9148 and 915 of the selector hunting
switch 62 to be driven one step in the counter-
clockwise direction and to interrupt, at the con-
tacts 918, the previously traced circuit for en-
ergizing the winding therzof, whereupon the
magnet MS9IT restores. Upon restoring, the
magnet MSIT drives the wipers noted of the
selector hunting switch 62 one step in the coun-
terclockwise direction, whereupon the wiper 915
engages the second contact in the . associated
multipled contact bank 816, thereby to
complete an alternative circuit for energizing the
winding of the magnet M917. This alternative
circuit extends from ground in the first code se-
lector switch 61 by way of the contacts 434 and
400, C128, the contacts 389, the conductor C303
of the trunk line 900, the wiper 915 and engaged
contact in the associated multipled contact bank
916, the contacts 918 and the winding of M3i1
to battery. When the above-traced alternative
circuit for energizing the winding of the magnet
MS17 is completed, the magnet M917 operates in-
termittently, thereby to drive the wipers noted
of the selector hunting switch 62 step by step in
the counterclockwise direction until the wiper
914 of the selector hunting switch 62, having
ground potential thereupon, engages a contact
in the associated contact bank terminating a
control conductor of a trunk line extending to
an idle director selector switch having battery
potential thereupon. Assuming that the director
selector switch 63 is the first idle director selector
switeh in the group of director selector switches,
when the wiper 914 of the selector hunting switch
62 engages the contact in the associated contact
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bank terminating the control conductor CI35 of
" the trunk line 130 extending to the director se-
lector switch 63, further operation of the selector

11

- tacts 401, a circuit for energizing the upper wind-

hunting switch 62 is arrested due to the presence -

of battery potential upon the control conductor
C135. - More particularly, when the wiper 914 of
the selector hunting switch 62 engages the con-
tact in the associated contact bank terminating
the control conductor CI35, a circuit is com-
pleted for energizing in series the upper and
lower windings of the test relay R430 in the first
code selector switch 61, this circuit extending
from ground by way of the resistor 418, the con-

. ~ tacts 415, Ci25, the contacts 386, the set of

switch springs S312, C126, the lower and upper
windings of R430, the conductor C988 of the
trunk line 900, the wiper 9{4 and engaged con-
tact in the associated contact bank of the se-
lector hunting switch 62, C135, the set of switch
springs-S965 and the resistor 817 to battery.
When the upper and lower windings of the
relay R430 in the first code selector switch 61
are energized in series over the above-traced cir-
cuit, the relay R430 operates to interrupt, at the
contacts 434, the previously traced alternative
circuit for energizing the winding of the mag-
net M81T of the selector hunting switch 62,
thereby te arrest. further operation of the selec-
tor hunting switch 62 as previously noted. Upon
operating, the relay R430 completes, at the con-
tacts 433, a holding circuit for energizing the
upper winding thereof, this circuit extending
from ground in the first code selector switch 64
by way of the contacts 433, the upper winding

of R430, the conductor C908 of the trunk line ¢

900, the wiper 914 and engaged contact in the
associated contact bank of the selector hunting
switch 62, C135, the set of switch springs S96€5,
and the resistor 977 to battery. Also, upon oper-
ating, the relay R430 completes, at the contacts
431, a circuit for energizing the winding of the
cut-through relay R400, this circuit extending
from ground by way of the contacts 453, CI10,
the contacts 384, C109, the contacts 431 and the
winding of R#00 to battery. When energized
over the above-traced circuit, the cut-through
relay R400 operates to interrupt, at the contacts

401 and 403, the previously traced circuit for
energizing the winding of the impulse relay R430
and coimpletes, at the contacts 402 and 404, an
alternative circuit for energizing the winding of
the impulse relay R340 by way of the trunk line
900 extending between the first code selector
switch 61 and the director selector switch 63.
The last-mentioned circuit extends from ground
in the first code selector switch 61 by way of
the contacts 443 and 404, the conductor C905
of the trunk line 900, the wiper 811 and engaged
contact in the associated contact bank of the
selector hunting switch 62, the line conductor
C132 of the trunk line 130, the contacts 940, the
resistor 918, the line conductor CI31 of the trunk
line 130, the wiper 910 and engaged contact in
the associated contact bank of the selector hunt-
ing switch 62, the conductor C904 of the trunk
line- 900, the contacts 402 and 441, C100, and
the winding of R340 to battery..

" Also, .upon operating, the cut-through relay
. RA00 ‘interrupts, at the contacts 407’, the pre-
viously traced circuit for energizing the winding
of the relay R410 and completes, at the contacts
418, an obvious alternative circuit for energiz-
ing ‘the-winding thereof, thereby to retain the
relay R410 in its operated position. Further, the
cut-through relay R400 completes, at the con-
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ing of the impulse relay R960 in the direcor
selector switch 63, this circuit extending from
ground in the first code selector switch 6 by way
of the contacts 314, Ci14, the contacts 407, the
conductor C906 of the trunk line 900, the wiper
§13 and engaged contact in the associated con-
tact bank of the selector hunting switch 62, the
conductor Ci34 of the trunk line {30, the con-
tacts 945 and the upper winding of R960 to bat-
tery. When energized over the above-traced cir-
cuit, the impulse relay R960 operates to com-
plete, at the contacts 961, a circuit for energiz-
ing the lower winding of the transfer relay R980,
this circuit extending from ground in the di-
rector selector switch 83 by way of the contacts
961, the set of switch springs S980, and the lower
winding of R980 to battery. When energized
over the above-traced circuit, the transfer relay
R980 operates to complete, at the contacts 984,
a circuit for energizing the winding of the con-
trol relay R970, this circuit extending from
ground by way of the winding of R918, the con-
tacts 984, the multipled unidirectional current
conducting devices in the form of copper oxide
rectifiers 998 and 999, and the resistor 957 to bat-
tery. When energized over the above-traced cir-
cuit, the relay R910 operates to complete, at the
contacts 875, an alternative holding circuit for~
energizing the winding thereof, this circuit ex-
tending from ground by way of the winding of
R970, the contacts 9715, the multipled rectifiers
958 and 959, and the resistor 951 to battery.
Also, upon operating, the transfer relay R980
prepares, at the contacts 986, an obvious circuit
for energizing the lower winding of the timing
relay R930 by way of the impulse conductor
C994 and completes, at the contacts 982, a path
for projecting dial tone current over the conduc-
tor CI33 of the trunk line {38. 'This path ex- -
tends from the ungrounded terminal of a ground-

ed transformer winding by way of the dial tone

conductor C996, the condenser 919, and the con- -
tacts 982 to the conductor CI33 of the trunk
line 130. Further, this dial tone current is pro-
jected by way of the conductor C133 of the trunk :
Iine 130, the wiper 912 and engaged contact in
the associated contact bank of the selector hunt- -
ing switch 62, the conductor C907 of the trunk
line 900, the contacts 405, C108, the condenser
355, the contacts. 362, C105 and the lower wind-
ing of the relay R428 to ground. The dial tone
current traversing the lower winding of the re-
lay R420 induces a coresponding current in the
upper winding thereof which traverses a path
extending from ground by way of the contacts
443, the upper winding of R420, the contacts 412,
C104, the right-hand winding of the relay R330,
the condenser 2353 and the contacts 312
to the line conductor C261 of the trunk line 269,
and from ground by way of the lower winding .
of the line relay R370 and the contacts 313 to
the line conductor C262 of the trunk line 260, the
line conductors C261 and C262 of the. trunk line
260 being connected together by way of the sub-
scriber line 260 and the bridge path at the sub-
scriber substation TI. Accordingly, this dial tone
current traverses the bridge path at the sub--
scriber substation TH, including the telephone in--
strument thereat, whereby the receiver of. the.’

telephone instrument produces dial tone in order *

to indicate to the subscriber thereat that he may..
dial the directory number of the called subscnber
substation,
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Selection of an idle director

Upon receiving dial tone, the subscriber at the
cubscriber substation T dials the directory num-
ber of the called subscriber line including the
three letters identifying the exchange at which b
the called subscriber line is terminated and the
four numerical digits identifying the particular
called subscriber line at the called exchange.
First, the subscriber at the subscriber substa-
tion Tl dials the first letter of the called ex-
change code, thereby to cause a series of im-~
pulses to be transmitted over the subscriber line
250 to the line relay R310 in the first code selec-
tor switch 61. More particularly, the previously
traced circuit for energizing the line relay R376
by way of the subscriber line 250 is intermit-
tently completed and interrupted, thereby to
cause the line relay R310 to operate and restore
intermitiently or follow the impulses of the first
jetter of the called exchange code. Upon restor-
ing, the line relay R370 interrupts, at the con-
tacts 311, the previously traced circuit for ener-
gizing the upper winding of the impulse relay
R9606 in the director selector switch 63, thereby
to cause the last-mentioned relay to restore.
Upon restoring, the impulse relay R960 inter-
rupts, at the contacts 961, the previously traced
circuit for energizing the lower winding of the
transfer relay R980 and completes, at the con-
tacts 962, a circuit for energizing in series the
upper winding of the transfer relay R980 and the
winding of the vertical magnet M990, this cir-
cuit extending from ground by way of the con-
tacts 962, 973 and 983, the upper winding of R980
and the winding of M980 to battery. When the
transfer relay R980 is energized over the above-
traced circuit, it remains in its operated position,
this relay being of the slow-to-release type; and
when the vertical magnet M990 is energized over 40
the above-traced circuit, it operates, thereby to
drive the wiper carriage of the Strowger mecha-
nism 920 one step in the vertical direction. Upon
reoperating, the line relay R310 in the first code
" selector switch 61 recompletes, at the contacts

371, the previously traced circuit for energizing
the winding of the impulse relay R960 in the di-
rector selector switch 63, thereby "to cause the
jast-mentioned relay to reoperate and interrupt,
at the contacts 962, the previously traced circuit
for energizing in series the upper winding of the
transfer relay R880 and the winding of the verti-
cal magnet M990. The line relay R3170 in the
first code selector switch 61 -continues to follow
the impulses comprising the first letter of the
called exchange code, thereby to cause the im-
pulse relay RE60 in the director selector switch
3 to operate in a similar manner, whereupon
the vertical magnet M990 operates in a similar
manner to drive the wiper carriage of the Strow-
ger mechanism 920 step by step in the vertical
direction a corresponding number of steps.

“When the wiper carriage of the Strowger
mechanism 920 is driven one step in the vertical
direction away from its normal position, the sets 5
of switch springs S980, S966, S965 and S964 are
actuated. More particularly, the set of switch
springs S980 is actuated into disengagement,
thereby to interrupt a further point in the pre-
viously traced circuit for energizing the lower
winding of the transfer relay R980; the set of
. switch springs S966 is actuated into engagement,
thereby to prepare a path, traced hereinafter, for
short-circuiting the winding of the relay R910, in
order to cause this relay to restore when the di- 75
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rector selector switch is ultimately released; the
set of switch springs S965 is actuated into dis-
engagement, thereby to interrupt a point in the
previously traced path for applying battery po-
tential to the control conductor C135 of the trunk
line 130, a multiple path being completed at this
time which extends from battery by way of the
resistor 977 and the contacts 972 to the control
conductor C135; and the set of switch springs
S964 is actuated into engagement, thereby to
prepare a circuit, traced hereinafter, for ener-
gizing the winding of the rotary magnet M991.

At the conclusion of the dialing of the first
code letter of the called exchange, the line relay
R370 in the first code selector switch 61 and the
impulse relay R960 in the director selector switch
§3 reoperate. The impulse relay R960 interrupts,
at the contacts 962, the previously traced circuit
for energizing in series the upper winding of the
transfer relay R980 and the winding of the ver-
tical magnet M990. The transfer relay R380, be-
ing of the slow-to-release type, restores shortly
thereafter. Upon restoring, the transfer relay
R980 interrupts, at the contacts 983, a further
point in the previously traced holding circuit for
energizing the upper winding thereof in series
with the winding of the vertical magnet M990, in-
terrupts, at the contacts 982, the previously traced
path for projecting dial tone current over the
conductor C133 of the trunk line (30, and com-
pletes, at the contacts 981, the previously men-
tioned circuit for energizing the winding of the
rotary magnet M991. The last-mentioned circuit
extends from ground by way of the set of switch
springs S964, the contacts 981, 954, 943, 931 and
992, and the winding of M93i to battery. When
energized over the above-traced circuit, the ro-
tary magnet M99( operates to drive the wiper
carriage of the Strowger mechanism 920 one step
in the rotary direction and to interrupt, at the
contacts 992, a point in the previously traced -
circuit for energizing the winding thereof in or-
der to cause the rotary magnet M99 to. restore.
Upon restoring, the rotary magnet M381 recom-
pletes,.at the contacts 992, the previously traced
circuit for energizing the winding thereof, where-
upon the rotary magnet M991 reoperates. Ac-
cordingly, the rotary magnet M99lI continues to
operate intermittently in order to drive the wiper
carriage of the Strowger mechanism 820 step by
step in the rotary direction until the wiper 925
carried by the wiper carriage engages a contact
in the associated contact bank terminating the
control conductor of a trunk line extending to
an idle director and having battery potential
thereupon. )

At this point it is noted that the operation
of the Strowger mechanism 920 in the vertical
direction a predetermined number of steps corre-
sponding to the first lstter of the called ex-
change code was effective to cause the director
selector switch 63 to select a corresponding group

" of directors. Assuming that the director 64 is

the first idle director in the group of directors
previously selected by the director selector switch
63, when the wiper 925 of the Strowger mech-
anism 920 engages the contact in the associated
contact bank terminating the control conductor
C605 of the trunk line 600 extending to the idle
director 64, further operation of the rotary mag-
net M98 is arrested. More specifically, when
the wiper 925 engages the contact in the associ-
ated contact bank terminating the control con-
ductor C605 of the trunk line 600, a circuit is
completed for energizing the upper and lower
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windings of the test relay R950 in-the director

selector switch 63 in series with the lower wind-
ing of the control relay R560 in the director 64.

This circuit extends from ground in the director -
selector switch 63 by way of the resistor 954, the

set of switch springs S963, the contacts 935 and
974, the lower and upper windings of the test
relay R950, the wiper 925 and engaged contact
in the associated contact bank of the Strowger

mechanism 920, the control! conductor C605 of

the trunk line 600, the contacts 611, C682, C511,
the wiper 728 and engaged first contact in the
associated contact bank of the rotary switch
MT20, C188, CT110, and the wiper 830 and en-
gaged first contact in the associated contact bank
of the rotary switch U820 to the conductor C579.
One branch of this path extends from the con-
ductor C579 by way of the resistor 5571 to bat-
tery; and the other branch of this path ex-
tends from the conductor C519 by way of the
contacts 531 and the lower winding of R560 to
battery. When energized over the above-traced
circuit, the test relay R950 in the director selec-
tor switch 63 operates to interrupt, at the con-

tacts 954, the previously traced circuit for ener-

gizing the winding of the rotary magnet M991,
thereby to arrest further operation of the rotary
magnet M99{ as previously explained. Also,
upon operating, the test relay R850 completes,
at the contacts 952, a holding circuit for ener-
gizing the upper winding thereof in series with
the lower winding of the impulse relay R560 in
the director 64. This circuit extends from
ground in the director selector switch 63 by way
of the contacts 952, the contacts 968 of the set
of switch springs S967, the contacts 933, and the
upper winding of R850 to the wiper 925 of the
.Strowger mechanism 920, the path between the
wiper 925 and battery at the lower winding of
the impulse relay R560 in the director 64 being
the same as that previously traced. When this
holding circuit is completed, the impulse relay
R560 in the director 64 is rendered fast to oper-
ate; however, it does not operate at this time.
When the wiper carriage of the Strowger
mechanism 920 is moved one step in the rotary
direction away from its normal position, the sets
of switch springs S940 and S9716 are actuated.
More particularly, the set of switch springs S940
is actuated into engagement, thereby to prepare
a point in a circuit, tracedq hereinafter, for en-
ergizing the winding of the control relay R940;
and the set of switch springs S976 is actuated
into engagement, thereby to prepare a circuit
for energizing the lower winding of the test re-
lay R956 subsequent to the operation of the
last-mentioned relay. The last-mentioned cir-
cuit is completed, at the contacts 952, when the
test relay R950 operates,
ground by way of the contacts 952, the contacts
969 of the set of switch springs S961, the con-
tacts 933, the lower winding of R950, the contacts

and extends from
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the winding of R340 and the contacts 951 to bat-.
tery. When energized over the above-traced cir-
cuit, the relay R840 operates to complete, at the
contacts 949, a multiple path around the contacts
974 in the previously traced circuit for energizing
the lower.winding of the test relay R950, thereby
to render the completion of the last-mentioned
circuit independent of the operated position of
the control relay R9710; to interrupt, at the con-
tacts 941, the previously traced circuit for ener- -
gizing the lower winding of the impulse relay
R960 in the director selector switch 63 in series
with the upper winding of the test relay R430 in
the first code selector switch 61; and to complete,
at the contacts 948, an alternative circuit for
energizing the upper winding of the ‘test relay
R430 in the first code selector switch 61. The
last-mentioned circuit extends from ground by
way of the contacts 433, the upper winding of
RA430, the conductor C908 of the trunk line 900,
the wiper 914 and engaged contact in the asso-
ciated contact bank of the selector hunting switch
62, the control conductor C¢35 of the trunk line
130, the contacts 948, and the resistor 8171 to
battery. Further, the relay R940 interrupts, at
the contacts 945, the previously traced circuit for
energizing the upper winding of the impulse re-
lay RS860, thereby to cause the last-mentioned
relay to restore; and completes, at the contacts
946, a path for applying ground potential ap-
pearing upon the conductor Ci34 of the trunk
line 130 to the wiper 924 of the Strowger mecha-
nism 920, Further, the relay R840 completes, at
the contacts 944, an obvious connection between
the wiper 928 of the Strowger mechanism 920
and the conductor CI33 of the trunk line 130
and interrupts, at the contacts 943, a further

- point in the previousiy traced circuit for ener-
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814 and 935, the set of switch springs 5963, the

resistor 955, the set of switch springs S976 and
the resistor 996 to battery. When the last-men-
tioned circuit for energizing the lower winding of
the test relay R950 is completed, this relay is
rendered slightly slow to release -subsequent to
the release of the director 64 in a manner more
fully explained hereinafter.

Also, upon operating, the test relay R950 com-
pletes, at the.contacts 951, the previously men-
-tioned circuit for energizing the winding of the
control relay R940, this circuit extending from
ground by way of the set of switch springs S940,
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gizing the winding of the rotary magnet M98{,
Finally, the relay R940 interrupts, at the con-
tacts 940, the previously traced circuit for ener-
gizing the winding of the impulse relay R340 in
the first code selector switch 61 and completes,
at the contacts 94f and 942, an alternative cir-
cuit for energizing the winding of the impulse
relay R340. The last-mentioned circuit extends -
from ground in the first code selector switch 61
by way of the contacts 443 and 404, the con-
ductor C905 of the trunk line 800, the wiper 911
and engaged contact in the associated contact
bank of the selector hunting switch 62, CI32,
the contacts 942, the wiper 922 and engaged con-
tact in the associated contact bank of the Strow-
ger mechanism- 920, the line conductor C602 of
the trunk line 600, the contacts 547, C674, the
wiper 845 and engaged first contact in the asso-
ciated contact bank of the rotary switch S840,
C87I, the unidirectional current conducting de-
vice in the form of a copper oxide rectifier 618,
C613, the contact 661, the line conductor C601 of
the trunk line 600, the wiper 921 and engaged
contact in the associated contact bank of the
Strowger mechanism 920, the contacts 941, Ci31,

" the wiper 910 and engaged contact in the asso-

ciated contact bank of the selector hunting

. switch 62, the conductor C904 of the trunk line

900, the ‘contacts 402 and 44l
winding of R340 to battery.
Upon restoring, the impulse relay R960 in the
director selector switch 63 completes, at the con-
tacts 962, the previously mentioned path for
short-circuiting the winding of the .control relay
RI7T0, this path extending from ground by way of
the contacts 962, the set of switch springs S966
and the winding of R910 to ground, thereby to

C100, and the A
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cause the last-mentioned relay to restore. When
ground potential appearing upon the conductor
C134 of the trunk line 130 is connected by way
of the contacts 946 to the wiver 824 of the Strow-
ger mechanism 820, a circuit is completed for
energlzing the upper winding of the impulse re-
1ay R560 in the director 64. This circuit extends
from ground potential appearing upon the wiper
924 of the Strowger mechanism. 920 by way of the
engaged contact in the associated contact bank,
the conductor C604 of the trunk line 600, and the
upper winding of RB60 to battery. When the
upper winding of the relay R560 is thus ener-
gized, the lower winding thereof having previous-
1y been energized as hereinbefore e lained, this
relay operates. Upon operating, the relay RE660
completes, at the contacts §62, a circuit for en-
ergizing the winding of the control relay RES0,
this circuit extending from ground by way of the
winding of R550, the contacts 8§52, the unidirec-
tional current conducting device in the form of a
copper oxide rectifier 566, and the resistor 555
to battery. When energized over the above-
traced ciréuit, the relay R550 operates to com-
plete, at the contacts 5§52, an obvious circuit for
energizing the winding of the control relay R530,
thereby to cause the relay R530 to operate. Upon
operating, the relay R530 Interrupts, at the con-
tacts 531, the previously traced circuit for ener-
gizing the lower winding of the relay R560; how-
ever, the last-mentioned relay remains in its-op-
erated position at this time due to the completed
circuit for energizing the upper winding thereof.
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clated contact bank of the rotary switch U820,

" C811 and the winding of MT15 to battery. When
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energized over the above-traced circuit, the relay
R880 operates to complete, at the contacts 882,
an obvious path for short-circuiting the lower
winding thereof, thereby to render the last-men-
tioned relay slow to release. Also, upon operat-
ing, the relay R880 completes, at the contacts
881, a circuit for energizing the winding of the
magnet M821 of the rotary switch U820, this cir-
cuit extending from ground by way of the wiper
824 and engaged contact in the associated con- .
tact bank 825, C865, the contacts 881, C863, C816
and the winding of M821 to battery. When ener-
gized over the above-traced circuit, the magnet
M821 operates, thereby to condition the wipers
822, 824, 826, 828 and 830 of the rotary switch
U820 to be driven one step in the counterclockwise
direction. Also, when the winding of the vertical
magnet MT15 is energized by way of the above-
traced circuit, the vertical magnet M11§ oper-
ates to drive the wiper carriage of the Strowger
mechanism 700 one step in the vertical direction.
Each time the impulse relay R560 reoperates, it
completes, at the contacts 562, the previously

~ traced circuit for energizing the winding of the
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Also, upon operating, the relay R530 completes, at

the contacts 532, an alternative path for applying
battery potential in the director 64 by way of the
resistor 557, the contacts 532, C682, and the con-
tacts 611 to the control conductor C605 of the
trunk line 600, thereby to retain the test relay
. R850 in the director selector switch 63 in its oper-
ated position. Further, the relay R530 prepares,

at the contacts 536, a circuit for energizing the’

lower winding of the timing relay R640 by way of
the impulse conductor C501.

Operation of the director to regiéter the second
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and third letters of the called exchange code -

and the four digits of the directory number of
the called subscriber line

When the calling subscriber at the substation
Ti dialed the first letter of the code of the called
exchange, the director selector switch 63 oper-
ated to select the idle director 64 in the corre-
sponding group of directors, as previously noted.
At this time, when the subscriber at the sub-
seriber substation Ti dials the second letter of
the called exchange, the line relay R370 follows
these impulses and causes these impulses to be
repeated to the impulse relay R560 in the direc-

tor 64, which last-mentioned relay also follows:

these impulses. Each time the impulse relay
R560 restores, it interrupts, at the contacts 562,
the previously traced circuit for energizing the
winding of the control relay R550 and completes,
at the contacts 561, an obvious path for short-
circuiting the winding of the relay R550, thereby
to render the last-mentioned relay slow to re-
lease. Also, upon restoring, the impulse relay
'R560 completes, at the contacts 561, a circuit for
energizing in series the upper winding of the con-
trol relay R880 and the winding of the vertical
magnet M115. The last-mentioned circuit ex-
tends from ground by way of the contacts
and 554, C518, the upper winding of R880, the

50

relay R550 and interrupts, at the contacts 561,
the previously traced circuit for energizing the
upper winding of the relay R880 in series with
the winding of the vertical magnet M1I5. As
previously noted, the relay R550 does not re-
store during impulsing due to the fact that the
winding thereof is alternately energized and
short-circuited. Similarly, the relay R880 does
not restore during impulsing due to the complet-
ed path for short-circuiting the lower winding
thereof. Accordingly, the vertical magnet MT15
is repeatedly operated a predetermined number
of times, corresponding to the second letter of
the called exchange code, thereby to cause the
wiper carriage of the Strowger mechanism 700
to be driven a corresponding number of steps in
the vertical direction. :

After the second letter of the called exchange
code has been dialed, the impulse relay R560 re-
operates, thereby to Interrupt the previously
traced circuit for energizing in series the upper
winding of the relay R880 and the winding of the
vertical magnet MT15, whereupon the relay R880
restores shortly thereafter and further operation
of the vertical magnet MT15 is arrested. Upon

restoring, the relay R880 interrupts, at the con-
" tacts 882, the previously mentioned path for
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wiper 828 and engaged first contact in the asso- 75

short~circuiting the lower winding thereof -and
interrupts, at the contacts 881, the previously
traced circuit for energizing the winding of the
magnet M821 of the rotary switch U820, thereby
to cause the last-mentioned magnet to restore.
Upon restoring, the magnet M821 of the rotary
switch U820 drives the previously noted wipers
thereof one step in the counterclockwise direc-
tion. When the wiper 828 of the rotary. switch
U820 is driven one step in the counterclockwise

" direction, it engages the second contact in the

associated contact bank, thereby to prepare a
circuit, traced hereinafter, for energizing the
upper winding of the relay R880 in series with
the winding of the rotary magnet M116.

The calling subscriber at the substation TI
then dials the third letter of the called exchange
code, whereupon the line relay R310 in the first
code selector switch 6f and the impulse relay
R560 in the director 64 follow the impulses of
the third letter of the called exchange code. as
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previously explained. The intermittent opera-
tion of the impulse relay R560 intermittently
completes the previously mentioned circuit for
energizing the upper winding of the relay R880
in series with the winding of the rotary magnet
M116, this circuit extending, when completed,
from ground by way of the contacts 56i and 554,
C518, the upper winding of R880, the wiper 828
and engaged second contact in the associated
contact bank of the rotary switch U820, C312
and the winding of M116 to battery.. Also, the
relay R880 reoperates and remains in its op-
erated position during impulsing, as previously
explained. Upon reoperating, the relay R880
recompletes, at the contacts 881, the previously
traced circuit for energizing the magnet MB821
of the rotary switch U820, thereby to cause the
last-mentioned magnet to operate and conditicn
the wipers noted of the rotary switch U820 to be
driven an additional step in the counierclock-
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first letter of the called exchange is permanently
established due to the selection by the director
selector switch 63 of the particular director 64.
The second letter of the called exchange code is
determined by the position of the vertical test
wipers 711 and 712 with respect to the vertical
test contact bank 713, and the marking path ex-
tends from the second group of WXYZ leads in
the second group of leads 792 by way of the straps
760 in thé jumper field 7i{4 and the engaged con-
tact set in the vertical test confaci bank 713 to

- the vertica] test wipers T1({ and 712 of the Strow-
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wise direction. Accordingly, the rotary magnet -

MT116 is repeatedly energized in accordance with
the impulses of the third letter of the called
exchange code, thereby to cause the wiper car-
riage of the Strowger mechanism 700 to be driven
a corresponding number of steps in the rotary
direction. Further, it is noted that when the

wiper carriage of the Strowger mecharism 700

is moved one step in the vertical direction away
from its normal position, the set of switch springs
S7118 is actuated into engagement, thereby fto
prepare an alternative circuit, traced herein-
after,
At the conclusion of the third letter of the called
exchange code, the relay R880 again restores,
thereby to mterrupt at the confacts 88(, the
previously traced circuit for energizing the mag-
net M821 of the rotary switch US20, whereupon
the wipers noted of the rotary switch U820 are
driven an additional step in the counterclock-
wise direction. More particularly, the wiper 828
of the rotary switch U820 engages the third con-

for energizing the rotary magnet MTI6.

ger mechanism 700. Finally, the third letter of
the called exchange code is determined by the
combination vertical and rotary position of the
wipers 10T and 108 carried by the wiper carriage
of the Strowger mechanism 100, and the marking
path extends from the WXYZ leads in the third
group of leads 793 by way of the straps 762 in the
Jjumper field 7{4 and the engaged contact set in
the main contact hank to the wipsis 707 and 198
of the Strowger mechanism 768. Finally, in the

- event- there is a toll charge Icv the call between
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tact in the associated contact bank, thereby fo

prepare a circuit, traced hereinafter, for energiz-
ing in series the upper winding of the relay R880
and the magnet M121 of the rotary switch M720.
© At the conclusion of the third letter of the
called exchange code the Strowger mechanism
700 occupies a predetermined vertical position
corresponding to the second letter of the called
exchange code and a predetermined rotary posi-
tion corresponding to the third letter of the
called exchange code. Accordingly, the wipers
10f to Ti0, inclusive, carried by the wiper car-
riage of the Strowger mechanism 700 engage the
individual contacts of a predetermined contact
set in the associated contact bank; and the test
wipers 711 and.T12 carried by the wiper carriage
of the Strowger mechanism 780 engage a pre-
determined contact set in the associated vertical
test contact bank Ti3. At this time there is
" registered in the contact bank associated with
the wiper 135 of the rotary switch T130 the three
letters of the called exchange code and the rate
) apphcable to the call between the originating
exchange 50 and the terminating exchange 52.
In the event the call is a local call or a call to
an adjacent exchange for which no toll charge
is made, no rate. is registered in the contact bank
associated with the wiper 735 of the rotfary
switch 'T130. Further, it is noted that the first
Tetter of ‘the called exchange code-is permanent-
ly connected by way of the straps 161 in the
jumper field 714 to the WXYZ leads of the first
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group of leads 191, in view of the fact that the 75

the originating exchange 56 and the terminating
exchange, this rate is determined by the combi-
nation vertical and rctary positions of the wipers
709 and 760 carried by the wiper carviags of the
Strowger mechanism 760, and the marking path

-extends from the WXYZ leads in the fourth group

of leads 794 by way of the straps 763 in the

jumper field Ti# and the engaged contact set in

the main contact bank to the wipers 799 and 710
of the Strowger mechanism 708. Finally, it is
noted that a predefermined number of the wip-
ers 101 to T06, inclusive, of the Strowger mech-
anism 700 engage contacts in the associated main
contact bank which are connected by way of the
straps 764 in the jumper field 714 to: predeter-
mined ones of the marking leads C151 to C750,
inclusive, in the group of marking leads 858;
while the remainder of the wipers 701 to 706, in-
clusive, of the Strowger mechanism 700 engage
contacts in the associated main contact bank
which are miultipled together and connected to
the cut-off lead CT85, for a purpose more fully
described hereinafter. i
The number of wipers of the Strowger mech-
anism T00 which are connected by way of the
straps 164 in the jumper field 7{4 to the mark-
ing leads in the group of marking leads 858 is de-
termined by the route over which the call is to -
be extended from the originating exchange to
the terminating exchange. At this point it is
noted that this number of wipers may comprise
any number between one and six, depending upon
the route of the call as noted above. In the pres-
ent example, where it is assumed that the call
from the subscriber substation TI in the orig-
inating exchange 50 is to be extended to the sub-
scriber substation T2 in the terminating exchange
52, the number of wipers which are connected to
marking leads in the group of marking leads 858
comprises two. . Specifically, the wipers 101 and
7102 of the Strowger mechanism 700 engage con- .
tacts in the associated contact bank which are
connected by way of the straps 764 in the jumper
field Ti4 to marking leads in the group of marking
leads 858; while the remainder of the wipers 703
to 106, inclusive, of the Strowger mechanism 700
engage contacts in the associated main contact
bank which are multipled to the cut-off lead

.C165. "The number of wipers of the Strowger
. mechanism T00 which are connected to marking

Ieads in the group of marking leads 858 comprises
two in the present example, in view of the fact
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that the first code selector switch 61 will absorb
one digit in order to find the idle toll ticket re-
peater 65 and the group selector switch 80 in the
intermediate exchange 51 individually associated
with the toll ticket repeater 65 will absorb an ad-
ditional digit in order to find the idle dial re-
peater 81 individually associated with the toll line
‘2201 extending to the terminating exchange 52.

The particular leads in the group of marking
leads 858 to which the contacts in the main con-
tact bank of the Strowger mechanism 700 en-
gaged by the wipers 101 and 102, respectively, are
connected by way of the straps-764 in the jumper
fleld 714 is determined by the two particular
digits which it is desired to transmit from the
director 64 to the first code selector switch 61
and to the group selector switch 80, as previously
explained. These two particular digits, which it
is desired to transmit respectively to the first code
selector switch 81 and to the group selector switch
. 80, are, In turn, determined by the Iocation of the
particular group of trunk lines, including the
trunk line 428 extending to the repeater 65, and
by the particular location of the group of toll
lines, including the toll line 2201 extending be-
tween the intermediate exchange 81 and the
terminating exchange 52.

Assuming that the designations of the originat-
ing exchange §0 and the terminating exchange
52 are respectively MONROE and MADISON, the
three letters of the codes of the respective ex-
changes will be MON and MAD. Further, it is
assumed that the distance between the originat-
ing exchange 50 and the terminating exchange 52
is such that a rate factor of 6 is applicable to a
toll call therebetween. Accordingly, at this time,
there are registered in the contact bank asso-
clated with the wiper 735 of the rotary switch
T130 digits respectively corresponding to the
letters MAD and & rate factor corresponding to
the digit 6. Further, it is noted that these digits
are registered in the contact bank associated with
the wiper 135 of the rotary switch T730 in code
by appropriate markings of the W'XYZ leads in
the first, second, third and fourth groups of
marking leads 794, 792, 793 and 794, respectively.
The particular manner of marking the WXYZ
marking leads is the same as that previously ex-
plained. For example, the rate factor 6 is regis-
tered in the fourth group of marking leads 784
by the straps 763 in the jumper field T4 ex-
tending between the marking leads YZ and the
contacts in the main contact bank of the Strow-
ger mechanism 700 which are engaged by the
‘wipers 709 and T10.

Continuing now with the operation of the di-
rector 64 to register the four digits of the di-
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subscriber line 2208, the relay R880 restores,
thereby to interrupt the previously traced circuit
for energizing the winding of the magnet M8$21
of the rotary switch U820, whereupon the wipers
of the rotary switch U820 are driven an addi-
tional step in the counterclockwise direction.

" Specifically, the wiper 828 of the rotary switch
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U829 is driven into engagement with the fourth
contact in the associated contact bank, thereby
to prepare a circuit for energizing the upper wind-
ing of the relay R880 in series with the winding
of the magnet M80I of the rotary switch C800.
Hence, at the conclusion of the first digit of the
directory number of the called subscriber line
2200, the wiper 125 of the rotary switch M720 en-
gages a contact in. the associated contact bank
corresponding to the first digit of the directory
number of the called subscriber line 2208 and
connected by way of one of the leads in the group
of marking leads 766 to a corresponding one of
the leads in the group of marking leads 858.

In view of the above description of the opera-
tion of the director 64 to register in the rotary
switch M720 the first digit of the directory num--
ber of the called subscriber line 2200, it will be
understood that the director 64 operates in a
similar manner, thereby to register in the rotary
switches €800, D810 and U820, respectively, the
second, third and fourth digits of the directory
number of the called subscriber line 2200. In
this connection, it is noted that when the wiper
828 of the rotary switch U820 disengages the fifth
contact in the associated contact bank thereof,
the wiper 824 of the rotary switch U820 disen-
gages the fifth contact in the associated contact
bank, thereby to interrupt the previously traced
circuit for energizing the winding of the magnet
M82§ of the rotary switch U820 by way of the
wiper 824 of the rotaryswitch U820. Furthermore,
when the wiper 828 of the rotary switch U820 dis-
engages the fifth contact in the associated con-
tact bank, it immediately engages the sixth con-

" tact therein, thereby to prepare a circuit for en-
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rectory number of the called subscriber line 2200, -

when the subscriber at the subscriber substation
T{ dials the first of these digits, the impulse relay
R370 in the first code selector switch 61 and the
impulse relay R560 in the director 64 operate as
previously explained, thereby to cause the upper
winding of the relay R880 and the winding of
the magnet MT121{ to be energized in series circuit
relationship. Each time the magnet MT2{ is ener-
gized and subsequently deenergized, the wipers
728, 125 and 128 of the rotary switch M1208 are
moved one step in the counterclockwise direction.
More particularly, the magnet M721 of the rotary
 switch M7T20 is energized and subsequently de-
energized a number of times corresponding to the
. first digit of the directory number of the called
subscriber line 2200. . At the conclusion of the
first digit of the directory number of the called
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ergizing the winding of the magnet M821 directly
in series with the upper winding of the relay
R880. This circuit extends, when completed,
from ground by way of the contacts 561 and 554,
C518, the upper winding of R880, the wiper 828 of
the rotary switch U820, the engaged sixth con-
tact in the associated contact bank, C816 and
the winding of M821 to battery. Accordingly,
after the fourth digit of the directory number of
the called subscriber line 2200 has been dialed at
the subscriber substation T1, there are registered
in the rotary switches M720, C800, D810 and U820,
respectively, the first, or thousand digit; the sec-
ond, or hundred digit; the third, or ten digit;
and the fourth, or unit digit of the directory
number of the called subscriber line 2200.

Operation of the director to transmit the direc-
tive digits and the four digits of the direciory
number of the called subscriber line registered '~
therein ‘

- The Strowger mechanism T00 occupies its fully

" operated position and the wipers noted of the
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rotary switch U820 engage the third contacts in
the associated contact banks at the conclusion
of the third letter of the called exchange code
and prior to the time the first digit of the direc-
tory number of the called subscriber line 2208
is dialed at the subscriber substation Tl, as pre-
viously explained. When the wiper 826 of the
rotary switch U820 engages the third contact in
the associated contact bank, a circuit is com-
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pleted for energizing the control relay R620.
This circuit extends from ground by way of the
contacts 533, C685, CB866, the wiper 826 of the

rotary switch U820 and engaged third contact in -

the associated contact bank, C168, the wiper 146
of the rotary switch CN740 and the engaged first
contact in the associated contact bank, C690, the
contacts 634 and 612, the winding of R620 and
the resistor 613 to battery. At this point it is
noted that when the director 64 is seized by the
director selector switch 63, a motor, not shown, is
operated to drive the first and second impulsing
devices 1614 and 1615 in synchronism, More par-
ticularly, the first and second impulsing devices
1614 and 1615 are rotated at a rate of ten revolu-
tions per second and are arranged 180 degrees
out of phase with respect to each other, each of
these impulsing devices comprising a wiper and
an associated drum, including complemeniary
conducting and insulating portions. Accordingly,
when the conducting portion of the drum of the
first impulsing device I6{4 engages the associated
wiper, the insulating portion of the drum of the
second impulsing device 1615 engages the asso-
ciated wiper. Further, it is noted that the first
impulsing device I614 constitutes Iine impulsing
means; while the second impulsing device 1§15
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constitutes control impulsing means. Finally, it

is noted that a path is provided for short-circuit-
ing the winding of the control relay R620 which
extends from the upper terminal of the winding
of R620 by way of the second impulsing device
1615 and the contacts 624 to the lower terminal of
the winding’ of R620. Accordingly, the' above-
traced circuit for energizing the winding of the
relay R620 incident to the operation of the rotary
switch U820 to cause the wiper 826 thereof to
engage the third contact in the associated con-
tact bank is not completed immediately unless
the second impulsing device 1615 occupies a po-
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sition wherein the insulating portion of the drum -

thereof engages the associated wiper, thereby to
interrupt the above-traced path for short-cir-
cuiting the winding of the relay R620.’ \

Upon operating, the relay R620 interrupts, at
the contacts 624, a further point in the above-
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traced path for short-circuiting the winding

thereof and completes, at the contacts 622, a
holding circuit for energizing the winding there-

of, this circuit extending from ground by way &

of the contacts 533, C685, the contacts 622, 634
and 612, the winding of R620 and the resistor
613 to battery. Also, upon operating, the relay
R620 completes, at the contacts 621, a circuit
for energizing the winding of the magnet M14{
of the rotary switch CN740, this circuit extend-
ing from ground by way of the contacts 63l
and 621, Cé81 and the winding of M741 to bat-

tery. When energized over the above-traced eir- -

cult, the magnet M741 operates, thereby to con-
dition the wiper 743, 745 and 146 of the rotary
switch CNT48 to be driven one step in the coun-
terclockwise direction away from their normal
positions. Also, upon operating, the relay R620
prepares, at the contacts 623, a point in a cir-
cuit traced hereinafter for energizing the wind-
ing of the magnet M84! of the rotary switch
S840, which circuit is completed when the sec-
cpd impulsing device I515 operates to cause the
conducting portion .of the drum thereof to en-
gage the associated wiper. The last-mentioned
circuit extends, when completed, from ground
by way of the contacts 533, C685, the contacts
622, 634 and 612, the second impulsing device
I615, the contacts 623, C617 and the winding of
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M841 to battery. When energized over the abbve-
‘traced circuit, the magnet M84| operates, there-
by to condition the wipers 843, 845, 849, 852 and
854 of the rotary switch S840 to be driven one
step in the counterclockwise direction, - When
the second impulsing device 1615 operates fur-
ther, in'order to cause the insulating portion
of the drum .thereof to engage the associated
wiper, the above-traced circuit for energizing-the
winding of the magnet M841 of the rotary switch
S840 is interrupted, thereby to cause the magnet
MB84t to restore and ‘drive the wipers noted of
the rotary switch S840 one step in the counter-
clockwise direction away from their normal
positions. ’ T

It is noted that the first impulsing device I614-
is adapted to complete one of two alternative
impulsing paths including the trunk line 600, one.
of these impulsing ‘paths being between the posi-
tive and negative line conductors C602 and C601,
respectively, of the trunk line §00 ; and the other
of these impulsing pathg being between the neg-
ative line conductor C801 and ground potential
in the director 64. The particular one of these
alternative impulsing paths which is completed
depends upon the operated or nonoperated posi-
tion of the -control relay R540 in the director 64,
which relay occupies itg restored position in the
event the call is to be extended from the origin-
ating exchange 50 to 3 terminating exchange for
which there is no toll charge, and which occu-
pies its operated position in the event there is
a toll charge between the originating exchange
80 and the terminating exchange, in a manner
more fully described hereinafter, The first of
these alternative impulsing paths extends from
the positive line conductor C602 of the trunk line
600 by way of the contacts 547, C874, the first
impulsing device 1644, the unidirectional current
conducting device in the form of a copper oxide
rectifier 616, C673 .and the contacts 661 to the
hegative line conductor C601 of the. trunk line
600; and the second of these alternative impuls-
ing paths extends from ground by way of the
contacts 548, C674, the first impulsing device
1614, the rectifier 616, C673 and the contacts 661
to the negative line conductor C601 of the trunk
line 80€.. Further, it is noted that the utilized
one of these alternative impulsing pathg by way
of the trunk line 600 is short-circuited until the
rotary switch S840 is operated to cause the wiper
845 thereof to engage the third contact in the
associated contact bank. The last-mentioned
short-circuiting path extends from the conduc-~
tor C614, by way of the first two contacts in the
contact bank associated 'with the wiper 845 of
the rotary switch S840, C611, the rectifier 616,
C813 and the contacts 66i to the negative line
conductor C601 of the trunk line 600.

Further, it is noted that, upon operating, the
control relay R530 completes, at the contacts 533,
a path for applying ground potential to the wiper
145 of the rotary switch CN140, this path ex-
tending from ground by way of the contacts 533,
C685, the contacts 664 anq C684 to the wiper
145." A% this time the wipers noted of the rotary
switch CN140 occupy their normal rotary- posi-
tions. Accordingly, the wiper 145 engages the
first contact in the associated contact bank ex-
tending to the conductor C171 extending to the
first wiper 101 of the Strowger mechanism 100,
which last-mentioned. wiper engages a contact
in the associated main contact bank which is
connected by way of one of the straps 764 in the -
Jumper field 114 to one of the leads C751 to CT150,
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inclusive, in the group of marking leads 858,
thereby to cause ground potential to be forward-
ed by way of the above-traced path to the pal-
ticular lead in the group of marking leads 858.
In view of the above description, it is apparent
that the operation of the second impulsing de-
vice 1615 causes the wipers noted of the rotary
switch S840 to be driven step by step in the coun-
terclockwise direction, and that after the wipers
have been driven two steps in the counterclock-
wise direction the wiper 845 thereof engages the
third contact in the associated contact bank,
whereupon the previously traced path for short-
circuiting the impulsing path including the first
impulsing device I164 is interrupted. At this
time the first impulsing device 1614 begins effec-
tively to transmit impulses- over the selected im-
.pulsing path including the. trunk line 600. More
particularly, the first impulsing device 1614 trans-
mits a predetermined number of impulses over
the selected impulsing path including the trunk
line 600 corresponding to the particular one of
the leads in the group of marking leads 858 which
is marked with ground potential by way of the
previously traced path including the first wiper
of the Strowger mechanism 700. When the first
impulsing device 1614 transmits this predeter-
mined number of impulses, the rotary switch S840
has been operated to & predetermined rotary po-
sition, whereupon the wiper 852 thereof engages
a contact in the associated contact bank termi-
nating the marked lead in the group of marking
leads 858 and thus & circuit is completed for ener-
gizing the winding of the stop relay R630. The
last-mentioned circuit extends from ground po-
tential appearing upon the marked lead in the
group of marking leads 858 by way of the wiper
852 and engaged contact in the associated contact
pank of the rotary switch S840, C688 and the
winding of R630 to battery. When energized
over the above-traced circuit, the stop relay R630
. operates to complete, at the contacts 633, a hold-
ing circuit for energizing the winding thereof.
. The last mentioned circuit extends from the
grounded conductor 685 by way of the wiper
849 and the engaged multiplied contacts in the
associated contact bank of the rotary switch
S840, €869, C689, the contacts 633 and the wind-
ing of R630 to battery. Also, upon operating, the
stop relay R630 completes, at the contacts 636,
an obvious circuit for short-circuiting the first
impulsing device 1614, thereby to prevent further
impulses from being transmitted from the first
impulsing device 1614 over the selected impulsing
path including
operating, the stop relay R630 interrupts, at the
contacts 634, a point in the previously traced cir-
cuit for energizing
relay R620, thereby to cause this relay to restore.
Upon restoring, the control relay R620 interrupts,
at the contacts 621, the previously traced circuit
for energizing the winding of the magnet MT14l,
whereupon the magnet MT14§ restores to drive
the wipers noted of the rotary switch CN740 one
- step in the counterclockwise direction away from
their normal positions. Purthermore, upon re-
storing, the relay R620 completes, at the contacts
/625, an alternative circuit for energizing the wind-
ing of the magnet M841 of the rotary switch
S840. The last-mentioned circuit extends from
ground by way of the wiper 843 thereof, the en-
gaged multipled contact in the associated con-
tact bank, C619, the contacts 625, C616, the con-
tacts 842 and the winding of M841 to battery.
When energized over the above-traced circuit,

the -trunk line 600. Also; upon

the winding of the control '
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the magnet M84l
contacts 842, the circuit for energizing the wind-
ing thereof, thereby to cause the magnet M841 to
restore and recomplete, at the contactc 842, the
circuit for energizing the winding thereof. Ac-
cordingly, the magnet M841 operates intermit-
tently, thereby to drive. the wipers noted of the
rotary switch S840 step by step in the counter-
clockwise direction until the wiper 843 thereof
disengages the fourteenth contact in the asso-
ciated contact bank, thus interrupting the above-
traced alternative circuit for  energizing the
winding of the magnet M84l.

When the wiper 843 of the rotary switch S840
disengages the fourteenth cohtact in the asso-~
ciated contact bank, it immediately engages the
fifteenth contact in the associated contact bank,
whereupon an alternative circuit is completed
for energizing the winding of ‘the control relay
R620 when
of the second impulsing device 1615 engages the
agsociated wiper. The last-mentioned circuit ex-
tends from ground by way of the wiper 843 and
engaged fifteenth contact in the associated con-
tact bank of the rotary switch S840, C618, the
contacts 631, the winding of R620 and the re-
sistor 613 to battery. When energized over the
above-traced circuit, the relay R620 operates to
interrupt, at the contacts 625, a further point in
the previously traced alternative circuit for ener-
gizing the winding of the magnet MB84{ of the
rotary switch S840 and prepares, at the contacts
623, an alternative circuit for energizing the
winding of the magnet M841 of the rotary switch
S840 by way of the second impulsing device 1615.
The last-mentioned circuit extends, when com-
pleted, from ground by way of the wiper 843 and
engaged fifteenth contact in the associated con-
tact bank of the rotary switch S840, C618, the
contacts 637, the second impulsing device 16185,
the contacts 623 and the winding of M841( to bat-
tery. Accordingly, the magnet M84{ of the

. rotary switch S840 is operated intermittently a
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predetermined number of times by way of the
second impulsing device 16 I5 and until the wiper
843 of the rotary switch S840 is driven into en-

_gagement with the nineteenth contact in the

associated contact bank, whereupon the above-
traced alternative circuit for energizing the wind-

" ing of the control relay R620 is interrupted in

order to cause the relay R620 to restore. Upon
restoring, the relay R620 interrupts, at the con-
tacts 623, the previously traced alternative circuit
for energizing the winding of the magnet M84{ of
the rotary switch S840 by way of the second im-
pulsing device I615 and completes, at the con-
tacts 625, the first-mentioned alternative circuit
for energizing the winding of ‘the magnet M84|
of the rotary switch S840, whereupon the magnet
MB4( is intermittently operated until the wiper
843 thereof is driven to disengage the last con-
tact in the associated contact bank and into en-

gagement with the first contact in the associated -

contact bank, at which time the rotary switch
S840 again occupies its normal position. Further,
it is noted that during the operation of the rotary
switch S840, when the wiper 845 thereof engages
the fourteenth contact in the associated contact
bank, the previously traced path for short-
circuiting the first impulsing device 1614 is again
completed, which path is not again interrupted
until the wiper 845 reengages the third contac.
in the associated contact bank, as previously ex-
plained.

In view of the foregoing description, it is '

operates to interrupt, at the )

the insulating portion of the drum -




apparent that the rotary switch S840 is operated
from its normal position two steps at a slow rate
by the second impulsing device 1615, whereupon

the first impulsing device 1614 becomes effective:
- to transmit impulses over the trunk line 600.

The rotary switch S840 is then operated an addi-
tional predetermined number of steps at a slow
rate by the second impulsing device 1615, while
the first impulsing device 1614 is transmitting
impulses over the trunk line 600, which prede-
termined number of steps corresponds to the par-
ticular lead in the group of marking leads 858
marked by the first wiper 106f of the Strowger
mechanism 700, thereby to cause the director 64
to transmit a first directive digit over the trunk
line 600 corresponding to the marked lead in the
group of marking leads 858. Subsequently, the
rotary switch S840 operates at a fast rate until
the fifteenth contact in the contact bank asso-
ciated with ‘the wiper 843 thereof is engaged.
The rotary switch S840 is ‘then operated four
additional steps at a slow rate by the second im-
pulsing device 1646 until the wiper 843 thereof
engages the nineteenth contact in the associated
contact bank, the rotary switch S840 being oper-
ated four times at a slow rate at this time in
order to provide a time interval at the conclusion
of the first directive digit transmitted from-the
director 64 over the trunk line 600. Further,
when the wiper 843 of the rotary switch S840

T ' 2,207,365
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after it has operated, as-described above, in ordei'
to transmit a predetermined number of impulses

over the trunk line 600, which predetermined
number of impulses corresponds to the marked

lead in the group of marking leads 858, as pre-

viously explained. Accordingly, the director 64
operates .in the previously described manner,
thereby to transmit the second directive " digit
over the trunk line 600 and, after a time interval,
1t is conditioned to transmit other directive digits
over the trunk line 600 in. the event there are
other digits to be transmitted thereover..

In the present example, as previously noted,
-only two -directive digits are required. - Accord- -

ingly, after the second directive digit has been
transmitted over the trunk line 600, the wiper 745
of the rotary switch CN740 is operated to engage

. the third contact in the associatéd contact bank,
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engages the nineteenth contact in the associated -

contact bank, the rotary switch S840 is operated
at a fast rate back into its normal position,
whereupon the wipers notéd of the rotary switch
S840 engage the first contacts in the associated
contact banks. Finally, it is noted that when the
rotary switch S840 is restored to its normal ro-
tary position, the wiper 849 thereof diseneagzes

the last contact in the associated contact bank,

" thereby to interrupt the previously traced hold-
Ing circuit for energizing the winding of the stop
relay R630, whereupon the stop relay R630 re-
stores. 'Upon restoring, the stop relay R630 com-
pletes, at the contacts 634, an alternative circuit
for energizing the winding of the control relay
RE620. At this time the rotary switch S840 in the
director 64 is in condition to transmit the second

3
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directive digit from the director 64 over the trunk ‘

line 600.

The alternative circuit for energizing the wind-
ing of the relay R620 extends from ground by
way of thé contacts 533, C685, C866, CT67, the
wiper 746 and engaged second contact in the
associated contact bank of the rotary switch
CNT40, C698, the contacts 634 and 612, the wind-
ing of R620 and the resistor 613 to battery. As

. previously noted, this last-mentioned cireuit is
" not completed until the second impulsing device
I615 is operated to cause the insulating portion of
the drum thereof to engage the associated wiper,
thereby to interrupt the previously traced path

for short-circuiting the winding of the enntrol-

relay R620. At this time ground potentisl is
conducted by way of the previouslv traced vath
to the wiper 745 of the rotary switch CN744 and
is extended therefrom by way of the conductor
C112 to the second wiper 702 of ths Strowser

. mechanism 700 and therefrom by way »f the.

engaged contact in the associated main contast
bank and one of the straps 764 in the jummer
‘fleld Ti4 to a particular one of the-leads in the
group of marking leads 858. Accordinglv, a rar-
ticular one of the leads in the group of marking
“leads 858 is marked at this time, thereby to arvest
the operation of the first impulsing device I614
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which -contact . terminates the conductor C713
extending to the third wiper 703 of the Strowger
mechanism 100. As previously noted, the third,
fourth, fifth and sixth wipers of the Strowger
mechanism 700 engage contacts in the associated

contact bank which are multipled together and-

connected by way. of the jumper field 114 to the
cut-off lead C165. Accordingly, after the second
directive digit has been transmitted from " the
director 64 over the trunk line 600 and before
the elapse of the following time interval, the
wipers 743 and 745 of the rotary switch CNT40

engage the third contacts in the associated con-’
tact banks, whereupon an alternative. circuit for

energizing the winding of the magnet M141 of

the rotary switch CN740 is completed. The last-

mentioned circuit extends from ground by way of
the contacts 533, C685, the contacts 664, C684,

the wiper 745 and engaged third contact in the.

associated contact bank, CT13, the third wiper
103 of the Strowger mechanism 700 and engaged
contact in the associated contact bank. the cut-
off lead C7165, the multipled. contact 744 in the
contact bank associated with the wiper 743 of the

Totary switch CN740, the self-interrupting con-
“tact 742 of the magnet M141, and the winding of

MI4&I - to battery. When energized over - the
above-traced circuit, the magnet MT741 operates
to interrupt, at the self-interrupting contact 742
thereof, the previously traced circuit for ener-
gizing the winding of MT141. Accordingly, the
rotary switch CN140 is operated step bv step until
the wiper 145 thereof disengages the sixth con-

tact in the associated contact.- bank, the last- "

mentioned contact being connected by way of the
conductor CT16 to the sixth wiper 706 of the
Strowger mechanism 700. While the wiper 745
of the rotary switch CN740 is in encasement with

i,

the third, fourth, fifth and sixth contacts in the |

associated -contact bank, -the previously traced

circuit for energizing the winding of the magnet

M741 of the rotary switch CN740 is completed

by way of the third, fourth, fifth and sixth wipers’
When the-

of the Strowger mechanism 701.
wiper T45 of the rotary switch CNT40 digrngacaq
the sixth contact in the associated contact bank,
the circuit for energizing the windine of the mag-

~net MI4{ is interrupted, thereby to arrest further

operation- of the rotary switch CNT40 at. this
time. :
At this time the director 64 is conditioned to

transmit the first dieit of the directory number
~of the called subscriber line s recistered jm -

. the rotary switch M720. The first and second
" impulsing devices I614 and 1615 operate, as pre-

({

viously explained, until the wiper 852 of the ro-

tary switch S840 engages a marked contact in
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the associated contact bank which is connected
to a marked lead in the group of marking leads

858. At this time the path for marking one of

the leads in the group of leads 858 extends from

ground by way of the contacts 533, C685, the-

contacts 664, C684, the wiper 745 and engaged
seventh contact in the associated contact bank
_of the rotary switch CN140, CT11, the wiper 126
and engaged contact in the associated contact
bank of the rotary switch M720, and the par-
ticular lead in the group of marking leads 166
terminated by the engaged contact in the con-
tact bank associated with the wiper 125 of the
rotary switch M7120 to a corresponding lead in
the group of marking leads 858. Thus, it will
be understood that the director 64 operates at
this time to transmit the first digit ‘of the di-
rectory number of the called subscriber line
2206, which is registered in the rotary switch
M120, as previously explained. At the conclu-
sion of the first, or thousand, digit of the direc-
‘tory number of the called subscriber line 2200,
the rotary switch CNT40 is operated, thereby to
drive the wiper 745 thereof an additional step
in the- counterclockwise direction and into en-
gagement with the eighth contact in the asso-
ciated contact bank, whereupon a marking cir-
cuit for the contact bank associated with the
wiper 852 of the rotary switch S840 is com-
pleted by way of the rotary switch C800. Spe-
cifically, at this time, the contact bank asso-
ciated with the “wiper 852 of the rotary switch
S840 is marked to arrest operation of the first
impulsing device 1614 after the first impulsing

device 1614 has transmitted a number of im- ¢

pulses corresponding to the second, or hundred,
digit of the directory number of the called sub-~
scriber line 2200. :

In view of the above description, it will be
understood that the wiper T45 engages the sev-
enth, eighth, ninth and tenth contacts in the
associated contact bank of the rotary switch
CNT40 at the beginning of the first, or thou-
sand; the second, or hundred; the third, or ten;
and the fourth, or unit, digits of the directory
number of the calling subscriber line 2200,
whereby the contact bank associated with the
wiper 862 of the rotary switch 5840 is sequen-
tially marked by way of the rotary switches
M720, C800, D8I0 and U820 in order to. cause
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whereupon the control relay R620 is operated
as previously explained. Also, upon operating,
the relay R620 completes, at the coLtacts 622, a
circuit for energizing the winding of the control
relay R540 due to the fact that the contacts in
the main contact bank of the Strowger mecha-
nism engaged by the ninth and tenth wipers 709
and 110, respectively, thereof are connected by
way of the straps 7163 in the jumper field Ti4
to certain of the WXYZ leads in the group of
marking leads 794 extending to the contact bank
associated with the wiper 135 of the rotary
switch T130, in order to establish the rate ap-
plicable to the call between the originating ex-
change 50 and .the terminating exchange 52.
The circuit for energizing the winding of the
control relay ‘R540 extends from the grounded
conductor C685 by way of the contacts §22, C690,
the wiper 746 and engaged first contact in the
associated contact ‘bank of the rotary switch
CNT40, C168, C512, the contacts 642, C510, ab
least one of the wipers 709 or 710 of the Strowger
mechanism 700 and the engaged contact in the
associated main contact bank thereof, at least
one of the WXYZ leads in the group of marking
leads ‘194, the cable 515, the corresponding one
of the contacts 543, 544, 545 or 546 and the
winding. of R540 to battery. When energized
over the above-traced circuit, the relay RS540
operates to complete, at the contacts 540, a hold-~
ing circuit for energizing the winding thereof,
this circuit extending from ground by way of
the contacts 553 and 540 and the winding of
R540 to battery. Also, upon operating, the re-
lay R540 interrupts, at the contacts 542 and at
lease one of the contacts 543, 544, 545 or 546,
the previously trzced circuit for energizing the
winding thereof and completes, at the contacts
541, an alternative path for applying ground
potential by way of the conductor C5710 to the
main wipers 707 to 110, inclusive, and to the ver-

. tical test wipers TIi and T12 of the Strowger

the director 64 to transmit the four digits of -

the directory number of the called subscriber
line 2200 as registered in the respective rotary
switches M 126, C800, D810 and U820 over the
trunk line 600. At this time the director 64 has
operated to -transmit both the directive digits
and the digits of the directory number of the
called subscriber line 2200 over the trunk line
600. -

At this point it is noted that, in the present
example, therée is a toll charge for a call be-
tween the originating exchange 50 and the ter-
minating exchange 52. Accordingly, the direc-
tor 64 transmits the digits therefrom by way of
the ‘second impulsing path, traced above, ex-
tending from the contacts 548 by way of the
negative line conductor C&0I of the trunk line
600 due to the operated position of the control
relay R540. More particularly, after the second
and third letters of the called exchange code
have been dialed into the director ‘64 and the
Strowger mechanism 700 has operated in re-
sponse thereto, the rotary switch U820 is .oper-
ated to cause the wiper 826 thereof to engage
the third contact in the associated contact bank,
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mechanism 700. Further, the relay R%40 in-
terrupts, at the contacts 547, and completes, at
the contacts 548, respectively, points in the
first and second impulsing paths previously
traced. .

After the director 64 has operated to trans-
mit the digits mentioned above, the rotary
switch CN140 is operated, thereby to drive the
wiper 145 thereof into engagement with the
eleventh contact in the associated contact bank,
whereupon a circuit is prepared for energizing
the lower winding of the cut-off relay REI0,
which circuit is completed subsequent to the
restoration of the stop relay R630, the stop relay
R630 being restored when the rotary switch S840
is returned to its normal rotary position, as previ-

" ously explained. The last-mentioned circuit ex-
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tends from ground by way of the contacts 533,
C685, the contacts 664, C684, the wiper 145 and
engaged eleventh contact in the associated con-
tact bank of the rotary switch CNT40, C682, the
contacts 635 and the lower winding of R610 to
battery. When energized over the above-traced
circuit, the cut-off relay R610 operates to inter-
riupt, at the contacts 612, the previously traced
circuit for energizing the winding of the con-
trol relay R620, thereby positively to prevent fur-
ther energization of the winding of the control
relay R620 and to interrupt, at the contacts 6i1,
the previously traced path for applying battery

_ potential at the resistor 587 in the director 64

75

to the conductor C605 of the trunk line 600,
thiis effecting the release of the director 64, the
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director selector switch 68 and the selector hunt-
ing switch 62, in & manner more fully ‘deseribed
hereinafter.

Operation of the first code selector switch in re-
sponse to the first directive digit transmitted
thereto by the director

‘When the lmpulses of the first directlve digit
are transmitted by the director 64 over the sec-
ond impulsing path including the trunk line 600,
the previously traced circuit for energizing the
winding of the impulse relay R340 in the first
code selector switch 81 is intermittently inter-
- rupted, thereby to cause the impulse relay R340
to follow the impulses of the first directive digit.
Upon restoring, the impulse relay R340 inter-
rupts, at the contacts 341, the previously traced
circuit for energizing the lower winding of the
transfer relay R360 and completes, at the con-
tacts 342, a circuit for energizing the upper
winding of the transfer relay R360 in series with
the vertical magnet M392. The last-mentioned
“circuit extends from ground by way of the con-
tacts 351, .342 and 366, the upper winding of
R360 a.nd the winding of the vertical magnet
M392 to battery. When the winding of the ver-
tical magnet M392 is thus energized, the vertical
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‘When the set of switch springs S316 is actuated
into engagement incident to the movement of
the wiper carriage of the Strowger mechanism

480 in the vertical direction away from its nor-
mal position, a circuit is also completed for ener--

‘gizing the intermediate windings of the switching

relays R460 and R470. This circuit extends from
ground by way of the contacts 453, Ci(0, the
contacis 384 and 365, the set of switch springs
S316, Cl12, the contacts 454, and the multiple
connected intermediate windings of the relays
R460 and R4T0 to battery. When energized over
the above-traced .circuit, the switching relays

. R460 and RA410 operate to complete, at the con-
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magnet M392 operates to drive the wiper car-

riage of the Strowger mechanism 480 one step in
the vertical direction away from its normal posi-
tion. When the wiper carriage of the Strowger
mechanism 480 is driven one step in the vertical
direction away from its normal position, the sets
of switch springs S3712, S313, S316 and S424 are
actuated. More particularly, the set of switch
springs S372 are actuated into disengagement,
thereby to interrupt the previously traced path
for short-circuiting the lower winding of the test

30

relay R430; the contacts 374 of the set of switch -

-springs S3713 are actuated into disengagement,
thereby to interrupt a further point in the previ-
ously traced circuit for energizing the lower
winding of the transfer relay R360; the con-
tacts 315 of the set of switch springs S313 are
_actuated into engagement; the set of switch
springs S316 is actuated into engagement, there~
by to prepare a circuif, traced hereinafter, for
energizing the winding of the rotary magnet
M390; and the set of switch springs S424 is actu-
ated into engagement. Upon reoperating, the
impulse relay R340 interrupts, at the contacts
342, the previously traced circuit for energizing
the upper winding of the transfer relay R360 in
series with the winding of the vertical magnet
M392. Accordingly, the previously traced cir-
cuit  for energizing the upper winding of the
transfer. relay R360 and the winding of the ver-

tical magnet M392 is intermittently completed a .

number of times corresponding to the number
of impulses of the first directive digit transmit-
ted by the director 64. . The transfer relay R360,
being of the slow-to-release type, remains oper-
ated during impulsing. At the conclusion of the
first directive digit the wiper carriage of the
Strowger mechanism 480 occupies a correspond-
ing vertical position, thereby to select two groups
of trunk lines extending to toll ticket repeaters,
one group of the trunk lines being accessible to
the first wiper set including the wipers 481, 482
and 483 of the Strowger mechanism 480, and
_the other group being accessible to the second
wiper set including the wipers 484, 485 and 486
of the Strowger mechanism #480.
At the conclusion of the first directive digit
the impulse relay R340 reoperates and, shortly
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thereafter, the transfer relay R368 restores. 75

tacts 467 and 478, respectively, a holding circuit
for energizing the intermediate windings thereof
in multirle. This holding circuit extends from

ground by way of the contacts 453, Ci10, the
contacts 384, C109, the contacts 3071, Ci21, the
contacts 478 and 467, C124, the self- interrupting .
contacts 391 of the rotary magnet M330, Ci12,
the contacts 454 and the multiple-connected in-
termediate windings of the relays R469 and R416
to battery.

Upon restoring, the transfer relay R360 com-
pletes, at the contacts 364, a circuit for energiz-~
ing the winding of the rotary magnet M390, this
circuit extending from ground by way of the
contacts 453, CI10, the contacts 384, C109, the
contacts 301, CI21, the contacts 478 and 467,
C124, the contacts 391, the set of switch springs
5316, the contacts 364 and' the winding of M390
to battery When energized over the above-
traced circuit, the rotary magnet M390 operates
to drive the first and second wiper sets of the
Strowger mechanism 480 one step in the rotary
direction away from their normal positions and
to interrupt, at the contacts 391, the previously
traced holding circuit for energizing in multiple
the intermediate windings of the switching relays
R460 and. R470. When the first and second .
wiper sets of the Strowger mechanism 480 are

“moved one step in the rotary direction away from :

their normal positions, the control wiper 483 in
the first wiper set and the control wiper 486 in
the second wiper set respectively engage contacts
terminating the control conductors of the trunk
lines in the associated groups of trunk lines.
More specifically, the control wiper 483 of the
first wiper set engages a contact terminating the:
control conductor C429 of the first trunk line 426
in the associated group; while the control wiper
486 of the second wiper set engages a contact ter-
minating the control conductor of the first trunk
line 435 in the associated group. In the event
the trunk lines 426 and 436 are busy, ground po-
tential appears upon the respective control con- .
ductors thereof, and in the. event these trunk
lines are idle, no potential whatever appears
upon the control conductors thereof.  Assuming -
that both of the trunk lines 425 and 435 are busy,
ground potential appearing upon the control con=:-
ductors thereof complete respective holding: cir-
cuits for energizing the upper winding of the
switching relay R410 and- the lower: windingof
the switching relay R460. Accordingly,. these.
switching relays do not restore incident to the
interruption of the previously traced holding cir-
cuit for energizing the intermediate windings
thereof incident to the operation of the rotary
magnet M390. The holding circuit for energiz-
ing the upper winding of the switching relay

"RA470 extends from the grounded conftrol con-

ductor C429 of the trunk line 426 by way of the
wiper_ 483 and engaged contact in the associated




22
contact bank of the Strowger mechanism 480,

C101, the contacts 381, C106, the contacts 451,
415 and 445, the set of switch springs S400 and

the upper winding of R410 to battery. The hold- ,

ing circuit for energizing the lower winding of
the switching relay R460 extends from, the
grounded control conductor of the trunk line 435
by way of the wiper 486 and engaged contact in
the associated contact bank of the Strowsger
mechanism 489, the contacts417 and 465 and the
lower winding of R460 to battery. Also, upon
operating, the rotary magnet M390 mterrupts at
the contacts 391, the previously traced circuit for
energizing the wmdmg thereof, thereby to cause
the rotary magnet M39C to restore and recom-
plete, at the contacts 391, the previously traced
circuit for energizing the wmdxnv thereof, where-
upon the rotary magnet M390 reoperates to drive
the wipers of the first and second wiper sets of
the Strowger mechanism 480 an additional step
in the rotary direction. Now, assuming that.the
trunk lines 426 and 435 are the second trunk lines
in the associated group of trunk lines and that
the trunk line 426 is idle, while the trunk line
435 is busy, the previously traced holding circuit
for energizing the lower winding of the switching
- relay RA460 is recompleted, while the previously
traced holding circuit for energizing the upper
winding of the switching relay R470 is not re-
completed. Accordingly, when the previously
traced holding circuit for energizing the inter-
‘mediate windings of the switching relays R460
and R410 is interrupted, the relay R460 remains
in its operated position, while the relay R470 re-
stores.

Further, it is noted that when the wiper car-
riage of the Strowger mechanism 480 is moved
one step in the rotary direction away_from its
normal position, the sets of switch springs S423
and Sa&25 are actuated into engagement for a
purpose more fully explained hereinafter. Upon
restoring, the switching relay R410 interrupts, at
the contacts 418, a point in the previously traced

cireuit for energizing the winding of the rotary.

magnet M390 and completes, at the contacts 479,
a holding circuit for energizing the upper wind-
ing of the switching relay. R460. The holding
circuit for energizing the upper winding of the
switching relay R460 extends frem ground by way
of the contacts 453, C110, the contacts 384, C109,
the contacts 307, CI21, the contacts 478, the set
of switch springs S425 and the upper winding of
R460 to battery. Also, upon restoring, the
switching relay R470 interrupts, at the contacts
471, a point in the previously traced holding: cir-
cmt for energizing the lower winding of the
switching relay R460, interrupts, at the contacts
415, a further point in the previously traced hold-
ing circuit for energizing the upper winding
thereof, and completes, at the contacts 474, a
path for applying ground potential to the control
conductor C429 of the trunk line 426. The last-
mentioned path extends from ground by way of
the impedance element 1458, the contacts 474 and
451, C106, the contacts 381, CI07 and the con-
trol wiper 483 and engaged contact in the asso-

ciated contact bank of the Strowger mechanism

480 to the control conductor C429 of the trunk
line 426. This application of ground potential to
the control conductor C429 of the trunk line 426
marks the trunk line 426 as busy to the other
-first code selector switches having access thereto.

Finally, upon restoring, the switching relay
R410 completes, at the contacts 416, a circuit for
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relay RA40, this circuit extending from ground
at the contacts 351, CI13, the set of switch
springs S423, the contacts 416 and the winding of
RA440 to battery. It will be understood that in
the event the second wiper set of the Strowger
mechanism 480 had found an idle trunk line in
the associated group of trunk lines prior to-the
time the first wiper set thereof had found an
jdle trunk line in the associated group of trunk
lines, the switching relay R4710 would have been

_retained in its operated position and the switch-

ing relay R460 would have restored in a manner
similar.to the operation of the switching relays
R460 and R410 explained above.

When energized over the above-traced circuit
the switch-through relay R440 operates to com-
plete, at thé contacts 446, an obvious path for
applying ground potential by way of the im-
pedance element 1458 and C!19 to the control
conductor C263 of the trunk line 260 thereby to
retain the rotary switch D220 individually asso-
ciated with the calling subscriber line 250 in its
operated position. Further, the switch-through
relay R440 interrupts, at the contacts 441 and
443, points in the previously traced circuif for
energizing the impulse relay R340 and completes,
at the contacts 442 and 444, a connection be-
tween the line conductors of the trunk line 426
and the line conductors of the trunk line 608.
More specifically, the positive line conductor
CA828 of the trunk line 426 is connectel by way
of the wiper 482 and engaged contact in the
associated contact bank of the Strowger mecha-
nism 480, the contacis 463, 472, 444 and 404,
C905, the wiper 31f and engaged contact in the
associated contact bank of the selector hunting
switch 62, CI32, the contacts 942, the wiper 922
and engaged contact in the associated contact
bank of the Strowger mechanism 920 to the
positive line conductor C602 of the trunk line
600; while the negative line conductor C421 of
the trunk line 426 is connected by way of the
wiper 481 and engaged contact in the associated
contact bank of the Strowger mechanism 480, the
contacts 462, 442 and 402, C904, the wiper 910

“and engaged contact in the associated contact

bank of the selector hunting switch 62, CI131,
the contacts 841 and the wiper 921 and engaged
contact in the associated contact bank of the
Strowger mechanism 920 to the negative line
conductor C60f of the trunk line 600, Further,
it is noted that a circuit is completed for ener-°
gizing the relay R1505 in the toll ticket repeater .
65 upon operation of the switch-through relay
R440 in the first code selector switch 61. The
last-mentioned circuit extends from ground in
the director 64 by way of the contacts 548, C614,
the wiper 845 and engaged first contact in the
associated contact bank of the rotary switch
5840, C671, the rectifier 616, C873, the contacts
661, the negative line conductor C601 of the
trunk line 600, the wiper 92f.and engaged con-
tact in the associated contact bank of the Strow-
ger mechanism 920, the contacts 94f, Ct31, the
wiper 910 and engaged contact in the- associated
contact bank of the selector hunting switch 62,
the conductor C304 of the trunk line 900, the
contacts 402, 442 and 462, the wiper 48/ and
engaged contact in the associated contact bank
of the Strowger mechanism 480, C421 and the
upper winding of RI505 to battery. When en-
ergized over the above-traced circuit, the line
relay R 1505 operates and the repeater 65 is seized
by the ﬁrst code selector switch 61,
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_energlzing the winding of the magnet M18$! of

Operation of the repeater 65 incident to seizure

The line relay Ri56% operates when the re-
peater 65 is seized by the first code selector
switch 61, as noted above, and completes, at the
contacts 1501, an obvious circuit for energizing
the lower winding of the hold relay R1500, there-
by to cause the hold relay RIS00 to operate.
Upon operating, the hold relay R1500 completes,
at the contacts 1502, a holding circuit for ener-
gizing the upper winding thereof, this_circuit
extending from ground in the first code selector
switch 61 by way of the impedance eleme@ 1458,
the contacts 474 and 451, CI106, the contacts
381, C101, the wiper 483 and engaged contact in
the associated contact bank of the Strowger
mechanism 480, the control conductor C429 of

- the trunk line 426, the contacts 1502 and the
upper winding of Ri500 to battery. Also, upon

" operating, the hold relay R1500 completes, at

the contacts 1503, an obvious circuit ‘for ener-
‘gizing the winding of the control relay R1640,
thereby to cause the relay RI640 to operate.
Upon operating, the relay RI1640 completes, at
the contacts 1641, an obvious circuit for ener-
gizing the winding of the control relay R1520,
thereby to cause the relay R1520 to operate,
and prepares, at the contacts 1648, a circuit,
traced hereinafter, for energizing the upper
. winding of the test relay RI(620. Finally, the
relay RI640 completes, at the contacts {646, a
circuit for energizing the winding of the mag-
net MI691 of the rotary switch F1680, this cir-
cuit extending from ground by way of the con-
" tacts 1622, 1646, (653 and 1692 and the winding
of MI1681 to battery. -When energized over the
above-traced circuit, the magnet MI691 oper-
ates to interrupt, at the contacts 1692, the pre-
viously traced circuit for energizing the winding
thereof, thereby to cause the magnet MI691 to
restore and recomplete, at the contacts 1692, the
previously traced circuit for energizing the wind-
ing thereof, whereupcn the magnet MI691 re-
operates. Accordingly, the magnet M169i oper-
ates intermittently, thereby to drive the wipers
1693, 1694, 1695, 1696, (697, 1698, 1699 and 1691
step by stép in the clockwise direction until the
-wiper 1693 engages a contact in the associated
‘contact bank terminating the control conductor
of a trunk line extending to an idle one:of the
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the rotary switch Fi680. Accordingly, in the
present example, the magnet Mi69{ of the rotary
switch F1690 is not operated due to the fact that
the wiper 1693 of the rotary switch F1690¢ en--
gages & contact in the associated contact bank
terminating the control conductor of an idle .
converter in the group of converters accessible
to the rotary switch F1690 in its normal position,
thereby to cause the test relay R1620 to operate
prior to the operation of the magnet MI69I.
Also, upon operating, the test relay R1620 inter-
rupts, at the contacts 1823, an obvious path for
short-circuiting the lower winding thereof, there-
by to complete a holding circuit for energizing
the lower winding thereof. This circuit.extends -
from ground by way of the contacts 1651 and
1647, the lower winding of the test relay Ri620
and the resistor 1616 to battery. Also, upon oper-
ating, the test relay R1620 completes, at the con-
tacts 1621, a path for short-circuiting the upper
winding thereof and a low resistance circuit for
energizing the winding of -the relay RI720 in
the converter 66. The last-mentioned circuit ex- -
tends from ground potential appearing upon the

- control conductor C429 of the trunk line 426 by

50

_converters in the group of converters accessible -

to the repeater 65. In the present example, as-
suming that the first converter 66 in the group
of converters accessible to the rotary switch
FI1690 is idle, battery potential appears upon the
control conductor C{704 thereof, thereby to com-
plete the previously mentioned circuit for ener-
.gizing the upper winding of the test relay R1620.
This circuit extends from ground by way of the
contacts 1648 and (658, the contacts 1618 of the
set of switch springs S1617, the upper winding
of R1626, C130, the wiper 1693 and engaged con-
tact in the associated contact bank of the rotary
switch F1690, the control conductor C1704 of the
trunk line extending to the first conver;er 66 in
the group of converters accessible to the rotary
switch FP1690 to the contacts 1733. One branch
of this path extends from the contacts 1733 by
way of the winding of the relay R1720 to battery;
and the other branch of this circuit extends from
the contacts 1133 by way of the contacts 1723
and the resistor 1797 to battery.

WHen energized over the above-traced ecircuit,
the test relay R1620 operates to interrupt, at the
contacts 1622, the previously traced circuit for
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way of C1615, the contacts 1621, C130, the wiper
1693 and engaged contact in the associated con-
tact bank of the rotary switch F1690, C1704, the
contacts 1733 and the winding of RI720 to bat-
tery. When energized over the above-traced cir-
cuit, the relay R1720 operates to interrupt, at the
contacts 1723, the previously traced path extend-
ing between the contacts 1733 and battery by
way of the resistor .i797. Furthermore, upon
operating, the test relay R16280 completes, at the
contacts 1624, an obvious circuit for energizing
the winding of the switching relay R1660 in order .
to cause the switching relay. R1660 to operate.
Upon. operating, the switching relay R1660 pre-
pares, at the contacts 1662, 1664, 1665, 1666, 1667,
1668 and 1669, control.circuits, traced hereinafter,
extending to the wipers (694, {695, 1696, 16917,
1698, 1690 and 1691 of the rotary switch Fi690, for
a purpose more fully described hereinafter. Also,
upon operating, the switching relay Ri660 com-
pletes, at the contacts 1663, a circuit for ener-
gizing the winding of the switching relay RI1678,
this circuit extending from ground by way of the
contacts 1663 and 1655 and the winding of RI1670
to battery. When energized over the above-
traced circuit, the switching relay R1670 operates
to prepare, at the contacts 1671, 1672, 1673 and
1674, further points in the previously mentioned

5 control circuits extending to the wipers 1691,

1698, 1699 and 1691 of the rotary switch F1690,

Upon operating, the control relay R1520 com-
pletes, at the contacts 1521, an obvious circuit
for energizing the left-hand winding of the time
start relay R1540; however, the time start relay
R 1540 does not operate-at this time as this relay

‘is of the polarized type. Furthermore, when' the"

line relay RI505 operated, it prepared, at the
contacts 1506, a circuit, traced hereinafter, for
energizing the right-hand winding of the time
start relay R1540. The prepared portion of this
circuit extends from the positive conductor C1557
of the toll line 1555 extending between the toll
ticket repeater 65 and the group selector switch
80 in the intermediate exchange 5{ by way of the’
right-hand winding of R1540, the impedance ele-
ment 11548, CI518 and the contacts 1506 to.the
negative line conductor C1556 of the toll line 15585.

At this time the repeater 65 is conditioned to
receive the second directive digit transmitted by
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the director 64, whereﬁpon the line relay Ri505 -

follows the second directive digit and repeats the
“digit over the positive and negative line conduc-
tors CI551 and C1556, respectively,” of the toll
line 1555 to the group selector switch 80 in the
intermediate exchange 51. More particularly,
each time the line relay R1505 operates, it com-
_pletes, at the contacts 1506, the previously traced
path between the line conductors of thé toll line
1555; and each time the line relay R1505 restores,
it interrupts, at the contacts 1506, the previously
traced path extending between the line conduc-
tors of the toll line 1555. Further, it is noted
that the repeater 65 also receives the four digits

of the directory number of the called subscriber

line 2200 and repeats these digits over the toll line
1555 in a similar manner.

The group selector switch 89 in the mtermedl-
ate exchange 51 responds to the second directive
d'git repeated thereto by the repeater G5 and se-
lects a group of trunk lines extendmg to a cor-
responding group of cial repeaters. Subsequent-
ly, the group selector switch 80 operates auto-
matically to seize an idle one of these repeaters
such, for example, as the dial repeater 81, the
dial repeater 81 being ccnnected by way of the
toll line 2201 to the first numerical selector
switch 90 in the terminating exchange 52. The
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first numerical switch 90 in the terminating ex- .

change 52 responds to the first digit of the direc-

30

tory number of the called subscriber line 2200

and selects a group of trunk lines extending to a
correspending group of second numerical selector
switches. Subsequently, -the first numerical se-
lector switch 90 selects one of these trunk lines
extending to an idle one of the second numerical
selector switches such, for example, as the sec-
ond numerical selector switch 9. The second
numerical selector switch 91 in the terminating
exchange 52 responds to the second digit of the
directory number of the called subscriber line

35
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12200 and selects a group of trunk lines extending
to a corresponding group of connector switches. .

Subsequently, the second numerical selector
switch 91 selects one of these trunk lines ex-
tending to an idle one of these connector switches
such, for example, as the connector switch 82.
The connector switch 92 responds to the third
digit- of the directory number of the called sub-
seriber line 2200 and selects a group of sub-
seriber lines including the called subscriber line
2200. Finally, the connector switch 92 responds
to tha fourth digit of the directory number of the
called subscriber line 2200 to select the called
subscriber line 2200. 'The subsequent operation
of the einnector switch 92 depends upon the idle
or busy condition of the called subscriber line
2200, in the usual manner. Assuming that the
called subscriber line 2200 is idle, the connector
switch 92 operates to project ringing current over
the subscriber line 2200 in a well-known manner.
The call is answered on the subscriber line 2200
when the subscriber at the subscriber substation
T2 removes the receiver of the telephone instru-
ment thereat from its associated switchhook,
whereupon a loop circuit is completed between
the telephone instrument at the subscriber sub-
. station T2 and the connector switch 92. The
connector switch 92 then operates to reverse bat-
tery over the first and second numerical selector
switches 91 and 90 and the toll line 2201 to the
dial repeater 8. Finally, the dial repeater 81 op-
erates to reverse battery over the group selector
switch 80 and the toll line 1555 to the right-hand
wlnding of the time start relay R1540, thereby to
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cause the last-mentioned relay to operate for a
purpose more fully described subsequently.

At this point it is noted that after the rotary
switch F1699 in the repeater 65 has found the
idle converter 66 and the switching relay R1668
is operated, a circuit is prepared for energizing
the upper winding of the test relay R%40 in the
dircetor 64, which circuit is completed when the
relay R520 in the director 64 operates. The cir-
cuit for energizing the upper winding of the test
relay R510 extends from ground by way of the
upper winding of R510, the contacts 543 and 522,
the positive line conductor C602 of the trunk line
600, the wiper 922 and engaged contact in the as-
sociated ¢ontact bank of the Strowger mechanism
920, the contacts 942, C132, the wiper 911 and
engaged contact in the asscciated contact bank -
cf the selector hunting switch 62, the conductor
C905 of the trunk line 900, the contacts 404, 444,
472 and 463, the wiper 482 and engaged contact

.in the associated contact bank of the Strowger

mechanism-480, the positive line conductor C428
of the trunk line 426, the contacts 15t1, C1608,
the contacts 1664, the wiper 1695 and engaged
contact in the associated contact bank of the ro-
tary switch 1690, C1702 and the windings of the
relays RI1760 and RI'IGS in the converter 56 to
battery.

Further, it is noted that after the director 64
has operated to transmit the directive digits over

-the trunk line 680, it operates to transmit the

four digits of the directory number of the ca.lled
subscriber line 2200 over the trunk line 600, .
previously explained.. Further, it is noted that

when the first digit of the directory number of
the cailed subscriber line 2200 is transmitted
from the director 64 over the trunk line 600, the
wiper 145 of the rotary switch CNT40 engages
the seventh contact in the associated contact
bank, whereupon & circuit is completed for ener-
gizing the winding of the control relay R520, the
relay R540 being operated at this time, as previ-
ously explained. The circuit for energizing the
winding of the relay R520 extends from ground

by way of the contacts 533, C685, the contacts

664, C684, the wiper 745 and engaged seventh
contact in the associated contact bank of the ro-
tary switch CN740, C111, C516, the contacts 548
and 5t1, and the winding of R520 to battery.
When energized over the above-traced circuit,
the relay R520 operates to complete, at the con-~
tacts 522, the previously traced circuit for ener-
gizing the upper winding of the test relay R510
in the director 64 from battery by way. of the
previously traced circuit including the windings
of the relays R1760 and RI765 in the converter
86 in the event the rotary switch Fi1690 in the
repeater 65 has found the idle converter 66 in
the group of converters. -On the other hand, in
the event the rotary switch Fi690 has not found
an idle converter in the group of converters, the
test relay R510 and the control relay R520 in the
director 64 respectively remain in their restored
and operated positions. Also, upon operating, the
control relay R520 interrupts, at the contacts
524, a point in the circuit for energizing the con-
trol relay R620 at this time, thereby to prevent
the operation of the second impulsing device
I615 to cause operation of the rotary switch -
S840. In view of the fact that the rotary switch
S840 is operated by the operation of the control
relay R620, the operation of the first impulsing
device I614 is ineffective to transmit the first
digit of the directory number of the called sub~
scriber line 2200 over the trunk line 600 and fur-
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ther operation of. the dlrector 6lis arrested untfl
the rotary.switch F1880 in the repeater 68 seizes
an idle converter in the group of converters- ac-
cessible thereto.

‘When the rotary switch F1690 seizes the 1d1e
converter 66, the previously traced circult for
energizing the upper winding of the test relay
R510 in the director 64 is completed, in the event
this circuit had not been previously completed
incident to the operation of the control relay

R520 in the director 64. Upon operating, the
test relay R8I0 completes, at the contacts 514,
a holding circuit for energizing the lower wind-
ing thereof, this circuit extending from ground
by way of the contacts 553 and 514 and the lower
winding of R510 to battery. Also, the test relay
R510 interrupts, at the contacts 513, the previ-

ously traced circuit for energizing the upper.

winding thereof and interrupts, at the contacts
5ti, the previously traced circuit for energizing
the winding of the control relay. R520, where-
upon the relay R520 restores shortly thereafter,

this relay being of “the slow-to-release type. -
Upon restoring, the control relay R520 completes,

at the contacts 524, the previously mentioned
circuit for energizing the winding of the control
relay R620, thereby-to cause the relay R620 to
operate and render the director 64 operative to
transmit the first digit of the directory number

of the called subscriber line 2200. The circuit 3¢

for energizing the winding of the control relay
- R620 at this time extends from ground by way
of the contacts 533, C685, the contacts 653, C683,
. the contacts 524, C670, the wiper 805 and en-

gaged contact in the associated contact bank of 35

the rotary switch C800, C185, the wiper 146 and
engaged seventh contact in the associated con-
tact bank of the rotary switch CN740, C690, the

contacts 634 and 612, the winding of R620 and -

the resistor 613 to the negative terminal of bat-
tery. Accordingly, the director 64 operates at
this time to transmit the first digit of the direc-
tory number of the called subscriber line 2200
~ over the trunk line 600 as previously explained.
‘ Also, upon restoring, the control relay R520

‘prepares, at the contacts 521, a path for pro-
jecting ground pulses over the positive line con-

ductor C602 of the trunk line 600 and completes, -
" at the contacts 623, a circuit for energizing the

upper and lower windings of the impulse relay
RS500. The last-mentioned circuit extends from
ground by way.of the contacts 523, 512 and 502 to
the terminals of the upper and lower windings of
R500, one branch of this circuit extending by way

of the upper winding of R500 to battery, and ©

the other branch of this circuit extending by way
of the lower winding of R500 and the condenser
500 to battery. Thus, it will be understood that
the upper winding of the impulse relay R500 is
energized and the condenser 500 associated with
the lower winding of the relay R500 is charged.
: When the upper winding of the impulse relay
R500 is energized, this relay operates to inter-
rupt, at the contacts 502, the previously traced
circuit for energizing the upper winding thereof
. -and the previously traced circuit for charging
~ the condenser 509. The condenser 500 immedi-

ately discharges, thereby to cause the impulse re-
lay R500 to restore immediately. Accordingly,
the impulse relay. R500 operates and restores
intermittently. Each time the impulse relay
" R500 operates-and restores, it completes, at the
contacts 503, an obvious circuit for energizing
the winding of the magnet M131 of the rotary
- switch T130, thereby to cause the magnet M3l 7

-T

' 2B
to operate and restore intennittently Each

- time the magnet MT3[ operates and restores, it

drives the wipers 733 and 735 of the rotary i

-switch TI130 one step in the counterclockwise

direction. Also, each itime the impulse relay
RB00 operates, it completes, at the contacts §0F,
the previously mentioned circuit for projecting
ground potential over the positive line conductor-.

‘ C602 of the trunk line §00.

It is noted that when the impulse relay R500
operates and the wiper 135 of the rotary switch
T30 engages a contact in the associated contact
bank terminating a lead in the groups of mark-
ing leads having ground potential thereupon, &
path for applying direct ground potential to the
positive line conductor C602 of the trunk line
600 is completed. On the other hand, when the
impulse relay R500 operates and the wiper 135
of the rotary switch T730 engages a ‘contact in

the associated contact bank terminating a lead

in the group of marking leads which has.no
ground potential thereupon, a path for connect-
ing ground potential by way of the resistor 658

‘is completed to the positive line conductor C602

of the trunk line 600. The path for extending -
direct ground potential to the positive line con-
ductor C602 of the trunk line 600 extends from
the wiper 135 of the rotary switch T730 by way
of C514, the contacts 501 and 52§ to the positive
line conductor C602; and the path for applying
resistance ground potential to the positive line
conductor C602 of the trunk line 600 extends
from ground by way of the resistor 558 and the
contacts 501 and 521 to the positive line con-
‘ductor C602. A heavy ground pulse is {rans-
mitted over the positive line conductor C802 of
the {runk line 600 when direct ground potential
is applied thereto; while a light ground pulse is
transmitted over the positive line conductor C602
of the trunk line 600 when resistance ground
potential is applied thereto. :

As previously noted, the WXYZ leads in‘the
group of marking leads 791 are permanently
marked  in accordance with the code M; the
WXYZ leads in the group of marking leads 792
are marked in accordance with the code A as
determined by the vertical operated position of
the Strowger mechanism 700; and the WXYZ
leads in the groups of marking leads 793 and
794 are marked in accordance with the codes
D and 6, respectively, as determined by the com-
bination vertical and rotary positions of the
Strowger mechanism 700. The paths for apply-

‘ing ground potential to the WXYZ leads in the

groups of marking leads 792, 7193 and 194 by way
of the jumper fleld 7i4 and the wipers of the
Strowger mechanism 700 include the conductor
C510 having ground potential applied thereto at
the contacts 541 due to the operated position of
the control relay R540.

Accordingly, the intermittent operation of the
impulsing relay R500 causes the wiper 135 of the
rotary switch T130 to be driven in the counter-
clockwise direction into successive engagements
with the contacts in the associated contact bank

" terminating the WXYZ leads in the groups of

marking leads 791, 792, 793 and 794. Hence, the
director 64 operates to transmit four sets of code
markings over the positive line conductor C602
of the trunk line 600 at this time, which sets of
code markings respectively correspond to the let-
ters MAD designating the originating exchange
50 and the rate factor 6 applicable to a call from -
the originating exchange 50 to the terminating
9 exchange .52. ‘When the previously traced cir-
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cult for energizing the upper winding of the test
relay R510 in the director 64 in series with the
windings of the control relays R1760 and RI765
in the converter 66 is completed, the test relay
R510 operates to cause the director 64 to transmit
impulses over the positive line conductor C602 of
the trunk line 600 corresponding to the WXYZ
code of the called exchange code and the rate
factor as noted above. Also, at this time, the
control relay RI760 in the converter 66 operates;
however, the confrol relay RI165 in the con-
verter 66 -does not operate due to the fact that
this relay is of the marginal type and will not
operate in series with the high resistance of
the upper winding of the test relay R510 in the
director 64. Upon operating, the relay RI760
completes, at the contacts 1761, an obvious circuit
for energizing the winding of the magnet MIT91
of the rotary switch R1790, whereupon the mag-
net M119{ operates to condition the wWipers §793
and 1794 of the rotary switch RI790 to be driven
one step in the clockwise direction. Subsequent-
1y, when the test relay R510 in the director 64
operates, it interrupts, at the contacts, 513, the
previously traced circuit for energizing the up-
per winding of the test relay R510 in series with
the windings of the control relays RI760 and
R1165, thereby to cause the relay R1760 to re-
store. Upon restoring, the relay R{760 inter-
rupts, at the contacts 1761, the preyiously men-
tioned circuit for energizing the windings of the

magnet M{I7181 of the rotary switch RIT80 in.
order to cause the magnet MI194 to restore and -

drive the wipers noted of the rotary switch R1790
one step in the clockwise direction. When the
wiper 1793 of the rotary switch R17908 is driven
one step in the clockwise direction, it engages
the first contact in the associated contact bank,
‘thereby to prepare a circuit, traced hereinafter,

for energizing the winding of the IW relay in.

the first code storing dev1ce Si70!1 in the con-
verter 66.

The director 64 operates first to transmit the-

" code of the first letter M designating the ter-
minating exchange 52, which code causes light

and heavy ground pulses to be transmitted over

the positive line conductor €502 of the trunk line
600 as previously explained. Each time a heavy
or a light ground pulse is transmitted over the
positive line conduCtor C602 of the trunk line
600, the. previously traced circuit for energizing
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rotary switch RI1790, CI5¢{ and the winding of
(W to battery. When energized over the above-
traced circuit the IW relay in the firs® code
storing device CI1701 operates to complete, at the
contacts TWI, a holding circuit for energizing
the winding thereof. This holding circuit ex-
tends from ground by way of the contacts 1715 of
the operated .relay RITi0, CI726, the contacts

" IWI and the winding of I'W to battery.

10

In view of the foregoing, it will be apparent

~ that when the code corresponding to the letter
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M is transmitted over the positive line conductor
C602 of the trunk line 600 corresponding ones of
the relays IW, {X, IY and {Z in the first code
storing device S1701 will be operated and held in
their operated positions. Accordingly, a code is
stored in the first code storing device S{710{ cor-
responding to the first letter M of the exchange
code of the terminating exchange 52. Further-
more, it will be understood that further opera-
tion of the rotary switch RI790 incident to the
transmission of the second and third letters A
and D, respectively, of the.code of the terminating
exchange 52 and to the transmission of the rate

‘factor 6 will cause the letters A and D and the

rate factor 6 to.be stored in WXYZ code respec-
tively in the second, third and fourth code stor-
ing devices Si702, Sl103 and SI1704 in the con-
verter 66. .
- Furthermore, when the w1per5,noted of the .
rotary switch Ri798 in the converter 66 are op-
erated one step away from their normsl rotary
positions at the beginning of the transmission
by the director 64 of the first digit of the direc-
tory number of the:called subscriber line 2200,
the set of switch springs S1796 is actuated into
engagement, thereby to prepare a circuit for
energizing in series the winding of the control
relay R1755 and the winding of the magnet MI117
of the rotary switch N1776. When the line re-

- lay RI505 in the repeater 65 restores at the be-
. ginning of the first impulse of the first digit of

45
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in series the windings of the control relays .

RI760 and RI1165 is completed. The control re-
lay RI760 operates when either & heavy or a ligcht
ground pulse is transmitted over the positive line
conductor C602 of the trunk line 600; however,
the control relay RI1765 operates only in the event
a heavy ground pulse is transmitted over the posi-
tive line conductor €692 of the trunk line 600.
Each. time the control relay RI1760 operates and
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restores, it causes the magnet MI181 to drive the

wipers noted of the rotary switch R1790 one step
in the clockwise direction as previously explained.

Each time the control relay RI765 operates it

completes, at the contacts 1766, a circuit for
energizing the winding of the particular one of
the relays (W, IX, 1Y or IZ in the first code
storing device SIT081, the circuit of which is pre-
pared at the wiper 1793 and associated contact
of the rotary switch RIT790. For example, the
circuit for energizing the winding of the W re-
lay in the first code storing device S1701 extends,
when completed, from ground by way of the
contacts 1766, C1739, the wiper 1793 and engaged
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contact in the associated contact bank of the 75

the. directory number of the called subscriber
line 2200, it completes, at the contacts 1508,
the previously mentioned circuit for energizing
the winding of the control relay RIT55 in series
with the winding of the magnet MIT1T of the
rotary switch Ni770. ‘The last-mentioned cir-
cuit extends from ground by way of the contacts
1508 and 1515, C1609, the contacts 1662, the
wiper 1694 and. engaged first contact in the as-
sociated contact bank of the rotary switch
F1680, CI701, the set of switch springs SI7196,
the winding of RI755 and the winding of MITIT
to battery. When energized over the above-
traced circuit, the relay RI755 operates to com-
plete, at the contacts 1756, an obvious circuit
for energizing the winding of the control relay
RI1750, thereby to cause .the relay RI750 to op-
erate. Also, when the winding of the magnet
MIT11 is energized, this magnet operates to con-
dition the wipers ITT4, 1712, 1113 and 11715 of
the rotary switch N17170 to be driven one step
in the clockwise direction. Upon operating, the
control relay RI750 prepares, at the contacts
‘1782, paths, traced hereinafter, for applying
ground potential to the wipers 17171 and. 1712 of
the rotary switch NIT10 and completes, at the
contacts 1751, a circuit for energizing the mag-
net MI681 of the rotary switch SI1680 in the
repeater 65. The last-mentioned circuit extends '
from ground by way of the contacts 1751, Ci703,
the wiper 1698 and engaged contact in the as-
soclated contact bank of the rotary switch F1690,
the contacts 1665 and the winding of MI681 to
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pattery. When the winding of the magnet M1881
" ig energized over the above-traced circuit, the

magnet M{68{ operates to condition the wipers .
1684, 1885, 1686, 1687, 1688 and 1689 of the ro-:

tary switch S1680 to be driven one step in the.

clockwise direction.
At the end of the first pulse of the first digit

of the directory number. of the called subscriber '

line 2200, the line relay RI608 in the repeater
85 reoperates to interrupt, at the contacts. 1508,
the previously traced circuit for energizing in
series the winding of the control relay RIT155
and the winding of the magnet MIT17 of the ro-
_ tary switch NIT10, thereby to cause the mag-
net MIT11T to restore and drive the wipers noted
of the rotary switch N110 one step in the clock-
wise direction. It is noted that the .control re-
1ay R1155 is of the slow-to-release type. Accord-
ingly, this relay does not restore during impuls-
ing. Hence, the relay R{155 remains in its op-
erated position until the conclusion of the first
digit of the directory number of the called sub-
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contact bank associated with the wiper 1786 of
the rotary switch SI1780 to the wiper (786, It
will be understood that had the first digit of the

directory number of the called subscriber line
2200 been other than the digit 5, appropriate

_ones of the WXYZ wipers 1183, 1784, 1185 and

1186 of the rotary switch S1780 would have been
marked with ground potential in a similar man-
ner. o .

This application of ground potential to the X
and Z wipers 1784 and 1186, respectively, of the

- rotary switch S1780 completes circuits for ener-
. gizing the (X and 1Z relays in the first code stor-

15

20

- scriber line 2200. At this time the magnet MITIT |

has been energized and deenergized a predeter-
mined number of times corresponding fo the first
digit of the diréctory number of the called sub-
scriber line 2208, whereupon the wipers nated of
the rotary switch NI1710 engage corresponding
contacts in the associated contact banks. More
particularly, the wipers 1771 and 1772 of the
rotary switch NIT70 engage contacts in the as-
sociated contact banks corresponding in WXYZ
code to the first digit of the directory number
of the called subscriber line 2200. Assuming that
the directory number of the called subscriber
line is 5555, the wipers IT7T1 and 1712 of the
rotary switch NIT10 engage the fifth contacts
in the associated contact banks. Accordingly,
the wiper {111 engages the fifth contact in the
associated contact bank terminating the conduc-
‘tor extending to the first contact in the contact
pank associated with the wiper 1784 of the ro-
tary switch S1780; while the wiper IT12 engages
the fifth contact in the associated contact bank
terminating the conductor eéxtending to the first

25

ing device S160f in the repeater 66. The circuit
for energizing the 1X relay in the first code stor-
ing device S1601 extends from the grounded wip-
er 1184 of the rotary switch S{180 by way of the
X lead in the cdble 1700, the engaged first contact
in the contact bank associated with the wiper
1698 of the rotary switch F1690, the wiper 1688,
the contacts 1667 and 1612, the wiper 1686 of
the rotary switch S1680, the engaged first con-
tact in the associated contact bank, and the
winding of {X to battery. . The circuit for ener-
gizing the 12 relay in the first code storing device

- 81801 extends from the grounded wiper 1786 of
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the rotary switch S1780 by way of the Z lead in
the cable 1700, the engaged first contact in the
contact bank associated with the wiper 1681 of
the rotary switch F1690, the wiper 1891, the con-
tacts 1669 and 1674, the wiper 1688 of the rotary
switch S1690, the engaged first contact in the
associated contact bank, and the winding of IZ to
battery. When energized over the above-traced
circuits, the relays IX and IZ in the first code
storing device S1601 operate to complete, at the
contacts X1 and {Zl, respectively, obvious hold-
ing circuits for energizing the windings thereof,

. ground potential being present upon the conduc-
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tor C1602 at the contacts 1522 of the operated

.control relay R1520,

Also, upon restoring, the relay RIT55 inter-

- rupts, at the contacts 1756, the previously men-

contact in the contact bank associated with the -

wiper 1186 of the rotary switch S1780. At this
point it is noted that the wipers 1783, 1784, 1185
and 1786 of-the rotary switch S1180 respective-
ly correspond to the codes WXYZ. Accordingly,
at this time, the wipers 1771 and 712 of the
rotary switch NIT70 have marked; by way of the
paths noted above, the X and Z wipers 1184 and
1786, respectively, of the rotary switch Si780,
the X and Z wipers being marked in order to
indicate that the first digit of the directory num-
ber of the called subscriber line 2200 is the digit
5. Shortly-following the first digit of the direc-
.tory number of the called subscriber line 2200,
the control relay RI755 restores to complete,
at the contacts 1751, -the previously mentioned
paths for applying ground potential to the wip-
ers 1771 and (712 of the rotary switch NITT0
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and thus to the wipers 1784 and {186 of the ro- -

tary switch S1780. More particularly, these
paths extend from ground by way of the con-
tacts 1752 and 1157 to the wipers 1711 and 1712
of the rotary switch N1710, from the wiper 1771
by way of the engaged fifth contact in the asso-
ciated contact bank and the engaged first con-
tact -in the contact bank associated with the
wiper (184 of the rotary switch S1780 to the
wiper {184, and from the wiper 1712 by way of
the engaged fifth contact in the associated con-
tact bank and the engaged first contact in the

[

tioned circuit for energizing the winding of the
control relay R17150. Shortly thereafter, the con-
trol relay RI150, being of the slow-to-release .
type, restores to interrupt, at the contacts 1752,

"the previously traced marking circuits for the

wipers 1111 and 17112 of the rotary switch NIT70.
Also, the relay R1150 interrupts, at the contacts
1151, the previously traced circuit for energizing
the winding of the magnet MI681 of the rotary ~
switch S1680, thereby to cause the magnet M1681
to restore and drive the wipers noted of -the ro-

_tary switch S1680 one step in the clockwise di-

rection.. At this time the WXYZ wipers 1685,

- 1686, 1687 and 1688 of the rotary switch S1680

engage the respective WXYZ leads in the cables |
136, 135, 134 and 133, respectively, extending to
the second code storing device S1602 in the re-
peater 65.. Finally, upon restoring, the relay
RI1150 completes, at the contacts 1753, an alter-
native circuit for energizing the winding of the
magnet MIT1T of the rotary switch Ni770. The
last-mentioned circuit extends from ground by
way of the wiper 1113 and engaged fifth contact
in the associated contact bank, the multiple 1714,
the contacts {153 and 1718, and the winding of -
MIT1T to battery. When energized over the

70 above-traced circuit, the magnet M1T17 operates

to interrupt, at the contacts 1718, the alternative

- circuit. for energizing the winding thereof, where-

upon the magnet M{117 restores to recomplete, at
the contacts 1718, the previously traced alter-
native circuit for energizing the winding there-
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of. Accordingly, the magnet MIT17 operates in-

termittertly to drive the wipers noted of the .

rotary switch NI7710 step by step in the clockwise
direction until the wiper 1713 of the rotary switch
NIT170 disengages the tenth contact in the asso-
ciated contact bank included in the multiple
1174. At this time the wiper 1713 of the rotary
switch NI-70 engages the eleventh contact in the
associated contact bank, which position consti-
tutes a normal position for the rotary switch
NIT170. At this point it is noted that the codes
appearing upon the first ten contacts in the con-
tact banks associated with the wipers 1771 and
1172 of the -rotary switch N1110 also reappear
upon the twelfth to twenty-first contacts in the
contact banks associated with the wipers (171
and 1712 of the rotary switch Ni710 in order to
mark, by way of the WXYZ wipers 1783, 1784,
17185 and 1786, respectively, of the rotary switch
S1780, the WXYZ code of the second digit 5 of
the directory number of the called subscriber
line 2200. ’

In view of the above description, it will be un-
derstood that when the second, third and fourth
digits of the directory number of the called sub-
scriber line 2200 are transmitted by the director
64 over the {runk line 600, the corresponding
operation of the line relay R1505 in the repeater
65 is effective to cause further operation of the
apparatus in the converter 66 and the repeater
65 in the manner described, whereby the second,
third and fourth digits of the directory number
of the called subscriber line 2200 are translated
into code in the converter 66 and stored in the
code storing devices S1602, S1603 and S1604, re-
spectively, in the repeater 65. At this time there
are stored in WXYZ code in the code storing de-
vices SI601 to SI604, inclusive, in the repeater
65 respectively the first, second, third and fourth
digits of the directory number of the called sub-
scriber line 2200; while there are also stored in
WZXYZ code in the code storing devices S1701 to
S1704, inclusive, in the converter 66 respectively
the three letters of the code designating the ter-

minating exchange 52 and the rate factor appli-

cable to the call between the originating exchange
50 and the terminating exchange 52.

Release of the director, the director selector
switch, and the selector hunting switch

When the wiper 745 of the rotary switch CN740
in the director 64 engages the eleventh contact
in the associated contact bank, the cut-off re-
lay R610 in the director 64 is operated, thereby
to effect the release of the director 64, the di-
rector selector switch 63 and the selector hunt-
ing switch 62 as previously noted. At this time
the director 64 has transmitted the directive
digits, the digits of the directory number of the
called subscriber line 2200 and the WXYZ codes
corresponding to the three letters designating the
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terminating exchange 52 and the rate factor ap- -

plicable to the call between the originating ex-
change 50 and the terminating exchange 52 in
the manner previously explained. More par-
- ticularly, upon operating, the cut-off relay R610
interrupts, at the contacts 611, the previously
traced circuit for applying battery potential in
the director 64 to the control conductor C605
of the trunk line 600, thereby to interrupt the
previously traced holding circuit for energizing
the winding of the test relay R950 in the direc-
tor selector switch 63. The test relay R950
then restores to interrupt, at the contacts 951,
~the previously traced circuit for energizing the
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winding of the control relay R840, whe;eﬁp(;n
the relay R940 restores. Also, upon restoring,

-the test relay R850 interrupts, at the contacts

852, a further point in the previously traced
holding circuit for energizing the lower winding
thereof and prepares, at the contacts 954, a
point in the previously traced circuit for energiz-
ing -the winding of the rotary magnet M99{,
Subsequently, when the relay R940 restores, it
completes, at the contacts 943, the previously
traced circuit for energizing the winding of the
rotary magnet M991. The rotary magnet M98
operates intermittently in order to drive the wip-
er carriage of the Strowger mechanism 920 step
by step in the rotary direction until the wiper
carriage is driven eleven steps in the rotary di-
rection away from its normal rotary position,
whereupon the wiper carriage is returned to its
normal vertical and rotary positions in a well-
known manner. When the wiper carriage of the
Strowger mechanism 920 is returned to its nor-
mal vertical position, the sets of switch springs
5964, S965, S966 and S990 are actuated, the sets of
switch springs S965 and S980 being actuated into
engagement and the sets of switch springs S964
and S966 being actuated into disengagement.
‘When the set of switch springs S964 is actuated
into disengagement, the previously traced circuit
for energizing the winding of the rotary magnet
MS891 is interrupted, thereby positively to arrest
further operation of the rotary magnet M99I.
Also, when fthe wiper carriage of the Strowger
mechanism 920 is actuated back into its normal
rotary position, the set of switch springs S976
is actuated into disengagement. At this time the
director selector switch 63 is completely released
for. further use. o

When the control relay R840 in the director
selector switch 63 is restored, it interrupts, at
the contacts 946, the previously traced circuit for
energizing the upper winding of the impulse re- -
lay R560 in the director 64, whereupon the im-
pulse relay R560 restores. Upon restoring, the
impulse relay R560 interrupts, at the contacts
562, the previously traced circuit for energizing
the winding of the control relay R550 and com-
pletes, at the contacts 561, the previously traced
path for short-circuiting the winding of the con-
trol relay R550, thereby to cause the relay R550
to restore. Upon restoring, the relay R550 in-
terrupts, at the contacts 553, the previously
traced holding circuit for energizing the winding -
of the relay R540 and the lower winding of the
test relay R510, thereby to cause these relays to
restore. Upon restoring, the test relay R510 in-
terrupts, at the -contacts 512, the previously
traced circuit for energizing the impulse relay
R500, thereby to arrest further operation of the
impulse relay R580. Also, upon restoring, the
relay R550 interrupts, at the contacts 552, the
previously mentioned circuit for energizing the
winding of the control relay R530, thereby to
cause the relay R530 to restore shortly there-
after, this relay being of the slow-to-release
type. Finally, upon restoring, the relay R550
completes, at the contacts 551, a holding circuit
for energizing the upper winding of the cut-off
relay R610. This circult extends from ground
by way of the contacts 551, the set of switch
springs S563, C680, the contacts 651 and the up-

. per winding of R610 to battery. Upon restor- -

ing, the relay R%30 completes, at the contacts
537, a chain circuit for restoring the rotary
switches CN740, U820, D810, C800, MT120 and
'T130, and the Strowger mechanism 700 to their
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normal posltions the rotary switch CN'H!B be-
ing restored to its normal position first. 'This
chain circuit extends from ground by wa; tg of the
wiper 843 and ‘engaged first contact in the asso-
ciated contact bank of the rotary switch 8840,
the rotary switch S840 being returned to its nor-
mal position after the last digit of the directory
‘number of the ealled subscriber line 2208 is trans-
mitted from the director §4 over the trunk line
600 as previously explained, C815, the contacts
537, C571, the wiper 743 and engaged eleventh
contact in the associated contact bank of the

10

rotary switch CN740, the multiple 744, the con- .

tact 742 and the winding of the magnet M14t
to battery. When energized over the above-
traced circuit, the magnet M141 operates to drive

the wipers noted of the rotary switch CN740 one:

step in the counterclockwise direction, as ‘pre-
viously explained, whereupon the w}per 143 of
the rotary switch CNTd8 engages the first con-
tact in the associated contact bank, thereby to

complete & circuit for energizing the magnet

M821 of the rotary switch U820. The last-men-
tioned circuit extends from ground by way of
the previously traced path to the wiper 143 of
the rotary switch CNT40 and therefrom by way
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of the engaged first contact in the associlated .

contact bank, C184, the wiper 822 of the rotary
switch U820 and engaged contact in the asso-
ciated contact bank, the multiple 823, the con-
tacts 821 and the winding of the magnet M82i
to battery. . When energized over the above-
traced circuit, the magnet-M821 operates to drive
the wipers noted of the rotary switch U820 step
by step in the counterclockwise direction back to
their normal rotary positions, whereupon the
wiper 822 disengages the contacts in the asso-
ciated contact bank included in the miltiple 823

and engages the first. contact in the associated.

~ contact bank. When the wiper 822 of the rotary
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switch U820 disengages the contacts in the asso- -
ciated contact bank connected to the multiple .

823, the previously traced circuit for energizing
the magnet MB821 is interrupted, thereby to ar-
rest further operation of the magnet M821; and
~when the wiper 822 of the rotary switch Uazu_
engages the first contact in the associated con-
tact bank, a circuit is completed for energizing
the winding.of the magnet M8i1 of the rotary
" switch . D810. Theé~ last-mentioned circuit ex-
tends from ground by way of the previously
traced path to the wiper 822 of the rotary switch
U820 and therefrom by way of the engaged first
contact in the associated contact bank, the wip-
er 813 of the rotary switch D810, the engaged
contact in the associated contact bank, the mul-
. tiple 814, the contacts' 812 and the winding of
the magnet M8{1 to battery. When energized
over the above-traced.circuit, the magnet M8il
_operates in order to drive the wipers noted of
the rotary switch D810 step by step in the coun-

terclockwise . direction back into their normal’

positions, whereupon the wiper 813 disengages
the contacts in the associated contact bank in-
cluded in the multiple 814 and engages the first
contact in the associated contact bank, thereby
-to arrest further operation of the magnet M811

of the rotary switch D810 and to complete a cir-.
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cuit for energizing the magnet M801 of the rotary -

switch C800.

The last-mentloned circuit extends from
ground by way of the previously traced path to
the wiper 813 of the rotary switch D810 and

" therefrom by way of the wiper 803 of the rotary
switch C8060 and engaged contact in the associ-

70

_ the rotary magnet M1I$§ is interrupted, thereby -

ated contact bank the multiple 804, the contacts ’

802 and the winding of M80I to battery. When -

energized over the sbove-traced circuit, the mag-
net M881 operates to drive.the wipers moted of
the rotary switch C860 step by step in the coun-

‘terclockwise direction back into their.normal
rotary positions, whereupon the wiper 803 ‘dis-

engages the contacts. in the associated contact
bank included in the multiple 804 and engages

the first contact in the associated contact bank,

thereby to arrest Turther operation of the mag-
net M80{ of the rotary. switch €800 and to com-
plete-a circuit for energizing the winding of the
magnet M121 of the rotary switch M7T20.

The last-mentioned circuit extends from
ground by way of the previously traced path. to
the wiper 803 of the rotary -switch C808 . and
therefrom by way of the wiper 723 of the rotary

/

switch 'M720, the engaged contact in the asso- -

ciated contact bank of the rotary switch M120,
the multiple 724, the contacts 722 and the wind-
ing of M121 to battery.  When energized over the
above-traced circuit, the magnet M121 operates

to drive the wipers noted of the rotary switch -

M120 step by-step in the counterclockwise direc-
tion back into their normal rotary positions,
whereupon the wiper 723 disengages the contacts

in the associated contact bank included.in the .

multiple 724 and engages the first contact. in the

associated contact bank, thereby-to arrest fur-.

ther operation of the magnet M721 and to com-

magnet M131 of the rotary switch T730.

The last-mentioned 'circuit extends from
ground by way of the previously traced path
to the wiper. 723 of the rotary switch M720 and
therefrom by way of the wiper 733 of the rotary
switch T730 and engaged contact in the  asso-
ciated contact bank, the multiple 734, the con-
tacts 732 ‘and the winding of M131 to battery.
When energized over the above-traced circuit,

plete a circuit for energizing the windihg of the:.-

the magnet M131 operates to drive the wipers

‘noted of the rotary switch T730 step by step in

the counterclockwise direction back into their
normal rotary positions, whereupon the wiper 733
disengages the contacts in the associated con-
tact bank included in the multiple 734 and en-
gages the first contact in the associated contact

bank, thereby to arrest further operation of the

magnet MT31 and to complete a circuit for ener-

gizing the rotary magnet M‘HS of the Strowger i

mechanism 700.
The last-mentioned c1rcuit extends from

ground by way of the previously traced path to -

the wiper 133 of the rotary switch T130 and there-
from by way of the set of switch springs S718,
the contacts 71T and the winding of MT16 to bat-
tery. ~'When energized over the above-traced cir-

cuit, the rotary magnet MTI6 operates to drive -

the wiper carriage of the Strowger mechanism

109 step by step away from its operated position .

into a position disposed eleven steps away from
its normal. position, whereupon the wiper car-
riage of the Strowger mechanism is returned to

its norma] vertical and rotary positions.. When-

the wiper carriage of the Strowger mechanism
700 is returned to its normal pos1tion, the sets
of switch springs 8718 and S§63 are actuated into
disengagement. When the set of switch springs
S118 is actuated into dlsengagement the previ-

ously traced circuit for energizing the winding of .

~ to arrest further operation of the rotary magnet
M116. When the set of switch springs 55683 is

75

actuated into disengagement, »the previously
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traced holding ecircuit for energizing the winding
of the cut-off relay R810 is interrupted, thereby
to cause the cut-off relay R810 to restore shortly
thereatter, this relay being of the slow-to-release
type. At this time the director 64 is completely
released and battery potential therein Is con-
nected by way of the previously traced circuit to

the control conductor C605 of the trunk line 600,

thereby rendering the director 64 accessible to
the director selector switches. having access
thereto. -
When the control relay R940 in the director se-
lector switch 63 restores, it interrupts, at the
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terrupts, at the contacts 1514, a shunt path ex:

“tending between the line conductors C1586 and

CI557 of the toll line 1553, this path extending,
before it is interrupted, from the positive line con-
ductor C1557 of the toll line (8§85, by way of the .
contacts (518 and 1586, to the negative line con-
ductor C1556 of the toll line 1555. Further, the

_relay RISI0 completes, at the contacts 1512, a

10

contacts 948, the previously traced circuit for -

applying battery potential in the director selec-
tor switch 63 to the control conductor CI38 of
the trunk line 130, thereby to interrupt the pre-

15

viously traced holding circuit for energizing the .

upper winding of the control relay R430 in the
first code selector switch 61. Shortly thereafter,
the control relay R430 restores, this relay being
‘rendered slow to release due to the completed
path for short-circuiting the lower winding there-
of. Upon restoring, the control relay R430 com-
. pletes, at the contacts 434, the previously traced
circuit for energizing the winding of the magnet
MSIT of the selector-hunting switch 62, thereby
to cause the magnet M917 to operate intermit-
tently and drive the wipers noted of the selector
hunting switch 62 in the counterclockwise di-
rection back into their normal rotary positions.
At this time the selector hunting switch 62 is
completely released. .
~ Also, upon restoring, the control relay R430
interrupts, at the contacts 43f, the previously
traced circuit for energizing the winding of the
cut-through relay R400, thereby to cause the cut-
through relay R400 to restore. Upon restoring,
the cut-through relay R400 interrupts, at the
contacts 402 and 404, the connection between the
Strowger mechanism 480 in the first code selec-
tor switch 61 and the trunk line 800 extending
between the first code selector switch 61 and the
selector hunting switch 62 and completes, at the
contacts 401 and 402, a connection between the
trunk line 260 extending between the rotary
switch D220 individually associated with the call-
ing subscriber line 250 and the Strowger mech-
anism 480 in the first code selector switch 61.
When the subscriber at the subscriber substa-
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circuit for energizing the line relay RI5§05 di-
rectly across the positive and negative line con-
ductors CA28 and CA21, respectively, of the trunk
line 426 and completes, at the contacts 1513, the
previously mentioned communication connection .
between the trunk line 426 and the toll line 1858.
After the subscriber at the subscriber substa-
tion T2 answers the call extending thereto, the
cqmmunicatio‘n connection between the subsecrib-
er substations T1 and T2 extends !tong the sub-
scriber substation Tl by way of the positive line
conductor €252 of ‘the subscriber line 258, the
contacts 214, the wiper 222 and engaged contact
in the associated contact bank of the rotary
switch D220, the positive line conductor C282
of the trunk line 260, the contacts 313 and the
lower winding of R370 to ground and from the
negative line conductor C251 of the subscriber

 line 258 by way of the contacts 212, the wiper
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221 and- engaged contact in the associated con-
tact bank of the rotary switch D220, the nega-
tive line conductor C261 of the trunk line 289,
the contacts 312 and the upper winding of the
line relay R370 to battery. The telephone in-
strument at the calling subscriber substation TI
is bridged across the positive and negative line
conductors C252 and C25i, respectively, of the
subscriber line 250, as previously noted. Also,
the telephone instrument at the called subscriber
substation T2 is bridged across the positive and
negative line conductors of the subscriber line
2200, the subscriber line 2260 being connected by
way of the connector switch 92, the second nu-

- merical selector switch 81 and the first numeéri-.

tion T2 answers the call extended thereto, a two- -

way communication connection is established be-
tween the subscriber substation Tl and the sub-
scriber substation T2. At this point it is noted
that after the fourth digit of the director num-
ber of the called subscriber line 2200 has been
repeated by the repeater 65 over the toll line
1555, the rotary switch S1680 in the repeater 65
is operated to cause the wipers noted -thereof to
engage the fifth contacts in the -associated con-
tact banks.- More specifically, the wiper 1689 of
the rotary switch S1680 engages the fifth con-
tact in the associated contact bank, whereupon
a circuit is completed for energizing the control
relay R1510. This circuit extends from ground
by way of the contacts 1645, the wiper 1689 and
engaged fifth contact in the associated contact
bank, C1606 and the winding of RI510 to bat-
tery. When energized over the above-traced cir-
cut, the relay R1510 operates to complete, at the
contacts (516, a holding circuit for energizing
the winding thereof, this circuit extending from
ground by way of the contacts 1645, C1607, the
- contacts 1516 and the winding of RI510 to bat-
tery. Also, upon operating, the relay RI510 in-
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cal Selector switch 80 to the dial repeater 8.
The dial repeater 81 is connected by way of the
group selector switch 88 to the toll line 1555, the
positive line conductors Ci557T of the toll line
1555 being connected by way of the right-hand
winding of the time start rélay R1540, the im-
pedance element I1548, CI518 and the contacts
1506 to the negative line conductor C1556 of the
toll line 1555. Also, there is completed a circuit
extending from ground by way of the lower
winding of the line relay RI505, the contacts
1512, the positive line conductor C428, the wiper
482 and engaged contact in the associated con-
tact bank of the Strowger mechanism 480, the
contacts 463, 412 and 444, the upper winding of
the relay R420, the contacts 412, Ci04, the right-
hand winding of the relay R330, Ci6l, the con-
tacts 401, 442 and 462, the wiper 481 and en-
gaged contact in the associated contact bank of
the Strowger mechanism 480, the negative line
conductor C4217 of the trunk line 426 and the up-
per winding of the line relay R1505 to battery.
Furthermore, it is noted that the above-traced
circuit is coupled, by- way of the condensers 353
and 354, to the previously traced circuit includ-

“ing the telephone instrument at the calling sub-

scriber substation TI; and is coupled, by way
of the condensers 1550 and 1551, to the previous-
ly traced circuit extending to the dial repeater
81, which is coupled in turn to the circuit in-

- cluding the telephone instrument at the called

subscriber substation T2. _
Finally, it is noted that after the rotary switch
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R1790 in the converter 66 operates to cause the
rate factor to be stored in the fourth code stor-

ing device S1704 in the converter 66, the wiper -

1194 of the rotary switch R1790 engages & con-
tact in the associated contact bank included in
the multiple 1796, thereby to complete an alter-
native circuit for energizing the winding of the
magnet Mi19( of the rotary switch RI790.

circuit extends from ground by way of the wiper
1794 and engaged contact in the associated con-
tact bank of the rotary switch R1790, the multi-
ple 1796, the contacts 1782 and the winding of
the magnet MIi191 to battery. When energized

10

over the above-traced circuit, the magnet M1791

operates to interrupt, at the contacts 1792, the
previously traced circuit for energizing the wind-
ing thereof, thereby to cause the magnet MI19
to restore and recomplete, at the contacts 1792,
the previously traced circuit for energizing the
winding ‘thereof. Thus, thezmagnet M1781 oper-
ates intermittently to drive the wipers noted of
the rotary switch RIT90 step by step in the
clockwise -direction until the wiper 1194 of the
rotary switch R1790 disehgages the last contact

in the associated contact bank included in the
multiple 1796. The rotary switch RI7190 in the
converter 66 occupies. its normal position at this
time. . .
Operation of the detectors

When the repeater 65 is seized by the first code:
selector switch 61 the rotary switch F1699 op-
erates to find the idle converter 66 in the group
of converters accessible thereto, as previously ex-
plained, whereupon the relay R1720 in the con-
verter 66 operates as previously noted. Upon
operating, the relay R1720 completes, at the con-
- tacts 1722, a path for applying ground potential
_ to the start conductor C1108 extending to the
detectors 10 and 1i, this path extending from
ground by way of the contacts. 1132 and 1722
to the start conductor Cl108. This application
of ground potentlal to. the start oonductor Cl1108
completes an’ obvious path for energizing the

winding of the start relay R1350 in the detector '

10 and a similar path for energizing the winding
of the corresponding start relay in the detector
71. When energized over.the above-traced cir-
cuit the start relay R1350 operates to complete,

at the contacts 1351, a circuit for energizing the
winding of the magnet MIif2t of the rotary °

switch Fi120. This circuit extends from ground
by way of the contacts 1302, 326 and 1351,
Ctilt, the contacts 1122, and the winding of
Mii2]1 to battery. When energized over ,the

above-traced circuit the magnet M112{ operates *

to condition the wiper. (123 of the rotary switch
F1120 to be driven one step in the clockwise di-
rection and to interrupt, at the contacts 1122, a
point in the previously traced circuit for ener-
gizing the winding thereof, thereby to cause the
magnet Mil21 to restore. Upon restoring, the
magnet M112{ recompletes, at the contacts 1122,
the previously traced circuit.-for energizing the
winding thereof and drives the wiper 1123 of the
rotary switch P1120 one step in the clockwise
direction. Accordingly, the. magnet M1{21 op-
erates intermittently, thereby to drive the wiper
1123 of the rotary switch F1120 step by step in
the clockwise direction until the wiper 1123 en-
gages the contact in the associated contact.bank
‘terminating the conductor CI106, whereupon. a
circuit is completed for energizing the winding of
the test relay R1320 in the detector 10 in series
with the test relay RIT40 in the converter 66
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whereupon the test relays R1320 and _RI740
operate. Upon operating, the test relay Ri320
interrupts, at the contacts 1326, the previously,
traceq circuit for energizing the winding of the
magnet Mi 121, thereby positively to prevent fur-
ther operation of the rotary switch Fi120. U;
operating, the test relay RI740 in the conve o T
66 prepares a test circuit between the control
conductor C253 of the calling subscriber line 250
and the detector 10. The portion of the test
circuit prepared extends from the control con-
ductor C253 of the subscriber line 260 by way of -
the contacts 216, the wiper 226 and engaged con-
tact in the associated contact bank of the ro-
tary switch D220, the control conductor C263 of
the trunk line 260, the contacts 446, 474, 451,
CI106, the contacts 381, CI107, the wiper 483 and
engaged contact in the associated contact bank
of the Strowger mechanism 480, the contiol con-
ductor C429 of the trunk-line 426, CI615, the
contact 1621, C180, the wiper 1693 and engaged

first contact in the associated contact bank of

the rotary switch Fi680, C1704, and the contacts
1733 and 1741 to the tone conductor C110871. Fur-
ther this test circuit extends from the tone con-
ductor C1107 by way of a secondary winding 1357
of the transformer 1355 to the conductor C1380,

- and from the conductor C1380 by way of the con-
-ductor C1421 to the detector Ti.

- Further it will
be understood that a rotary switeh in the de-
tector 11 corresponding to the rotary switch
F1120. in the detector 10 operates to find the
conductor Cl 106 extending into the converter 6§.

Also, upon operating, the test relay RI1320
completes, at the contacts 1324, a circuit for en-
ergizing the primary winding 1356 of the trans-
former 1355, this circuit extending from one ter-
minal of the 2000 cycle generator 1352 by way of
the primary winding 1356 of the transformer
1355 and the contacts 1324 {o the other terminal .
of the generator 1352. The generator 1352 causes-
a 2000 cycle alternating current to traverse the
primary winding 1356 of the transformer {355
and induce a corresponding alternating potential
in the secondary winding 1357 included in the
previously traced test circuits extending to the

- detectors 70 and Tl for a purpose more fully

described hereinafter. Also, upon operatinhg, the
test relay Ri320 completes at the contacts 1321
a circuit for energizing the lower winding of the
impulse relay R1318, this circuit extending from
ground by way of the contacts 1321, Ci370, the
contacts 1333, 1303 and {341 and the lower wind-
ing of Ri310 to battery. When energized over
the above-~traced circuit the impulse relay RI310
operates to interrupt at the contacts 13({ the

* previously traced circuit for energizing the lower
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winding thereof, thereby to:cause the impulse

- relay R1310 to restore in order to recomplete, at

the contacts 1311, the previously traced circuit
for energizing the lower winding thereof. Ac-
cordingly, the impulse relay RiI310 operates in-
termittently. Purthermore, upon operating, the
test relay R1320 prepares, at the contacts 1322,
points in holding circuits for energizing the wind-
ing of the locking relay ML, CL, DL and UL, and
prepares, at the contacts 1323, circuits traced
hereinafter for energizing the windings of the
control relays RA, RB and RC in series with vari-
ous ones of the counting relays IR to 10R, inclu-
.;ifve, in a manner more fully. described herein--

ter.

It is noted that the mtermlttent operation of
the impulse relay R1318 controls the counting
relay network 1200. More particularly, the first
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time the impulse relay RI3i0 operates it com-
pletes, at the contacts 1312, a sircuit for ener-
gizing the winding of the first counting relay
IR, this circuit extending from ground by way
of the contacts 1312, RCI, RBI, RAIl, and the
winding of IR to battery. When energized over
the above-traced circuit, the counting relay IR
operates to prepare, at the contacts IR2, a hold-
ing circuit for energizing the winding thereof in
series with the switching relay -RA subsequent
to the restoration of the impulse relay Ri310,
and prepares, at the contacts IR3, a circuit
traced hereinafter for energizing the winding of
. the second counting relay 2R. When the im-
pulse relay RI310 restores, the previously men-
tioned holding circuit for energizing the wind-
ing of the first counting relay IR in series with
the switching relay RA is completed. This cir-
cuit extends from ground by way of the con-
tacts 1323 and 1304, C13712, the contacts RB1,
the winding of RA, the contacts IR2, and the
winding of IR to battery. When energized over
the above-traced circuit, the first counting re-
lay IR is retained in its operated position and
the switching relay RA is operated. Upon op-
erating, the switching relay RA interrupts, at
the contacts RAIl, a point in the previously
traced original circuit for energizing the wind-
ing of the first counting relay IR, prepares, at
the contacts RA2, a further point in the pre-
viously mentioned circuit for energizing the
winding of the second counting relay 2R, and
interrupts, at the contacts RA3, a pont in the
holding. circuit for energizing the winding of
the switching relay RC.

When the impulse relay Ri310 operates for
the second time, it completes, at the contacts
1312, the previously mentioned circuit for ener-
gizing the winding of the second counting relay
2R, this circuit extending from ground by way
of the contacts {312, Ci313, the contacts RCI,
RBI, RA2? and IR3, and the winding of 2R to
battery. When energized over the above-traced
circuit, the second counting relay 2R operates to
prepare, at the contacts 2R3, a holding circuit
~ for energizing the winding thereof in series with

the winding of the switching relay RB subse-

quent to the restoration of the impulse relay
R1310, and prepares, at the contacts 2R4, a
point in a circuit for energizing the winding of
the third counting relay 3R. Subsequent to the
restoration of the impulse relay Ri310, the pre~
viously mentioned holding circuit for energizing
the winding of the second counting relay 2R in
series with the winding of the switching relay RB
is completed, this circuit extending from ground
" by way of the contacts 1323 and 130(, Ci312,
the contacts RC3, the winding of RB, the con-
tacts 2R3 and the winding of 2R to battery.
When the above-traced circuit is completed, the
second counting relay 2R remains in its oper-
ated position and the switching relay RB oper-
ates to interrupt, at the contacts RB3, the pre-
viously traced holding circuit for enecrgizing the
winding of the first counting relay IR in series
with the winding of the switching relay RA,
thereby to cause the first counting relay IR
and the switching relay RA to restore. Also,
. upon operating, the switching relay RB inter-
rupts, at the contacts RBI, a point in the pre-
viously traced original circuit for energizing the
winding of the second counting relay 2R, and
prepares, at the contact RB2, a point in a circuit
for energizing the winding of the third count-
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relay RA prepares, at the contacts RA3, a point
in a holding . circuit for energizing the winding
of the third counting relay 3R in series with
the switching relay RC.

In view of the above description of the oper-

-ation of the counting relay network 1209, it will

be understood that the counting relays IR to
I0R, inclusive, and the switching relays RA, RB
and RC are operated in the following order:

Operated
relays in the
counting
relay net-
work 1200

Number of operations and restorations of the
impulse relay R1310

R 1R and RA
2R and RB
3R and RC
4R and RA

- 5R and RB
: 6R and RC
7R and RA
8R and RB
‘9R and RC
10R and RA

00 aT 0OV GO DD Mt

Upon operating, the first counting relay IR
completes, at the contacts IRI, an obvious path
for applying ground potential to one of the con-
ductors in the cable 120f; upon operating, the
second counting relay 2R completes, at the con-
tacts 2R{, an obvious path for applying ground
potential to one of the conductors .in the cable
1202, and interrupts, at the contacts 2R2, the
previously mentioned path for applying ground
potential to one of the conductors in the cable
1201; the third counting relay 3R completes, at
the contacts 3R1, an obvious path for applying
ground potential to one of the conductors in
the cable 1203, and interrupts, at the contacts
3R2, the previously mentioned path for apply- .
ing ground potential to one of the conductors
in the cable 1202; etc. Accordingly, it will be
understood that ground potential is sequentially
applied to corresponding ones of the conductors

-in the cables 1201 to 1210, inclusive, incident to

(':121:' operation of .the counting relay network
The detector 70 operates at this nme to deter-
mine the particular 1000 group of lines in the
10,000 group of lines terminating at the orig-
inating exchange 50 which includes the calling
subscriber line 250. More particularly, upon
operating, the test relay R1320 completes, at the
contacts 1325, a circuit for energizing the wind-
ing of the selecting relay MK, this circuit ex-
tending from ground by way of the contacts 1325,
MLS, C1314 and the winding of MK to battery.
When energized over the above-traced circuit,
the selecting relay MK operates to prepare, at the
contacts MKI{ to MKI0, inclusive, the previously
mentioned path for applying ground potential to
the first conductor in each of the cables i20f to
1210, inclusive. Accordingly, at this time, ground
potentml is sequentially applied to the first con-
ductors in the cahles 1201 to 1210, inciusive, in-
cident to the operation of the counting relay net-
work 1200, whereby the relays ISM to {0SM,
inclusive, in the first code storing device T0SM
are sequentially operated. Upon operating, the
first relay ISM in the code storing device 10SM
completes, at the contacts 1SM4, a circuit for en-
ergizing the first relay IM in the crossbhar switch
control network 1100, this circuit extending from
ground.by way of the contacts 1321, Ci 381, the

contacts {SM4, the first conductor in the cable /-

1103, and the winding of IM to battery, where-
upon the relay M operates’ Also, upon operat-
N .
~



2,297,865

ing, the first relay §SM prepares, at the contacts
ISM3, a holding circuit for energizing the wind-
ing thereof in series with the locking relay ML,
which holding circuit is completed in the event
the calling subscriber line 250 is included in the

first 1000 group of lines terminating at the orig- .

inating exchange 50. On the other hand, in the
event the calling subscriber line 250 is not in-
cluded in the first group of 1000 lines terminating
at the originating exchange 50, the present ex-

ample, the first relay ISM in the code storing.

device TOSM subsequently restores and the sec-
ond relay 2SM in the code storing device T0SM
operates. More specifically, the relays ISM to
10SM, inclusive, in the code storing device T0SM
operate sequentially until the relay in the code
storing device T0SM is operated, which relay cor-
responds to the particular group of 1000 lines
terminating at the originating exchange 50 in-
cluding the calling subscriber line 250.

Upon operating, the first relay {M in the cross-
bar switch control network {100 completes, at the
contacts IM{ to §MS, inclusive, obvious .circuits
for energizing the first to the iifth horizontal
magnets HMI to HMS, inclusive, of the first
crosshbar switch (001, these circuits- extending
from the grounded conductor C1102 by way of
the back contacts of the relay MS and the con-

_tacts tMIi to IMS5, inclusive, of the relay IM,
the conductors in the cable 1014 and the wind-
ings of the horizontal magnets HMI to HMS,
inclusive, to battery. Also, upon operating, the
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terminating at the originating exchange 50.
Thus, this test circuit is not completed at this
time. When the first relay {SM in the code stor-
ing device. TOSM restores and the second relay
2SM therein operates, the first relay IM and the
second relay 2M in the crossbar switch. control
network 1100 respectively restore and operate.
When the first relay IM restores, the previously
traced circuits for energizing the windings of the
horizontal magnets HM{ to HMS, inclusive, and
the windings of the odd and even relays OC and
EC, respectively, are interrupted at the contacts
iM{ to {MT, inclusive, thereby to cause the hori-
zontal magnets HMI to HMS, inclusive, and the
odd and even relays OC and EC, respectively, to
restore. When the second relay 2M operates,
there are completed, ‘at the contacts 2M{ to 2MS,

" inclusive, obvious circuits for energizing, by way

20 .
. crossbar switch 1001.

30

relay IM completes, at the contacts IM6 and

{M1, circuits for respectively energizing the even
and odd relays EC and OC, respectively, these
circuits extending from the grounded conductor
C1102 by way of the back contacts of the relay
MS, the contacts IM6 and IMT of the relay {M
and tht windings of the relays EC and OC to
battery. When energized over the above-traced
circuit, the odd relay OC obperates to complete
at thz contacts OC{ to OCIi0, inclusive, obvious

of the conductors in the cable 1015, the horizon-
tal magnets HMG6 to HM{0, inclusive, of the first
- Also, upon operating, the
second relay 2M completes, at the contacts 2M6
and 2M1, alternative circuits for energizing the
odd and 'even relays OC and EC, respectively,
whereupon the last-mentioned relays reoperate
and recomplete, at the contacts OCI to OCH10, in-
clusive, and at the contacts ECI to ECI0, in-
clusive, respectively, the previously traced cir-
cuits for energizing the windings of the vertical
magnets VM{ to VMIO0, inclusive, and the ver-
tical magnets VMIf to VM20, inclusive. Ac-
cordingly, at this time, the horizontal magnets
HM6 to HMIO0, inclusive; and the vertical mag-

" nets VMI to VM24, inclusive, of the first cross-
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eircuits for energizing the vertical magnets’ VMI |

to VMI0, inclusive, these circuits extending from
the grounded conductor Cti{i6 by way of the

back contacts of the relay CS, the contacts OCH{

to OCI190, inclusive, of the odd relay OC, the con-
ducters in the cable 1012 and the windings of
the vertical magnets VMI to. VMI0, inclusive,
to battery., When energized over the above-
traced circuit, the éven relay EC operates to com-
plete, at the contacts EC{ to ECI0, inclusive, ob-
vious circuits for energizing the windings of the
vertical magnets VMil to VM20, inclusive, these
circuits extending from the grounded conductor
Cili6 by way of the back contacts of the relay
. CS, the contacts ECI to EClo inclusive, of the
even relay EC, the conductors in the cable 1013
and the windings of the vertical magnets VMII
to VM20, inclusive, to battery.

‘When the horizontal magnets HMI to HMS, in-
clusive, and the vertical magnets VMI{ to VM20,
inclusive, are energized, these magnets operate,
thereby to cause the corresponding horizontal
and vertical bars in the first crossbar switch 1001
to be operated, whereupon the associated 190 con-
tact sets in the first crossbar switch are actu-
ated, tcn pairs of contact springs in each con-
tact set being actuated into engagement. This

operation of the horizontal magnets HM{ to HMS,
to.

inclusive, and the vertical magnets VMI
VM20, inclusive, prepares & further pomt in
the previously mentioned test circuit. However,
in the present example, the calling subscriber. line
250 is includeqd in the second 1000 group of lines
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. tery biasing potential is applied to the grid 1307
of the vacuum tube 1305 by way of the secondary- -

bar switch 1001 operate, thereby to operate the
asscciated horizontal ang vertical bars in the
first crossbar switch {001, whereupon the second
group of 100 contact sets are operated, each con-
tact set including ten pairs of operated contact
springs.

In view of the fact that the calling subscriber
line 250 is included in the second group of 1000
lines terminating at the originating exchange 50,
the previously mentioned test circuit is completed
at this time. This test circuit extends from the
control conductor C253 of the calling subscriber
line 250 by way of the conductor C254, the set
of switch springs illustrated, associated with the .
tenth horizontal bar and the second vértical bar
in the first crossbar switch {00f, one of the con-
ductors in the cable 101, one of the sets of con-
tacts DSI to DSI0, inclusive, of the relay DS
and the conductor C({{3 to the primary wind-
ing 1346 of the transformer {341. Further, this
test circuit extends over the previously traced
prepared path by way of the converter 66, the

repeater 65, the first code selector switch 6f and

the rotary switch D220 to the control conductor
C253 of the subscriber line 250. ,

In view of the fact that this test circuit is
completed, 2000 cycle current traverses the pri-
mary winding 1346 of the transformer 1347 and -
induces a similar alternating current potential -
in' the secondary winding 1345 of the {rans-
former (347. At this point, it is noted that the
vacuum tube detector 1305 comprises a filamen-
tary cathode 1306 included in a circuit extend- -

.ing from ground by way of the switch S1342, the N

resistor l343 the filamentary cathode 1306 anc
the resistor 1344 to battery, Also, negative ba

- winding 345 of the tarnsformer [341. At this

5

time, when 2000 cycle voltage is-induced in the

secondary winding 1345 of the transformer: 347"
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and applied to the grid 1307, the detector 1305
operates, in a well-known manner, to ‘cause di-
rect current to traverse the winding of the fest
relay R1330 over a circuit extending from the
positive terminal of the anode current source by
way of the winding of the test relay R1330, the
anode 1308, the cathode (306 and the resistog
{344 to the negative terminal of the anode cur-
rent source, When the winding of the test relay
RI1330 is energized by way of the above-traced
circuit, this relay operates to interrupt, at the
-contacts 1333, the previously traced circuit for
energizing the winding of the impulse relay
RI310 and to prepare, at the contacts 1332, a cir-
cuit for energizing the winding of the locking
relay ML in series with the winding of the sec-

ond relay 2SM in the code storing device TOSM .

subsequent to .the restoration of the seccnd
counting relay 2R in the counting relay. network
1200.. Also, upon operating, the test relay R1320
completes, at the contacts 1331, a circuit for en-
ergizing the reset relay RI1300, this circuit ex-
tending from ground by way of the contacts
{321, C1311, the contacts 1331 and the winding
of RI300.to battery. When energized over the
above-traced circuit, the reset relay Ri300 oper-
ates to interrupt, at the contacts 1301, the previ-
ously traced holding circuit for energizing the
winding of the switching relay RB in series with
the winding of the second counting relay 2R in
the counting relay network 1200, thereby to cause
" the switching relay RB and the second counting
relay 2R to restore. Upon restoring, the second
counting relay 2R interrupts, at the contacts
2RI, the previously traced original circuit for en-
ergizing the winding of the second relay 2sM
in the code storing device T0SM, whereupon the
previously mentioned circuit for energizing the
winding of the locking relay ML in series with
the second relay 2SM - in the code storing device
70SM is completed. The last-mentioned circuit
extena., from ground by way of the contacts
1321, C1310, the contacts 1332, CI3T{, the con-
tacts ML2, the winding of ML, Ci4i4, the con-
tacts 2SM3 and the winding of 2SM to battery.
When energized over the above-traced circuit,
the locking relay ML operates to interrupt, at the
contacts ML2, a point in the previously traced
circuit for energizing the winding thereof in se-
ries with the winding of the second relay 2SM
in the code storing device T0SM, and to complete,
at the contacts ML4, an obvious holding circuit
for energizing the winding thereof in series with
the winding of the second relay 2SM.
. Also,” upon. operating, the locking relay ML
prepares, at the contacts ML3, a point in g cir-
cuit traced hereinafter for energizing the wind-
ing of the locking relay CL and completes, at
the ¢ontacts ML, an obvious circuit for energiz-
ing t.1e winding of the relay MS, thereby to cause
‘opersztion of the relay MS. Also, upon operating,
the lucking relay ML interrupts, at the contacts
MLS, the previously traced circuit for energizing

the winding of the selecting relay MK in order.
to ¢ use the selecting relay MK to restore, and .

com; letes, at the contacts MLS, a circuit for en-
ergl: ng the winding of the selecting relay CK.
The ;ast-mentioned circuit extends from ground
by wey of the contacts 1325, ML5 and CLS, C1315
and the winding of CK to battery. When' ener-
gized over the above-traced circuit, the select-
ing relay CK operates to prepare the previously
mentioned path for applying ground potential to

the second conductors in the cables 1201 to 210,
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inclusive, incident to the- reoperation of the
counting relay network 1200. :

Upon operating, the relay MS interrupts, at
the back contacts MSIB to MS3B, inclusive, the
previously traced circuits for energizing the wind-
ings of the horizontal magnets HM6 to HMI0,
inclusive, and to interrupt, at the back contacts
MS6B and MSIB, the previously traced circuits
for energizing the windings of the even and odd
relays EC and OC, respectively, thereby to cause
the horizontal magnets HME to HMIW, inclusive,
and the even and odd relays EC and OC to re-.
store. When the odd and even relays OC and EC
restore, the previously traced circuits for ener-
gizing the windings of the vertical magnets VMI
to VM20, inclusive, are interrupted, at the con-
tacts OCI to OCI10, inclusive, and at the contacts
ECI to ECI0, inclusive.

Accordingly, at this time, the horizontal mag-
nets HM6 to HEMIO0, inclusive, and the vertical
magnets VMI to VM20, inclusive, restore to in-
terrupt, at the set of contact springs illustrated,
the previously traced test eircuit. whereupon the
vacuum tube detector 1303 cuts off and inter-

25 rupts the previously traced circuit for energizing

the winding of the test relay R1330. The test
relay R1330 then restores to recomplete, at the
contacts 1333, the previously traced circuit for
causing intermittent operation of the impulse re-
lay R1310, and interrupts, at the contacts 1331,
the previously traced circuit for energizing the
winding of the reset relay R1300. Shortly there-
after, the reset relay R1300, being of the slow-to-

" release type, restores to recomplete, at the con-
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tacts 1301, the previously traced circuit for en-
ergizing, the counting relays in the counting re-
lay network 1200. Af this time, further opera-
tion of the counting relay network 1200 is ini-
tiated and the second relay 2SM in the code stor-
ing device T0SM corresponding to the particular
1000 grqup of lines terminating at the originating
exchange 50 and including the calling subscriber
line 250 is operated and locked in its operated
position in series with the locking relay ML.
Also the relays 2M and MS remain operated.
‘The detector 10 then operates to determine
the particular 100 group of lines in the previously
determined 1000 group of lines terminating at the
originating exchange 50 which includes the cali-

' ing subscriber line 250. More particularly, the

operation of the counting relay network (200
causes the relays I1SC to 10SC, inclusive, in the
code storing device 10SC to be operated sequen-
tially, due to the fact that the selecting relay-

5 CK occupies its operated position at this time.

When the first relay ISC in the code storing
device T0SC is operated, it completes, at the con-
tacts 1SC2, a circuit for energizing the hori-
zontal magnet HM6 in the first crossbar switch
1001. This circuif extends from ground by way
of the contacts 1327, CI1381, the contacts 1SC2,
the first conductor in the cable 1181, the front
contact MSIF of the relay MS, the contacts 2M1,
the first conductor in the cable 1015 and the
winding of HM6 to battery. Also, upon operat-
ing, the first relay ISC in the code storing de-
vice 10SC completes, at the contacts ISC3, a
circuit for energizing the winding of the odd relay
OC, this circuit extending from ground by way of

-the .contacts 1321, CI381, C1432, the contacts

{sC3, the odd conductor 1n the cable {104, the

‘contacts MSTF and 2M? and the winding of the

odd relay. OC to battery. When energized over
the above-traced circuit, the odd relay OC op-
erates to complete, at the contacts OCI to OcCiI,
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inclusive, ‘the previously traced circuits for en-
ergizing the windings of the vertical magnets VM|

to VMI0, inclusive. Accordingly, at this ‘time,

the horizontal magnet HM$ and the vertical mag-
nets VMI to VMI10, inclusive, occupy - their ‘op-

erated positions, thereby to cause the 10 contact

sets associated therewith to be operated. In the
present example, the calling subscriber line 250
is included in the ninth 100 group. Accordingly,
the test relay RI330 is not operated as the pre-
viously traced test circuit is not completed at
this time, - _ :

Subsgquently, the first relay ISC restores and
the second relay 2SC operates in the code storing
device 70SC. Upon operating, the second relay
2SC completes, at the contacts 2SC2, an obvious
alternative circuit for energizing the horizontal
magnet HM6 and completes, at the contacts

-28C3, a circuit for energizing the winding of the
even relay EC, this circuit extending from ground

by way of the contacts 1321, CI381, C1482, the

“contacts 2SC3, the even conductor in the cable

1161, the contacts MSEF and 2M6 and the wind-
ing of EC to battery. When energized over the
above-traced circuit, the even relay EC operates
to complete, at the contacts ECI to ECI0. in-
clusive, the previously traced circuits for ener-
gizing the windings of the magnets VMIif to

© VM20, inclusive. At this time, the horizontal
magnet HMG6 and the vertical magnets VMII to -

VM20, inclusive, occupy their operated positions,
thereby to.operate the ten contact sets associated
therewith. - As previously noted, the calling sub-
scriber line 280 'is terminated in the ninth 100

group at the originating exchange 50. Hence,

the test relay R1330 is not operated at this time.
In view of the foregoing description, it will be

-understood that, when the third and fourth SC
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ing of the selecting relay CK, thereby to cadse B
the relay CK to restore, and completes, at the
contacts CL4, a. circuit for energizing the wiad-
ing of the selecting relay DK. This circuit ex-
fends from ground by way of the contacts 1325,
MLS, CL4 and DLS, CI316, and the winding of

" DK to battery. When energized over the above-

10

traced circuit, the selecting relay DK operates to’
condition the counting relay network 1200 to ap-
ply ground potential sequentially to the third
conductors in the cables 1201 to 1210, inclusive.
Also, upon operating, the locking relay CL com-
pletes, at the contacts CLI, an obvious circuit for
energizing the winding of the relay CS, thereby to

5 cause the last-mentioned relay to operate and

interrupt, at the contacts CSIB to CSi0B, in-
clusive, the previously traced cireuits for energiz-
ing-the windings of the vertical magnets VM| to
VMI9, inclusive, whereupon the vertical magnets
VMI to VMIS, inclusive, restore to interrupt the ,
previously traced test circuit, - whereby -the test
relay R1330 restores to initiate further operation
of the counting relay network 1200. -

The detector 10 then operates to determine the
particular 10 group of lines in the previously de-
termined (00 group of lines terminating at the

. originating exchange 50 which includes the call-
-ing subscriber line 250. More particularly, the

SD relays in the code storing device T0SD oper-
ate sequentially, thereby to sequentially compiete
circuits for energizinig the windings of the ver-

- tical magnets VMI to VMIY, inclusive, of the .

first crossbar switch 100f. Specifically; when the
first 8D relay operates, a circuit is completed for
energizing the vertical magnet VMI, this circuit
extending from ground by way of the contacts
1321, CI381, CI1434, the contacts controlled by

- the first SD relay, the first conductor in the cable

relays are operated, the horizontal magnet HMT

will be operated; when the fifth and sixth SC

relays are opérated, the horizontal magnet HMS

will be operated; when the seventh and elghth SC
relays are operated, the horizontal magnet HM9
will be operated; and when the ninth and tenth

£C relays are operated, the horizontal magnet

HMI0 will ke operated. Furthermore, when the

third, fifth, seventh and ninth SC relays are op-.
erated, the OC relay.will be operated;-and when "
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1104, CSIF, OCI, the first conductor in the cable
1042 and the winding of VMI to battery. Upon .

- operating, the vertical magnet VM! cperates the-

particular contact set individually associated
with the horizontal and vertical operating bars
respectively associated with the horizontal mag-

, net HMI0 and the vertical magnet VMI. As pre-

viously noted, the calling subscriber line 250 is '

.included in the second: 18 line group. Accord-

the fourth, sixth, eighth and.tenth SC relays are - -

operated, the-even relay EC will be operated.

Accordingly, in the present example, when the -

relay 9SC ‘is operated, the horizontal magnet:

HMI0 and the vertical magnets VMI to VM1, in-

" ingly, the previously traced .test circuit is not

completed at this time. When the second 8D re-
Iay in the code storing device 10SD operates, a
circuit similar to that previously traced is com-

- pleted for energizing the winding of the vertical °

clusive, will be operated; and the previously -

traced test circuit will be completed, whereupon

the test relay RI330 will operate. Upon operat--

ing, the test relay R1330 resets the counting re-
lay network 1200, as previously explained, and
completes a holding circuit for energizing the
winding of the locking relay CL in series with
the winding of the relay 9SC in the code storing
device 10SC. The last-mentioned circuit extends
from ground, at the contacts 132f; by way of
CI1370, the contacts 1332, CI371, the contacts
ML3 and CL2, the winding of CL, Ci415 and the
contacts and winding 6f 9SC to battery. The op-
erated relay 9SC retains the. horizontal magnet
HMI0 and the odd relay OC in their operated po-
sitions at this time. Upon operating. the locking
relay CL completes, at the contacts CL4’, an ob-
vious holding circuit for energizing the winding

magnet  VM2. When the horizontal magnet: .
HMi8# and the vertical magnet VM2 are operated,
the set of contact springs illustrated is operated,
whereupon -the previously traced test circuit is
completed, and the test relay R1330 operates in -

- order to reset the counting relay network 1200, as
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thereof in series with the operated relay 9SC in -

- the code storing device 10SC. Further. the Jock-

ing relay CL interrupts, at the contacts CLS, the
previously traced circuit for energizing the wind-

‘previously explained. At this time, a holding cir-~

cuit is completed for energizing the winding of
the locking relay DL in series with the second
SD relay in. the code storing device 70SD, this
circuit extending from ground by way of the
contacts {322 and DIA4’, the winding cf DL,
C1416, the contacts controlled by the second SD
relay and the winding of the second SD relay to
battery. The operated seccnd SD relay in the
code storing device 708D  retains the vertical
magnet VM2 in its operated position at. th's
time.

Upon. operating, the locking relay DL infer- -
rupts, at the contacts DLS, the previously traced . -
circuit for energizing the winding of the select-

ing relay DK and completes, at the contacts DL4,

a circuit for energizing the winding of the se-
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lecting relay UK, The last-mentioned circuit
extends from ground by way of the contacts 1328,
MLS, CI4 and DLA4, CI3T1 and the winding of
UK to battery. When energized over the above-
traced circuit, the selecting relay UK operates to
prepare, at the contacts UK to UKI0, inclusive,
paths for causing the counting relay network
1200 to apply ground potential sequentially to
the fourth conductors in the cables 1201 to 1240,
inclusive. Also, upon operating, the locking re-
lay DL prepares, at the contacts DL3, a circuit
traced hereinafter for energizing the winding of
the locking relay UL in series with an operated
one of the SU relays in the code storing device
708U, and completes, at the contacts DLI, an
obvious circuit for energizing the winding of the
relay DS, thereby to cause the relay DS to oper-
ate. Upon operating, the relay DS interrupts,
at the contacts DSl to DSIS, inclusive, the con-
nection between the ten conductors in the cable
1811 and the conductor Ci1{3, thereby to inter-
rupt the previously traced test circuit. When
the previously traced test circuit is interrupted,
the test relay RI330 restores in order to initiate
" further operation of the counting relay network
1200. ' '

The detector 70 then operates to determine the
particular line in the previously determined 13
group of lines terminating at the originating ex-
change 50 which is the calling subscriber line 250.
More particularly, the SU relays in the code stor-
ing device .10SU begin to operate sequentially,
thereby to test the individual pairs of contact
" springs illustrated to determine the particular
pair of contact springs terminating the conductor
C254 extending to the control conductor C253 of
" the calling subscriber line 250 and included in

the previously traced: test circuit. More specifi-.

cally, when the first SU relay in the code storing
device 70SU operates, the previously traced test
circuit is completed, this test circuit extending
by way of the previously traced path to the cor-
ductor C1113, and therefrom by way of the con-
ductor C1420, the contacts associated with the
first SU relay in the code storing device 708U,
the first conductor in the cable (105, the first
conductor in the cable (011, the condenser 1021,
and the first pair of switch springs St in the con-
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tact set illustrated to the conductor C254, and -

. therefrom by way of the previously traced path
to the control conductor C253 of the calling sub-
scriber line 250. When this test circuit is com-
pleted, the test relay R1330 operates, as previ-
ously. explained, thereby. to reset the counting
relay network §200, whereupon a holding circuit
is completed for energizing the winding-of the
first SU relay in the.code storing device 708U In
series with the locking relay UL. The last-men-
tioned circuit extends from ground by way of the
contacts 1322, UL3, the winding of UL, C1411, the
contacts controlled by the first SU relay and th
winding of the SU relay to battery. :
At this time, the detector 78 has operated to
determine the directory number of the calling
subscriber line 250 terminating at the originating
exchange 59, the directory number of the calling
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subseriber line 250 being 2921, as previously not- -

_ed. This directory number of the calling sub-

scriber line 250 terminating at the originating

exchange 50 is determined by the operated po-
sitions of the second SM .relay in the 1000 code
storing device 70SM, the ninth SC relay in the
100 code storing device 70SC, the second SD re-
1ay in the 10 code storing device 70SD, and the

Arst SU relay in the unit code storing device 75
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70SU. In a similar manner, the detector 1§ oper- -
ates to- determine the directory number of the
calling  subscriber line 280 terminating at the
originating exchange 59, and corresponding re-
lays in the code storing devices TISM, TISC, TI8D
and 71SU in the detector Tl should be operated
at this time.

1n the event both of the detectors 70 and 11
operate and determine that the calling subscriber
line 250 terminating at the originating exchange
50 has the same directory number—in other
words, both of the detectors 10 and TI check
with each other concerning the directory num-
ber of the calling subscriber line 260—a chain
circuit is completed for operating the check re-
lay RI1360 upon operation of the locking relay
UL. This chain:circuit extends from ground by
way of the contact ULI, C1382, the contacts con-
trolied by the second SM relay in the code stor-
ing device 70SM, the second conductor in the.
cable 1440, the contacts controlled by the second
SM relay in the code storing device Ti8M, the
conductor Cl441, the contacts controlled by the
ninth SC relay in the code storing device TISC,
the ninth conductor in the cable (442, the con-
tacts controlled by the ninth SC relay in the code
storing  device 70SC, the conductor CI443, the

-contacts controlled by the second SD relay in the

code storing device 70SD, the second conductor
in the cable 1444, the contacts controlled by the
second SD relay in the code storing device T48D,
the conductor CI1445, contacts controlled by the
first SU relay in the code storing device 7 ISU, the
first conductor in the.cable 1446, contacts con-
trolled by the first SU relay in the code storing
device 10SU, C1418 and the winding of the check
relay R1360 to battery. When the above-traced
chain eircuit is completed, the check relay RI360
operates' to interrupt, at the contacts 1363, »
point in a circuit traced hereinafter for energlz-
ing the winding of the alarm relay RI340.

. In the event that the detectors 70 and Ti fail
to check with each other concerning the directory
number of the calling subscriber line 250 termi-
nating at the originating exchange 50, the above-
traced chain circuit for energizing the winding
of the check relay RI380 is not completed. and
the check relay R1360 does not operate. Further-
more, in the last-mentioned event, upon Opera-
tion of the locking relay UL in thee detector 18
and the locking relay T1UL in the detector 14,.the.
previously mentioned circuit for energizing the
winding of the alarm relay R{340 is completed.

The last-mentioned circuit extends from ground

in the .detector 11, by way of the contacts TIUL!
of the locking relay TIUL in the detector I,

C14189, the contacts 1363, the winding of the alarm

relay. R1340 and the contacts UL4 of the locking

relay UL in the detector 10 to battery. In the

event the above-traced circuit is completed, the

‘alarm relay RI1340 operates to complete, at the

contacts 1341, an obvious circuit for energizing
the winding of the alarm device A1300, thereby
to cause operation of the alarm device A1300 in
order to indicate to the attendant at the origi-
nating exchange 50 that the detectors 70 and
71 have failed to check with each other concern-
ing the directory number of a calling subscriber
line terminating at the originating exchange #. .
Furthermore, it is noted that the operated sec-
ond relay 28M in the code storing device 70SM
completes, at the contacts 2SM| and 2SM2, obvi-

-ous paths for applying ground potential to the W

and Y leads in the first group of marking leads
1851 included in the cable 1855 extending into
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the converter 66, thereby to mark with code the
1000 digit of the directory number of the call-
ing subscriber line 250 terminating at the origi-
nating exchange 50, this code corresponding to
the digit 2, as previously explained. This mark-
ing circuit extends from ground by way of the
contacts 1361, C1318 to the conductor CI410,
from the conductor CI1410 by way of the contacts
25M{ to the W lead in the first group of mark-
ing leads 1451, and from the conductor Ci410 by
way of the contacts 2SM2 to the Y lead in the
first group of marking leads 1451. In a similar
manner, the operated ninth SC relay in the code
" storing device 10SC marks the WXYZ leads in
the second group of marking leads 1452 with
ground potential; the second SD relay in the
code storing device 10SD marks the WXYZ leads
in the third group of marking leads 1453 with
ground potential; and the first SU relay in the
code storing device T0SU marks the WXYZ leads
in the fourth group of marking leads 1454 with
ground potential. It is noted that the WXYZ
leads in the first, second, third and fourth or
1000, 100, 10 and unit groups of marking leads
1454, 1452, 1453 and 1454, respectively, are
marked with ground potential only in the event
that the check relay R1360 operates, which check
relay operates only in the event the detectors 70
and 11 check with each-other concerning the di-
rectory number of the calling subscriber line 250
terminating at the originating exchange 50. .
PFinally, upon operating, the check relay R1360
completes, at the contacts 1362, the circuit for
energizing the upper winding of the cut-off relay
R1730 in the converter 66, thereby to cause oper-
ation of the cut-off relay RIi730. This circuit
extends from ground, at the contacts
C1108, the upper winding of RI730 and the con-
tacts 1743 to battery. v

Operation of the converter

The operation of the check relay R{360 in the
detector 10 to mark the WXYZ leads in the first,
second, third and fourth groups of marking
leads included in the cable 1455 causes operation
of the corresponding WXYZ relays in the fifth,
sixth, seventh and eighth code storing devices
SI1705 to S1708, inclusive, in the converter 686.
For example, the application of ground potential
to the W and Y leads in the first group of mark-
ing leads 1451 completes circuits for energizing
the W and Y relays 5W and 5Y, respectively, in
the fifth code storing device S1705 in the con-

verter 66. The circuit for energizing the relay .

5W extends from ground potential appearing
upon the W lead in the first group of marking
leads. 1451, by way of the contacts 1706, the
switching relay R1705 being operated at this
time, and the winding of the relay 5W to battery.
Upon operating, the relay W completes, at the
contacts 5WI, a holding circuit for energizing
the winding thereof, this circuit extending from
ground by way of the contacts (715, Ci1726, C158,
the contacts 5W1 and the winding of 5W to bat-
tery.  From the above description, it will be un-

derstood that the fifth, sixth, seventh and-eighth .

code storing devices S1105, S1706, S17107 and

S1708 in the converter 66 are operated at this -
- time, respectively, to store in code the 1000, 100,

10 and unit digits of the directory number of the
calling subscriber line 250 terminating at the
originating exchange 50. _ v
Upon operating, the cut-off relay R1730 in the
converter 66 completes, at the contacts 1734, a
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thereof, this eircuit extending from ground by .
way of the contacts 1713 and 1734, and the lower
winding of RI1730 to battery. Also, upon oper-
ating, the cut-off relay RI730 interrupts, at the

3 contacts 17132, the previously traced path for ap-

. plying ground potential to the start conductor
C1109, thereby to interrupt the previously traced
circuit for energizing the start relay RI350 in
the detector 70, whereupon the start relay RI1350

10 restores.- ‘Also, upon operating, the cut-off relay

RI1730 interrupts, at the contacts 1731, the pre-
viously traced circuit for energizing the winding
of the test relay RI740 in the converter 66 in
series with the test relay R1320 in the detector

t6 10, whereupon the test relays R1740 and R1820

restore. Upon restoring, the test relay RI1320
interrupts at the contacts 1325, the previously
traced circuit for energizing the selecting relay
UK, thereby to cause the last-mentioned relay

20 to restore. Further, the test relay R1320 inter--

_rupts, at the contacts 1321, the previously traced
circuit for energizing the relay 2M and the odd
relay OC in the crossbar switch control network
1100, thereby to cause these relays to restore.

18 -‘Upon restoring, the relay 2M interrupts the pre-

viously traced circuit for energizing the winding
of the horizontal magnet HMI0 of the first cross-
bar switch 1001; and upon restoring the odd re-
lay OC interrupts the previously traced circuit

10 for energizing the winding of the vertical mag-

net VM2 of the first crossbhar switch 1001; where-
upon the horizontal magnet HMI0 and the verti-
cal magnet VM2 restore in order to return the
first crossbar switch 1001 to its normal position.

15 Further, the fest relay Ri320 interrupts, at the

contacts 1322, the previously traced circuit for
energizing the winding of the locking relay ML
in series with the winding of the second SM relay
in the code storing device 10SM, the circuit for

40 energizing the winding of the locking relay CL-

in series with the winding of the ninth SC relay
din the code storing device 1T0SC, the circuit for
energizing the winding of the locking relay DL
in series with the second SD relay in the code

15 storing device T10SD and the circuit for energizing

‘the winding of the locking relay UL in series with -
the first SU relay in the code. storing device
10SU; whereupon the locking relays ML, CL,.DL
and UL, the second SM relay, the ninth SC relay,

50 the.second SD relay and the first SU relay re-

store, Also, the test relay R1320 interrupts, at
- the contacts 1324, the previously traced circuit
for energizing the primary winding 1356. of the
transformer (355 with 2000 cycle alternating cur-

55-Tent from the generator 1352, and interrupts at

the contacts 1321, the previously traced circuit
for energizing the winding of the reset relay
R1300, thereby to cause the reset relay R1300 to
restore shortly thereafter. Upon restoring, the
locking relay ML interrupts, at the contacts MLf,
the previously traced circuit for energizing the
winding of the relay MS in order to cause the

. relay MS to restore; upon’restoring, the locking
. rc_alay CL interrupts, at the contacts CLl, the pre-
g5 Viously traced circuit for energizing the winding

-of the relay CS in order to cause the relay CS
to restore; upon restoring, the locking relay DL
interrupts, at the contacts DLi, the previously
traced circuit for energizing the winding of the

70 relay DS in order to cause the relay DS to re-

store; and, upon restoring, the locking relay UL
interrupts, at the contacts ULI, the previously
traced circuit for energizing the winding of the

- check relay R1360 in order to cause the check

‘holding circuit for energizing the lower winding 75 ljelay RI360 to restore. Upon restoring, the
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check relay RI360 interrupts, at the contacts
1381, the previously traced marking circuits for
the WXYZ leads in the groups of marking leads
included in the cable 1455. At this time, the
detector 10 is completely released. Furthermore,
it will be understood that the detector Tl is
simultaneously released with the detector 10, and
in a similar -manner. The detectors 70 and Tl
are completely released at this time and avail-
able to the use of other calling subscriber lines
terminating at the originating exchange 50.

At this point, it is noted that, when the rotary
switch - MIT70 in the converter 66 is operated away
from its normal position to convert the fourth
or unit digit of the directory number of the called
subscriber line 2200 into WXYZ code to be stored
in the fourth code storing device Si604 in the
repeater 65, in the previously described manner,
the wiper 171715 thereof engages the contacts in

the associated contact bank included in the mul- 2

tiple 1776, wheretpon a circuit is completed for
energizing the winding of the magnet M1781 of
the rotary switch Si780. The last-mentioned
circuit extends from ground by way of the wiper

1115 and the engaged contact in the associated »

contact bank of the rotary switch MIT10, the
multiple 1776 and the winding of Mi781 to bat-
tery. When energized over the above-traced cir-
cuit, the magnet MI781 operates to condition
the wipers 1783, 1184, 1785, 1186, 1187 and 1788
of the rotary switch S1780 to be driven one step
in the clockwise direction. Subsequently, afier
the fourth or unit digit of the directory number
of the called subscriber line 2200 has been trans-
mitted in code from the converter 66 to-the
fourth code storing device S1604 in the repeater
65, the rotary switch Ni110 is returned back to

§
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MI781 operates and restores intermittently to
drive the wipers noted of the rotary switch S1788
step by step in a clockwise direction. Also, each
time the impulse relay RIT48 operates, it com-
pletes, at the contacts 1744, an alternative cir-
cuit for energizing the winding of the magnet

- MI68I of the rotary switch S1680, this circuit

15
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its normal rotary position, as previously ex- .

plained, whereupon the wiper {115 thereof dis-
engages the last contact in the associated contact
bank included in the multiple 1716, whereupon
the previously traced circuit for energizing the
winding of the magnet MI181 of the rotary switch
S1780 is interrupted. The magnet MIT8! then
restores to drive the wipers noted of the rotary
switch Si780 one step in the clockwise direction.
At this time, the wiper 1787 of the rotary switch
S1780 engages the first contact in the associated
contact bank, thereby to complete a circuit for
energizing the lower winding of the impulse re-
lay R1745 when the rotary switch RI1790 is Te-
turned back to its normal rotary position, as
previously explained. The last-mentioneq cir-
cuit exfends from ground by way of the wiper
1794 of the rotary switch R17190, the engaged first
contact in the associated contact bank, the wiper
{187 of the rotary switch S1780 and the engaged
second contact in the associated contact bank,the
contact 1746 and the lower winding of R1745 to bat-
tery. When energized over the above-traced cir-
cuit, the impulse relay R1745 operates to interrupt,
at the contacts 1746, the previously traced circuit
for energizing the lower winding thereof, where-
upon the impulse relay R1145 restores to recom-~
plete, at the contacts 1746, the previously traced
circuit for energizing the lower winding thereof.
Accordingly, the impulse relay RI7145 operates
intermittently, Each time the impulse. relay.
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RI1145 operates, it completes, at the contacts 1745,

an obvious circuit for. energizing the winding of
the magnet MI181 of the rotary switch S1780;
-and. each time the impulse relay RI1745 restores
. it interrupts, at the contacts 1745, the previously
mentioned circuit for energizing the winding of
the magnet MI781, Accordingly, the magnet

75

extending from ground by way of the contacts
1744, C1703, the wiper 1696 and engaged first
contact in the associated contact bank of the
rotary switch ¥1690, the contacts 1665 and the
winding of M168f to battery. When the impulse
relay RIT45 restores it interrupts, at the con-
tacts 1744, the previously traced circuit for en-
ergizing the winding of the magnet M1680 of the
rotary switch S1689. Accordingly, it will be un-
derstood that the intermittent operation of the
relay RIT45 causes the rotary switch S$1780 in
the converter 66 and the rotary switch S1880
in the repeater 85 to be operated in synchronism.
At this point, it is noted that, at the conclusion
of the fourth digit of the directory number of
the called subscriber line 2200, the wipers 1783,
(784, 1785 and 1786 of the rotary switch SI1780
engage the second contacts in the associated con-
tact banks; while the wipers 1685, 1686, 1687 and
1688 of the rotary switch S1680 in the repeater
65 engage the fifth contacts in the associated
contact banks. Thus, it will be understood that,
at the conclusion of the fourth digit of the di-
rectory number of the called subscriber line 2200,
the first code storing device S1701 in the con-
verter 66 is connected to the fifth code storing
device S1605 in the repeater 65. For example,
in the event that the IW relay in the first code
storing device SI1101 in the converter 86 is oper-
ated at this time, a circuit is completed for ener-
gizing the corresponding SW relay in the fifth
code storing device S1605 in the repeater 65. The
last-mentioned circuit extends from ground, in
the converter 66, by way of the contacts 1715,
C1126, the contacts 1WI, CI51, the wiper 1783
and engaged second contact in the associated
contact bank of the rotary switch S1780, the W
lead in the cable 1700, the wiper 1697 and en-
gaged first contact in the associated contact bank
of the rotary switch F1690, the contacts 1666 and
1671, the wiper 1685 and engaged fifth contact
in the associated contact bank of the rotary
switch S1680 and the winding of the 5W relay
in the fifth code storing device SI1605 in the re-
peater 65 to battery. Accordingly, the WXYZ.
relays in the fifth code storing device S1605 in
the repeater 65 are operated in accordance with
the operation of the WXYZ relays in the first
code storing device SI1701 in the converter 66, at
this time.

In view of the foregoing description of the. .
manner in which the code registered in the first
code storing device SI701 in the converter 66
is transferred to the fifth code storing “device
S1605 in the repeater 65, it will be understood
that the codes stored in the registers Si 702, S1103
and S1704 in the converter 66 will be successively
transferred to the code storing devices SI1608,
S1607 and S1608, respectively, in the repeater 65:
while the rotary switch S1780 in the converter 66
and the rotary switch S1680 in the repeater 5
are operated in synchronism incident to the oper-
:gion of the impulse relay R1745 in the converter

After the code stored in the fourth code stor-
ing device SI704 in the converter 66 has been
transferred to the code storing device S1608 in
the repeater 65,the wiper 1787 of the rotary switch
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51780 in thé converter 66 disengages the fifth con-
“tact in the associated contact bank which is in-
cluded in the multiple connected to the conductor

terminated by the first contact in the contact .

bank associated with the wiper 1194 of the rotary
switch R1790. Accordingly, when the wiper 1187
- of the rotary switch S1780 disengages the fifth
contact in the associated contact bank and en-
gages the sixth contact in the associated con-
tact. bank, the previously traced circuit for ener-
gizing the lower winding of the impul-g relay

39

~ contacts 1645 and IGSS and the windmg of R1680

" at, the. contacts 167l

10

RI1145 from ground by way of the wiper 1794 - -

"-of the rotary switch R1790 is interrupted; and
an alterndtive circuit is prepared for energizing
the lower winding of the impulse relay R1745
from ground, at the contact 1135 of the cut-off
-relay RI730. Accordingly, when the cut~-off relay

R1130 operates it completeés, at the contacts 1735, -

15

the previously mentioned alternative circuit for .

- energizing the winding of the impulse relay.

. RIT148, this circuit extending from ground by way

20

of the contacts 1135, the wiper 1787 and engaged

sixth contact in the associated contact bank, the
contacts 1746 and the lower winding of R1745 to
battery. Hence, the impulse relay RI745 again
operates intermittently in order to cause the ro-
- tary switch S1780 in the converter 66 and the
rotary switch S1680 in the repeater 65 to oper-
ate further in synchrenism. At this time, the
wipers 1783, 1184, 1185 and 1786 of the rotary
switch Si7180 engage the sixth contacts in the
associated contact banks extending to the fifth
code storing device S1705 in the converter 66;
while the wipers 1685, 1686, 1687 and {688 of

the rotary switch S1680 in the repeater 65 engage :

the ninth contacts in the associated contact
banks extending to the ninth code storing device
S1609 in the repeater 65. Accordingly, the code
stored in the fifth code storing device S1705 in
the converter 66 is transferred to the ninth code
storing device S1609 in the repeater 68, in the
previcusly described manner. Subsequently, as
the rotary switch S1780 in the converter 66 and
the rotary switch S(680 in the repeater 65 oper-
ate in synchronism, the codes stored in the sixth,
seventh and eighth code storing devices SI706,
S1707T and S1708, respectively, in the converter
66 are transferred to the tenth, eleventh and
twelfth code storing devices SISIO SISH and
S1612 in the repeater 65.

After the code in the eighth code stormg device

S1708 in the converter 66 has been transferred
to the twelfth code storing device SI1612 in the
repeater 65, the wiper 1787 of the rotary switch
S1180 disengages the last contac: in the asso-
" ciated contact bank included in the multiple
connected to ground by way of the contact 1135
of the cut-off relay RI1130, thereby to arrest fur-
ther operation of the impulse relay R1745. When
the impulse relay R1145 restores at this time, the
wipers noted of the rotary switch S1680 in the
repeater 65 are driven into engagement with the
thirteenth contacts in the associated contact
banks.. When the wiper {689 of the rotary switch
S1680 engages the thirteenth contact in the asso-
ciated contact bank, a circuit is completed for
energizing the winding of the relay R1{650, this
circuit extending from ground by way of the con-
tacts 1645, the wiper 1689, the engaged thirteenth
contact in the associated contact bank, and the
" winding of R1650 to ba:itery. "When energized
over the above-traced circuit, the relay R1650
operates to complete, at the contacts 1656, a hold-
ing circuit for energizing the winding thereof

this circuit extending from ground by way of the 75
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to battery. Also, upon operating, the relay R1650 .
interrupts, at the contacts 1655, the previously -

‘traced circuit for energizing the winding of the

switching relay RI610, thereby to cause. the
switching relay RI610 to restore and interrupt,

1672, 1673 .and (614, the.
previously traced connections between the wipers
1685, 1686, 1687 and 1688 of the rotary switch
S1680, and the wipers 1697, 1698, 1699 and 1691

of the rotary switch F1690. Further, the relay
R 1650 interrupts, at the contacts 1651, the previ-
ously traced holding circuit for energizing the
lower winding of the test relay R1620, and inter-

rupts, at the contacts 1658, the previously traced
holding circuit for energizing the upper winding
of the test relay R1620 in series with the winding

. of the control relay R1720, thereby to, cause the

test relay Rl620 and the control relay RIT20 to

-restore,

Fu.rthermore, upon operating, the relay R!ESO
completes, at the contacts 1657, a circuit for en-

ergizing the winding of the magnet M1681 of the - -

rotary switch S1680, this circuit extending from .
ground by way of the contacts (643 and 1632,
C131, the contacts i657, the wiper 1684 and en-
gaged contact in the associated contact bank of
the rotary switch S1680, the contacts 1682 and
the winding of M1681 to battery. When ener-
gized over the above-traced-circuit, the magnet
M1681 operates to interrupt, at the contact §682,
the previously traced circuit for energizing the
winding thereof, whereupon the magnet MI681
restores to recomplete, at the contacts 1682, the

: breviously traced circuit for energizing the wind-

ing thereof. Accordingly, the magnet MI681
operates incermittently, thereby to drive the wip-
ers noted of the rotary switch S1680 step by step .
in the clockwise direction until the wiper 1684
disengages the last contact in the associated
contact bank of the rotary switch S1680, where-
upon the previously traced circuit for enerﬂizing

~ the wmdmg of the magnet M1681 is interrupted
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and further operation of the magnet MI168I is
arrested. At this time, the wipers noted of the
rotary switch Si680 engage the first contacts in
the associated contact banks.

Upon restoring, the control relay R1729 inter-
rup:s, at the contacts 1725, the previously men-
tioned circuit for energizing the winding of the
control relay RI710, thereby to cause the relay
RITI0 to restore, Upon restoring, the relay
RIT10 interrupts, at the contacts 1713, the previ-
ously traced circuit for energizing the lower
winding of the cut-off relay Ri730, thereby to
cause the cut-off relay R1730 to restore. Further,
the relay RI710 completes, at the contacts 1714,
an alternative circuit for energizing the winding
of the magnet M1781 of the rotary switch S1788.
The last-mentioned circuit extends from ground
by way of the wiper 1788 of the rotary switch
S1180 and engaged contact in the. associated con-
tact bank, the contacts 1714, 17182 and the wind- -
ing of MIi181 to baitery. - When energized over -

.the above-traced circuit, the magnet MI{1181
_operates to interrupt, at the contacts 1782, the
‘previously traced alternative circuit for energiz-

ing the winding thereof, thereby to cause the

‘magnet M{7181 to restore and recomplete, at the

contacts 1782, the previously traced alternative
circuit for energizing the winding thereof. Ac-
cordingly, the magnet M1781 operates intermit-
tently to drive the wipers noted of the rotary
switch SI1780 step by step in the clockwise di-

, regtip_n b_ack into their normal rotary positions,
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wherein the wiper 1788 disengages the last con-
tact in the associated contact bank included in
the previously traced circuit for energizing the
winding of the magnet Mi18(, Finally, the relay
RIT10 interrupts, at the coritacts 1715, the previ-
ously traced holding circuits for energizing the

windings of the WXYZ relays in the first to.

eighth, inclusive, code storing devices SI70{ to
81708, inclusive, in the converter 66. At this
time, the converter 66 is completely released
and is available for further use. .

It is noted that, at this time, the four digits
of the directory number of the called subscriber
line 2200 are registered in code in the code stor-
ing devices S1601 to S1604, inclusive, respective-
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- to interrupt, at the. oontacts I512, the. previouslyv
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ly, in the repeater 65; the three letters identify- -

ing the terminating exchange 52 are registered
in code in the code storing devices SI1605 to

S1601, inclusive, respectively, in the repeater 65;
the rate factor applicable to a call between the
originating exchange 50 and the terminating ex-
change 52 is registered in code in the code stor-

ing device S1608 in the repeater 65§; while the.
four digits of the directory number of the calling

subscriber line 250 are registered in code in the
code storing devices S1609 to S1612, inclusive, re-
spectively, in the repeater 65.

Further operatzon of the repeater

" When the call is answered at the called sub-
scriber substation T2, the time start relay R1540
in the repeater 65 is operated on the reversal of
‘battery over the toll line 1555, as previously ex-
plained. Upon operating, the time . start relay
R1540 prepares, at the contacts 1541, a circuit
for energizing the winding of the timing relay
RI1545 by way of the impulsing conductor C1553.
It -is noted that a timing mechanism is associ-
ated with the impulsing conductor C1553 which
is operated to cause ground impulses to be ap-
plied to the impulsing conductor CI553 at a rate
of twelve impulses per minute. When the first
ground impulse is applied to the impulsing con-
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traced circuit for energizing the winding there-
of, therehy to cause the magnet M1571 to restore.
“When the magnet M{5§1f operates and restores,
the wipers 1513, 1575, 1518 and 1581 of the ro-
tary switch U578 are driven one step in the
clockwise direction, thereby to cause the wiper
{515 to disengage the first contact in. the associ-
ated contact bank and engage the second con-
tact therein, whereupon the previously traced
circuit for energizing the winding of the magnet
MIST{ of the rotary switch Ut570 is interrupted.
Also, when the wipers noted of the rotary switch

_UI570. are moved one step in the clockwise di-

rection away from their normal rotary positions,
the set of switch springs S1597 and S1598 are ac-
tuated into engagement. At this time, the wipers
(85718 and 1581 of the rotary switch UI570 engage
the second contacts in the associated contact
banks, thereby .to apply ground potential to the
W and Z leads in the group of marking. leads
included in the cable 1600. - At this point, it is
noted that the marked W and Z leads in the
group of marking leads included in the cable
1800 correspond in code.to the digit 3 in view of
the fact that the minimum charge time’ 1s threce
minutes.

“The rotary switch ‘TI560 continues to oper-
ate, as previously explaineq and, at the conclu-

sion of the first minute, the wiper 1564 thereof

engages the sixteenth contact in the assoclated
contact bank, thereby to complete & circuit for
energizing the upper winding of the.control re-
lay RI530, this circuit. extending from ground by

way of the wiper 1564 and engaged sixteenth con-

tact in the associated contact bank of the rotary
switch T1560, C1588, the contacts 1535 and the

- upper winding of R1530 to battery. When ener-
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ductor C1553, the previously mentioned circuit

for energizing the winding of the timing relay
R1545 is completed, this circuit extending from
ground by way of the impulsing conductor C1553,
the contacts 1541 and 1526 and the winding of
RI545 to battery. Each time the timing relay
R1545 is energized over the above-traced circuit,
it operates to complete at the contacts 1546, an
obvious circuit for energizing the winding of the
magnet M1561 of the rotary switch T1560, there-
by to cause the magnet MI561 to operate and
restore intermittently. Each time the magnet
MI1561 operates and restores, the wipers (563
and 1564 of the rotary switch T1560 are driven
one step in the counterclockwise direction. Ac-
" cordingly, the rotary switch TI560 is operated
twelve steps each minute. After the wiper 1564
of the rotary switch T1560 has been moved three
steps away from its normal rotary position cor-

responding to an elapse of approximately fifteen-

seconds, it engages the fourth contact of the as-
sociated contact bank, whereupon a circuit is
completed for energizing the winding of the mag-
net M1571 of the rotary switch U1§70. This cir-
.cuit extends from ground by way of the wiper
1564 of the rotary switch TI560, the engaged
fourth contact in the associated contact bank,
C1582, the wiper 1515 and engaged first contact
in the associated contact bank of the rotary
switch U570, the contacts 1572 and the winding
of MI511 to battery When energized over the
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above-traced circuit, the magnet MI571 operates 75

gized over the above-traced circuit, the relay
R1530 operates partially to prepare, at the con-
tacts 1831, a holding circuit for energizing the
lower and upper windings thereof in series after
the wiper 1564 of the rotary switch T1560 dis-
engages the sixteenth contact in the associated
contact bank. This holding circuit extends,
when completed, from ground by way of the con-
tacts 1644, C1603, the contact 1537, and the lower
and upper windmgs of the relay R1530 to battery.
When this holding circuit for energizing in series
the lower and upper windings of the relay Ri1530
is completed, the relay RI530 fully operates to
prepare, at the contacts 1536, a circuit traced
hereinafter for- energizing the winding of the
magnet MI§71 of the rotary switch U570,

The rotary switch TI560 continues to operate -
step by step every five seconds until the wiper
1564 thereof engages the last contact in the as-
sociated contact bank, whersupon the magnet
MI516 of the rotary switch T560 is energized to
cause the rotary switch T1560 to he driven one
step to its normal rotary position, which oceurs
at the lapse of the second minute. At the con-
clusion of the third minute, the wiper 1564 of the
rotary switch T1560 reengages the sixteenth con-
tact in the associated contact bank, whereupon a
circuit is completed for energizing the winding
of the magnet MIST( of the rotary switch U570,
this circuit extending from ground by way of the :
wiper 1564, the engaged sixteenth contact in the
associated contact bank of the rotary switch
T1560, C1588, the contacts {536, C1585, the mul-
tiple 1511, the wiper 1515 and engaged second
contact in the associated contact bank of the
rotary switch UI570; the- contactg 1512, and the
wmdmg of M 51I to battery The magnet MISTI -
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“utes of the duration of the. established connec-
tion between the calling subscriber substation T1

then operates to drive the wipers noted of the

rotary switch UI570 an additional step in the,

clockwise direction. Accordingly, at the begin-

ning of the fourth minute, the wipers noted of

_ the rotary switch U1510 engage the third con-
tacts in the associated contact bank.

The rotary switch TI580 continues to operate,

as prevlously explained and, when the wiper 1564
thereof engages the fourth contact in the asso-
ciated contact bank, an alternative circuitis com-
pleted for energizing the winding of the magnet
MI{8H of the rotary switch U1510. Tais circuit
extends from ground by way of the wiper 1564
and engaged fourth contact in the associated con-
tact bank of the rotary switch T1560, C1582, the
multiple 1576, the wiper 1515 and engaged third

10
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- contact in the associated contact bank of the .

_rotary switch UIE10, the countacts 1572 and the
- winding of MIb11 to battery. The magnet MI571
then operates to drive the wipers noted of the

20

"rotary- switch UI870 into- engagement with the

fourth contacts in the assoclated contact bank.
“. 'Thenceforth, each time the wiper 1564 engages

the fourth and sixteenth contacts in the asso-
ciated contact bank of the rotary switch T1560,
the magnet MIBTI of the rotary switch UIST0
“operates to drive the wipers noted of the rotary
switch Ui§710 an additional step in the clockwise
direction. After an elapse of nine minutes, the
magnet M(571 operates while the wiper 1578 en-
gages the eighth contact in the associated con-
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and the called subscriber substation TZ.
It is noted that the rotary switches DI598 and
TU1570 have an ultimate capacity of registering

_ninety-eight minutes, whereupon the wiper 1518

of the rotary switch U570 engages the eighth =

contact in the associated contact bank; and the
wiper 1593 of the rotary switch Dlssn engages
the tenth contact in the associated contact bank,
at which time a circuit is completed for energiz-
ing’the winding of the timing relay R1525. The
last-mentioned circuit extends from ground by
way of the wiper 1578 and the engaged eighth

‘econtact in the associated contact bank of the

rqtary switch’ U160, the winding of the timing
relay R1825, the contacts 1534, the wiper 1593,
and engaged tenth contact in the associated con-
tact bank of the rotary switch DI1590, CI1511, the
contacts 1§92 and the winding of MI591 to bat-

tery. Accordingly, in the event the established

connection between the calling subscriber sub-
station T1 and the called subscriber substation

w

T? is maintained for ninety-eight minutes, the

timing relay R1525 operates. Upon operating,
the timing relay R1525 completes, at the con-

- tacts 1821, an obvious circuit for applying ground

tact bank of the rotary switch U16§70, whereupon -

a circuit is completed, at the eontacts 1871, for
" energizing the winding of the magnet MI881 of
the rotary switch D18§98, this circuit extending
from ground by way of the wiper (578 and en-
gaged eighth contact in the associated contact
benk of the rotary switch UI$70, the contacts
1871 and the winding of Mi881 to battery. When
energized over the above-traced circuit, the mag-
net M1§9{ operates to condition the vripers 1593,
1598 and (898 of the rotary switch DI590 to be
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potential to the alarm conductor CI1686, thereby

.to cause, after a predetermined time interval an

alarm device in the originating exchange 58 to be
operated in order to indicate to the exchange at-
tendant that an established connection including
the repeater 6§ has been maintained for a time
interval greater than ninety-eight minutes.

In the present example, assuming that the
established connection between the calling sub-

. scriber substation T! and the called subscriber
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driven one step in the clockwise direction. Sub- -

sequently, when the magnet MI81{ restores, the
wiper 1818 disengages the eighth contact in the
associated contact bank of the rotary switch
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U810 and the previously traced circuil for ener- -

glzing the winding of the magnet M189i is inter-
rupted, thereby to cause the magnet MI591 to re-
store and drive the wipers noted of the rotary
switch D598 one step in the clockwise direction.
When the wipers 18985 and 1596 of the rotary
switch DI590 engage the first contacts in the
associated contact banks, obvious marking cir-
cuits are completed for marking with ground po-
tential the W and X leads in the group of mark-
ing leads included in the cable 1801, which mark-
ing of the WXYZ leads in the group of marking
leads included in the cable 180! corresponds in
code to the digit 1. .- ‘
. In view of the foregoing description, it will- be
understood that the rotary switch U570 oper-
ates step by step each minute to register the unit
minutes of the duration of the established con-
nection between the calling subscriber substation
T1 and the called subscriber substation T2; while
- the rotary switch DI888 operates steép by step

© . each ten minutes to register the 10 minutes of

the duration of the established -connection be-
-tween the calling subscriber substation T! and
the called subscriber substation T2, Thus; it will
be understood that, at any minute, there are
marked in code upon the WXYZ leads in the
groups of marking leads included in the cables
1680 and 1801, respectively, the unit and ten min-
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substation T2 is maintained for twelve minutes
and that, after the lapse of twelve minutes, the
subscriber at the calling subscriber substation T
replaces the receiver of the telephone instrument
thereat upon its associated switchhook, when
this is done the previously traced circuit for en-
ergizing in series the upper and lower windings
of the line relay R370 in the first code selector
switch 61 is interrupted, thereby to cause the
line relay R310 to restore. Upon restoring, the
line relay R378 interrupts, at the contact 371, the

‘previously traced circuit for energizing the wind-

ing of the control relay R418, thereby to cause
the relay R410 to restore., Upon restoring, the
relay R410 interrupts, at the contacts 413, the
previously traced circuit for energizing the wind-
ing of the hold relay R358. Shortly thereafter,
the hold relay R350 restores to interrupt, at the
contacts 351, the previously traced circuit for en-
ergizing the wiuding of the switch-through relay
R440 and to interrupt, at the contacts 352, the
previously traced circuit for energizing the wind-
ing of the control relay R450, thereby to cause the
control relay R450 to restore immediately and the

" switch-through relay RA40 to restore shortiy

thereafter, the switch-through relay R440 being
of the slow-to-release type. Upon restoring, the
control relay R410 interrupts, at the contacts 412,

the previously traced circuit for energizing the
upper winding of the control relay R420 in series -

with the right-hand winding of the control re-
lay R330, thereby to cause the relays R420 and
R330 to restore.

Upon restoring, the switch-through relay R44D
interrupts, at the -contacts 446, the .previously
traced path for applying ground potential to the
control conductor C263.of the trunk line 260,
thereby to interrupt the previously traced hola-
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relay R2(0 in series with the magnet M228 of the
rotary switch D228, thereby to cause the hold

' relay R210 fo restore. Upon restoring, the hold
relay R210 completes, at the contacts 2l5 an
alternative c¢ircuit for energizing the winding of
the magnet M228 of the rotary switch D228, this
circuit extending from ground by way of the

~wiper 223 and engaged contacts in the associated
contact bank of the rotary switch D228, the mul-
tiple 224, C241, the contacts 203, 215 and 229, and
the winding of M228 to battery. ‘When energized
over the above-traced circuit, the magnet M228
operates to interrupt, at the contacts 228, the pre-
viously traced circuif for energizing the winding
thereof, whereupon the magnet M228 restores to
recomplete, at the contacts 229, the previously
traced circuit for energizing the winding thereof.
Accordingly, the magnet M228 operates inter-
mittently to drive the wipers noted of the rotary
switch D220 step by step in the clockwise direc-
tion until the wiper 223 disengages the last con-
tact in the associated contact bank included in
the multiple 224, whereupon the previously traced
circuit for energizing the winding of the mag-
net M228 is interrupted, thereby to arrest further
operation of the magnet M228.. At this time, the
rotary switch D220 individually associated with
the calling subscnber line 250 occupies its nor-
‘mal position.

Also, upon restoring, the control relay RAS0
in the first code selector switch 6
the contacts 451, an alternative circuit for en-

" ergizing the rotary magnet M330 of the Strowger
mechanism 480, this circuit extending - from
ground by way of the contacts 434 and 400, Ci28,
the contacts 389, the- conductor .C303 in the
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- ing. circuit for energizing the winding of the hold - -line relay RI508 in the repeater 68, whereupon

the line relay RI506 restores to interrupt, at the
contacts 1507, the previously traced holding cir-
cuit for energizing the winding of the hold re-
lay R1500 in order to cause the hold relay RI1508
to restore. Also, when the Strowger mechanism
488 is returned to its normal position, the pre-
viously traced holding circuit for energizing the
lower winding of the switching relay R460 in
the first code selector switch 61 is interrupted,
thereby to cause the first code selector switch §f
to be released. ‘At this time, the first code se-
lector switch €1 is completely released and avail-

- able -for further use.

Upon restoring, the hold relay R1500 in the re-"~
peater 65 completes, at the contacts 1504, a cir-
cuit for energizing the winding of the relay RI§30. -
This circuit extends from ground by way ‘of the
contacts 1504, CI581, the set of switch springs
51598, C1613, the winding of RI1630 and the re-

- sistor 1629 to battery. When energized over the

above-fraced circuit, the relay RI1630 operates
to complete, at the contacts 1633, an obvious al-
ternative holding circuit for energizing the wind-
ing of the control relay RI1640, thereby to re-
tain the relay R1640 in its operated position. It
is noted that upon restoring, the hold relay R1560
interrupts, at the contact 1503, the previou.sly
traced original circuit for energizing the winding
of the control relay R1640.. However, the relay

- “R1I640 does not restore due to the fact that it.is

completes, at™
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. trunk line 900, the wiper 815 and engaged first .
contact -in the associated contact bank of the .

_selector hunting switch 62, the conductor C802
in the trunk line 980, the contacts 368, Cl23,
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the contacts 457, Ci24, the contacts 381, the set

of switch springs S316, the contacts 364 and the
winding of M390 to battery. When energized
over the above-traced circuit, the’ rotary magnet
M390 operates to interrupt, at the .contacts 391,
the previously traced alternative circuit for en-
ergizing the winding thereof, whereupon the ro-
tary magnet M390 restores to recomplete, at the
contacts 391, the previously traced alternative
circuit for energizing the winding thereof.- Ac-
cordingly, the rotary magnet M380 operates in-

-ing to the repeater 65.

of the slow-to-release type.. Further, the relay
RI1630 completes, at the contacts 163, a multiple
path for applying ground potentlal to the.con-
trol conductor C429-of the trunk line #26 extend-
“This multiple path ex-
tends from ground by way of the contacts 1631,
C1618 and the contacts 1501, to the control con-
ductor C#29 of the trunk. line 426. The pre-
viously mentioned path for applying ground po-
tential to the control conductor C429 of the trunk
Iine 426 extends from ground by way of the oper-
ated set of switch springs S1689 associated with

" the rotary switch S1680, C1614, and the contacts

50

termittently in order to drive the wiper carriage

of the Strowger mechanism 480 step by step in
- the rotary direction eleven steps away from its
- rotary - normal position, whereupon the wiper
carriage is returned to its normal vertical and
‘rotary positions. When the wiper carriage of
" the Strowger mechanism 480 is returned to its
normal vertical position, the set of switch springs
316 is actiated into’ disengagement, thereby to
interrupt the previously traced alternative cir-

cuit for energizing the winding of the rotary

magnet M390 in order to arrest further operation
thereof. Furthermore, when the wiper carriage
of the Strowger mechanism 480 is returned to
its normal vertical and rotary positions, the sets
.of switch springs S3713, S372, S400, S423, S424
and S425 are actuated, as previously explained.

When the Strowger mechanism 480 is returned
to its normal position, the first wiper set earried

by the wiper carriage thereof disengages. the

contact set in the associated contact bank termi-
nating the trunk line 426, thereby to interrupt
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.4801 to the control conductor C429 of the trunk

line 426. This application of ground potential
to the control conductor C429 of the trunk line
426 marks the repeater 65 as busy, at this time,

-to the first code selector switches having access
thereto.. Also, upon operating, the relay RI630

completes, at the contacts 1634, an obvious circuit
for applying ground potential. to the alarm con-
ductor C1586, thereby to initiate operation of the
alarm device at the originating exchange 50, in.
the event the relay R1630 remains in its oper-
ated position for a predeteremined time interval,

indicating: that the repeater 65 has not properly
released.

Also, upon operating, the relay R1630 com-
pletes, at the contacts 1635, an - alternative cir-

-cuit- for energizing the winding of the magnet

MIi691 of the rotary switch F1680, this circuit
extending from ground by way of the . contacts
1622, 1635, 1654, 1692-and the winding of M1631!
to battery. When energized over the .above-
traced circuit, the magnet M1691 operates to
interrupt, at the contacts 1692, the previously
traced alternative circuit for energizing the
winding thereof, whereupon the magnet M{691
restores to recomplete, at the contact 1692, the
prev;ously traced alternative circuit” for ‘ener-
gizing the' winding thereof.

- magnet MI681 operates intermittently, thereby

to drive the wipers noted of the rotary switch

-the previously traced circuit for emergizing the 75 F1690 step by step in the clockwise direction,

Accordingly, the
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At this point, it is noted vhal the set of switch
spring 816817 associated with ’he rotary switch
1690 is operated to retain the contacts 1618
thereof in engagement, while the wipers noted
of the rotary switch F{690 engage the first
twelve contacts in the associated contact banks;
and thereafter, when the wipers noted of the
rotary switch F1690 engage the thirteenth to

the twenty-fifth contacts in the associated con- -

tact banks, the set of switch springs S1617 op-
erate the contacts 1618 into disengagement and
. operate the contacts 1619 into engagement. Ac-
cordingly, the magnet M1691 drives the wipers
noted of the rotary switch Fi690 step by step
in the clockwise direction until the wipers noted
of the rotary switch Fi1690 engage the thirteenth
contacts in the associated contact banks, where-
upon & circuit is completed for testing the idle
or busy condition of the first printer controller
in the group of printer controllers accessible
to the rotary switch F1680. In the event the
first printer controller is busy, ground poten-
tial appears upon the control conductor thereof,
whereupon a path is completed by way of the
wiper 1693 and engaged contact in the associated
contact bank of the rotary switch F1690 for
short-circuiting the upper winding of the test
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relay RI628. Accordingly, the magnet Mi691 .

of the rotary switch Fi1690 continues to operate

to drive the wipers noted of the rotary switch :

F1690 step by step until the wiper 693 engages
a contact in the associated contact bank ter-
minating the control conductor of an idle one
of the printer controllers.

Assuming that the printer controller 87 is the

first idle printer controller in the group of
printer controllers accessible to the rotary
switch F 1690, when the wipers 1693 engages the
contact in the associated contact bank termi-
nating the control conductor C1807 of the trunk
‘line €800, a.circuit is completed for energizing
the upper winding of the test relay Ri1620. This
circuit extends from ground by way of the con-
tacts 1648 and 1658, the contacts 1619 of the
set of switch springs S1617, the upper winding
of RI620, CI30, the wiper 1693 and-engaged
contact in the associated contact bank of the

rotary switch F{690, the control conductor

C18817 of the trunk line 1800, C1857 and the con-
tacts 2052 to the conductor CI858; one branch
of this circuit extending from CI1858 by way of
the winding of the hold relay Ri810 in the
printer controller 67 to battery, and the other
branch of this circuit extending from the con-
ductor CI858 by way of the contact 1816 and

the resistor 1838 to battery in the printer. con-.

troller - 67. When energized over the above-
traced circuit, the test relay R1620 in the re-
peater 65 operates to interrupt, at the contact
1622, the previously traced alternative circuit
for energizing the magnet M1691 of the rotary
switch F1690, thereby to arrest further opera-
tion of the rotary switch Fi690 at this time.
- Also, upon operating, the test relay R1620 in-
terrupts, at the contact 1623, the previously
mentioned path for short-circuiting the lower
winding thereof, thereby to compleie an -alter-
native holding circuit for energizing the wind-
ing - thereof, this alternative holding circuit ex-

tending from ground by way of the contacts
i647, the lower winding of -

- 1636, 1652 and
RI828 and the resistor 1616 to battery. Also,
upon operating, the test relay R1620 completes,
at the contacts (621, a low resistance circuit

< tor energizing the winding of the hold relay
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.minute of the hour. -
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RI810 in the printer controller 61, this circuit
extending from \direct ground potential appear-

“ing upon the control conductor C428 of the trunk

line 426, by way of CI615, the contact 1621, -
Ci30, the wiper 1693 and engaged contact in
the associated contact bank of the rotary
switch F1680, the control conductor Ci807 of
the trunk line 1800, CI1867, the contacts 2052,
C1858 and the winding of RI810 to battery
When energized over the above-traced -circuit,
the hold relay RI810 in the printer controller
67 operates. Also, upon operating, the test re-
lay R1620 in the repeater 85 completes, at the
contacts 1624, the previously mentioned circuit
for energizing the winding off the switching re-
lay RI660, thereby to cause the switching re-

- lay RI1660 to operate,

Operation of the prznter controller

Upon operating, the mold relay R18§0 initiates .
operation of the printer controller 61. More
particularly, the hold relay Ri810 completes, at
the contacts 1818, a circuit for energizing the
winding of the control relay R2025, this circuit
extending from ground by way of the contacts
(818, CI1861, the contacts 2857, C2077 and the
winding of R2023 to battery. When energized -
over the above-traced circuit, the control relay
R2025 operates to complete, at the contacts 2028,
etc., connections between the WXYZ leads in the
groups of marking leads 2030 to 2037, inclusive,
and the code storing devices S2015 to S2022, in-
clusive, respectively, in the printer controller
61. At this point, it is noted that the date and
time unit 88 marks, by way of the group of
marking leads 2038, the ten digit of the day of
the month and marks by way of the group of

marking leads 2034, the unit digit of the day

of the month; further the date and time unit
68 marks, by way of the group of marking leads
2032, the ten digit of the month of the year, .
and marks, by way of the group of marking
leads -2033, the unit digit of the month of the
year; further the date and time unit 68 marks,
by way of the group of marking leads 2034, the
ten digit of the hour of the day, and marks, by
way of the group of marking leads 2035, the unit
digit of the hour of the day; and, finally, the
date and time unit 68 marks, by way of the
group of marking leads 2036, the ten digit of the
minute of the hour, and marks, by way of the
group of marking leads 2037, the unit digit of the
Accordingly, at this time,
there is stored in code, in the code storing devxces
S2015 and S20816 the information concerning the
day of the month; there is stored in code, in the
code storing devices S2017 and S2018, the infor-
mation concerning the month of the year; there

‘is stored in code, in the code storing devices

S2019 and S2020, the information concerning the
hour of the day; and finally, there is stored in
code, in the code storing devices S2021 and
52022, the information concermng the minute
of the hour. ’

Furthermore, it is noted that, upon operating,
the relay R2025 completes, at the contacts 2026,
an obvious path for applying ground potential
to the guard conductor C2029 extending into the
date and time unit 68. This application of
ground potential to the guard conductor C2029
prevents the date and time unit 68 from. oper-
ating to change the markings upon the groups
of marking leads 2030 to 2037, inclusive, during
the short interval of time the relay R2025 is
operated; Finally, upon operating, the relay
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R2025 completes, at the contacts 2021, ah obvious
circuit for energizing the winding of the control
relay R2050. The control relay R2058 then
operates to interrupt, at the contacts 2087, the
previously traced circuit for energizing the wind-
ing of the control relay R2025, thereby to cause
the control relay R2025 to restore and release the

date and time unit 68. Further, the contro] re-

lay R2050 completes, at the contacts 2056, a
holding circuit for energizing the winding there-
of, this circuit extending from ground by way
of the contacts -1818, CI861, the contacts 2056
and the winding of R2050 to battery.

When the switching relay R1660 operates it
prepares, at the contacts 1666, 1667, 1668 and
1669, circuits between the respective wipeljs 16817,
1688, 1689 and 1691 of the rotary switch F1690,
and the wipers 1685, 1686, 1687 and 1688 of the
rotary switch S1680. Further, the switching re-
lay RI1660 prepares, at the contacts 1665, a cir-
cuit traced hereinafter for energizing the wind-
ing of the magnet Mi836 of the rotary switch
S1830 in the converter 61. Finally, the switch-
ing relay R1660 completes, at the contacts 1661,
- & circuit for energizing the upper winding of the
impulse relay R1625, this circuit extending from
ground by way of the contacts 1661, 1637 and
1628, and the upper winding of R1625 to battery.
When energized over the previously traced cir-
cuit, the impulse relay R1628 operates to interrupt,
at the contact 1628, the previously traced circuit
for energizing the upper winding thereof, where-
upon the impulse relay R{625 restores to com-
plete, at the contact 1628, the previously traced
circuit for energizing the upper winding thereof.
Accordingly, the impulse relay RI1625 operates
intermittently. Each time the impulse relay
RI1625 operates it completes, at the contacts 1626,
an obvious circuit for energizing the winding of
the switching relay R1678, and completes, at the
contacts 1627, an obvious circuit for applying
ground potential to the conductor CI1327. The
application of ground potential to the conductor
C1327 completes an obvious circuit for energiz-
ing the winding of the magnet MI681 of the
rotary switch S1680, and completes a circuit for
energizing the winding of the magnet M1836 of
the rotary switch Si830, the last-mentioned cir-
cuit extending from the grounded conductor
C1321 by way of the contacts 1665, the wiper
{696 and engaged contact in the associated con-

tact bank of the rotary switch F1690, the con-
ductor C1806 of the trunk line 1860 and the wind- ,

ing of Mi836 to battery. Each time the impulse
relay R1625 restores, it interrupts, at the con-
tacts 1626, the previously mentioned circiit for
. energizing the winding of the switching relay
RI1670, and interrupts, at the contacts 1627, the
previously - traced ecircuits for energizing the
windings of the magnets MI681i and MI836 of
the rotary switches S1680 and S1830, respectively.
Accordingly, each time the impulse relay R1625
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and S1830 are rotated step by step in sy«
chronism.

The first time the impulse relay RIGZS oper-
ates, the "wipers noted of the rotary switch
51680 engages the first contacts in the asso-
ciated contact banks;.the wipers noted of the
rotary switch S1830 engage the first contacts
in the associated contact banks; and.the switch-
ing relay RI670 operates. Upon operating, the
switching relay RI670 completes, at the con-
tacts 1874, 1672, 1613, and 1674, connections he-
tween the WXYZ relays in the first code storing
device S’GM in the repeater 65 and the WXVYZ
relays in the first code storing device S200f in
the printer controller 61. For example, in the
event the I'W relay in the first code storing de~
vice S1601 is operated at this time, a circuit is
completed for energizing the winding of the IW

- relay in the first code storing device S2001 in
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the printer controller 67, this circuit extending
from ground by way of the contacts 1522, C1802,
the contacts IWI, the wiper 1685 and engaged
first contact in the associated contact bank of
the rotary switch S1680, the contacts 1671 and
1666, the wiper 1697 and engaged contact in the
associated contact bank of the rotary switch
F{690, the conductor Ci801 of the trunk line
1800, the wiper 1831 and engaged first contact
in the associated contact bank of the rotary
switch Si830, C1851 and the winding of I1W to
battery. When energized over the above-traced
circuit, the relay IW in the first code storing
device S2001 operates to complete, at- the con-
tacts IWI, a holding circuit for energizing the
winding thereof, this circuit extending from
ground by way of the contacts 2121 of the oper-
ated relay R2120, C2147 and IWI to battery, the

relay R2120 being operated at this time, as a

~ circuit for energizing the winding thereof was
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completed upon operation of the relay R2050.
The circuit for energizing the winding of the
relay R2120 extends from ground by way of the
contacts 2055, C2143, the winding of R2120 and
the resistor 2114 to battery.

Accordingly, the first time the impulse relay
RI625 in the repeater 65 operates, the code
stored in-the first code storing device SI601 in
the repeater 65 is transferred to the first code
storing device S2001 in the printer controller
61. When the impulsing relay RI625 restores,
the previously traced circuit for energizing the

_ windings of the magnets MI681 and MI836 of

the rotary switches S1680 and S§830, respec-

" tively, are interrupted,- thereby to cause the
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operates, the switching relay R1670 and the mag- .

nets M1681 and Mi836 operate; and each time
the impulse: relay R1625 restores, the switching
relay R1610 and the magnets Mi168f and Mi1836
restore. Each time the magnet MI1681 is ener-
gized and subsequently deenergized, the wipers
noted in the rotary switch S1680 are driven one
step in the clockwise direction; and each time
the magnet M1836 is energized and subsequently
deenergized, the wipers 1831, 1832, 1833, 1834 and
1835 of the rotary switch S1830 are driven one
‘step in the clockwise direction. Accordingly,
the wipers noted in the rotary switches S1680 7
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wipers noted of the rotary smtches S1680 and.

'S1830 to be driven one step in the .clockwise

directiob. 'and into engagement with the second
contacts in the associated contact banks. :
In view of the foregoing description of:.the
manner of transferring the code stored in the
first code storing device S1601 in the repeater
65 to the first code storing device S200f in the
printer controlier 67, it will be understood that the
codes stored in the code storing devices S1802
to SI612, inclusive, in the repeater 65 are re-
spectively transferred in a similar manner to the
code storing devices S2002 to S2012, inchisive,
in the printer controller §1. At this time, the
wipers noted of the rotary switch S1680 engage
the thirteenth contacts in the associated contact
banks; and the wipers noted of the rotary
switch S1830 engage the thirteenth contacts in
the associated contact banks, Accordingly, the
code stored in the contact banks of the rotary
5 switch D1596 is then transferred to the thir-
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teenth code- storing device S2013 in the prmter
controller 61. Finally, the code stored in the

- contact banks of the rotary switch UIS10 is .

transferred te the fourteenth code storing de-
. vice S2014 in the printer controller 61.

" When the magnet M1681 of the rotary switch

81680 in the repeater 65 drives the wipers noted
~into engagement with the fourteenth contacts in

the associated contact banks; thereby to prepare

the transfer of the code stored in the contact
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the relay Ri530 to restore Upon restoring, the

" relay R1520 interrupts, at the contacts 1521, the

banks of the rotary switch U1510 to the four-

teenth code storing device S2014 in the printer
contreller 671, the wiper 1689 of the rotary switch
81680 engaging the fourteenth contact in the
associated contact bank completes a path for
short-circuiting the winding of the control relay
RI1630. This path extends from ground by way
of the contacts 1645, the wiper 1689 and engaged
fourteenth contact- in the associated contact
bank of the rotary switch S1680, the winding of
R1630, C1613, the set of switch springs S1598,
C1587 and the contacts 1504 to ground. The re-
lay RI1630 then restores to interrupt, at the con-
tacts 1633, the previously mentioned circuit for
energizing the winding of the control relay RI1640,
thereby to cause the latter relay to restore short-
1y thereafter. Upon restoring, the relay R1640
interrupts, at the contacts 1647, the previously
“traced holding circliit for energizing the lower
winding of the test relay R1620, thereby to cause

the test relay R1620 to restore and interrupt, at-

the contact 1624, the. previously traced circuit
- for energizing the winding of the switching relay
R1660. The switching relay RI1660 restores, to
interrupt, at the contacts 1661, the previously
traced circuit for energizing the upper winding
of the impulse relay RI1625, thereby to arrest
further operation of the impulse relay RI1625.
Upon restoring, the impulse relay R{625 inter-
rupts, at the contacts 1626, the previously men-

15

20,

25

30,

previously mentioned circuit for energizmg the
left-hand wmding of the time start relay RI540,
thereby ‘to cause the time start relay RI540 to
restore..

Finally, upon resbormg, the relay R1640 com-
pletes, at the contacts 1642, g circuit for energiz- -
ing the winding of the magnet M 1561 of the ro-
tary switch T1560, this circuit extending from
ground by way of the contacts ‘1642, C1610, the
wiper 1563 and engaged contact in the associat-
ed contact bank of the rotary switch Ti1560, the
contacts- 1562 and the winding of MIS61 to bat-..
tery. When energized over the- above-traced
circuit, the magnet MI1561 operates intermittent-
ly to drive the wipers noted of the rotary. switch
T1560 ‘back to their normal trotary positions,
whereupon s circuit is completed for energizing
the winding of the magnet MISTI of the rotary
switch UI570. The last-mentioned circuit -ex-
tends from ground by way of the previously
traced path to the wiper 1563 and engaged first
contact in the associated contact bank of the
rotary switch T1§60, and therefrom by way of
C1583, the wiper I513 and engaged contact in
the associated contact bank of the rotary switch
UI510, the contacts 1572 ‘and the winding of
MI51l to battery. When -energized - over the
above-traced circuit, the magnet MI5T{ operates
to drive the wipers noted of the rotary switch

- U510 back into their normal rotary positions,
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tioned circuit for energizing the winding of the -

" switching relay RI16710, thereby to cause the

switching relay R1670 to restore. Upon restor--

ing, the switching relays R1660 and RI670 in-
terrupt, at the contacts 1666, 1667, 1668 and 1669,
and at the contacts 1674; 1672, 1673 and (674,
respectively, the previously traced connections
between the wipers 1687, 1698, 1699 and 1691 of
the rotary switch Fi1690, and the wipers 1685,
1686, 1687 and 1688.of the rotary switch S1680.
Also, upon restoring, the impulse relay RI1625
interrupts, at the contacts 1621, the previously
traced circuits for energizing the winding of the
magnets M1681 and M1836 of the rotary switches

S1680 and Si830, respectively. Also, upon re-

storing, the relay R1640 interrupts, at the con-
tacts 1645, the previously traced holding circuit

for energizing: the winding of the relay R1650,

thereby to cause the relay R1650 to restore, and
interrupts, at the contacts 164i, the previously
traced circuit for energizing the winding of the
control relay R1520, thereby to cause the relay
RI1520 to restore. Upon restoring, the relay
RI1520 interrupts, at the contacts 1522, the pre-
viously traced holding circuits for the WXYZ
relays in the code storing devices S1601 to S1612,
_ inclusive, in the repeater 65, thereby to cause
these relays to restore. Also, upon restoring, the
relay R1640 interrupts, at the contacts 1645, the
previously traced holding circuit for energizing
the winding of the relay RI510, thereby to cause
the relay RI510 to restore, and interrupts, at

whereupon a cireuit is completed for energizing
the winding of the magnet M1591 of the rotary
switch DI1590. This circuit extends from ground.
by way of the previously traced path.to the wiper
1513 and engaged first contact in the associated
contact bank of the rotary switch UI570, and
therefrom by way of. C1589, the wiper (593 and
engaged contact in the associated contact bank
of the rotary switch D1590, the confacts 1533 and
1592, and the winding of MIi591 to battery.
When energized over the above-traced circuit,

* the magnet MI591 operates to drive the wipers
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the contacts 1644, the previously traced holding -

. circuit for energizing in series the lower and up- -

per windings of the relay R1530, thereby to cause

5 noted of the rotary switch DI590 back into their =~

normal rotary positions, whereupon a circuit ‘is
completed for energizing the winding of the mag- -
net M1681-of the rotary switch S1680. This cir-

cuit extends from ground by way of the pre-

viously traced path to the wiper 1593 and en-

-gaged first contact in the associated contact bank

of the rotary switch DI590, and therefrom by
way of C1605, the wiper 1684 and engaged con-
tact in the associated contact bank of the rotary
switch S1680, the contacts 1682 and the winding
of MI681 to battery. When energized over the
above-trdced circuit, the magnet MI1681 operates
to drive the wipers noted of the. rotary switch
S1680 back into their normal rotary positions.

‘When the wipers noted of the rotary switch
UI510 .are returned to their normal retary posi-
tions, the set of switch springs S1598 and Si597
are actuated into disengagement, thereby to in-
terrupt the previously traced circuit for energiz-
ing the winding of the timing. relay R1545 by
way of the impulsing conductor C1553. -

At this time, the repeater 65 is completely re-
leased and available for further use; although
the rotary switch FI690 does not occupy its nor-
mal position. More particularly, the wipers noted
of the rotary switch FI690 engage the contacts
in the associated contact bank tetminating ‘the. '
conductors of the trunk line 1800 extending to
the prmter controller 67. When the repeater
6% is again seized the control relay RIGM Te-
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operates and recompletes, at the contacts. 1646,
the previously traced circuit. for energizing the
winding of the magnet M{68{ of the rotary switch
Fi1680. The magnet M{691 then.reoperates in-
termittently in order to drive the wipers noted
step by step in the clockwise direction until the
wipers engage the contacts in the associated con-
tact banks terminating the first trunk line ex-
tending to the first converter 66. - At this time,
the set of switch springs S1647 are operated to
move the contact 1618 into disengagement and
to move the contact 1618 into engagement. When
the contacts 1618 of the set of switch springs
SI1611 are operated into engagement, the pre-
viously traced circuit for testing the idle or busy
condition of the first converter 86 is recompleted.
" Further operation of the rotary switch F1690
is determined by the idle or busy condition of the
first converter §6, In the manner previously ex-
plained. N

" When the wipers noted of the rotary switch
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S1830 are moved in the clockwise direction into .

engagement with the eighth contacts in the as-
sociated contact banks, in order to cause the code
stored in the eighth code storing device S1608 in
the repeater 65 to be transferred to the eighth
code storing device S2008 in the printer contreller
67, in the manner previously explained, the wiper
- 1835 of the rotary switch Si1830 completes.a_cir-
cuit for energizing the winding of the magnet
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M2046 of the rotary switch T2040. ‘This circuit

extends from ground by way of the wiper 1835
and engaged eighth contact in the asscciated
contact bank of the rotary switch S1830, the
contacts 1811, C1862, the wiper 2041 and en-
gaged first contact in the associated contact
bank of the rotary switch T2048, C2130, the con-
tacts 2126, C2131, the contacts 2047 and the
winding of M2046 to battery. 'When energized
over the above-traced circuit, the magnet M204§
operates to interrupt, at the contacts 20471, the
previously traced circuit for energizing the wind-
ing thereof and to condition the wipers 2041,
2042, 2043, 2044 and 2045 of the rotary switch
'T2040 to be driven one step in the counterclock-
wise direction. When the circuit for energizing
the winding of the magnet M2046 is interrupted,
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digit between 1 and 6, two of the WXYZ leads.
in the group of marking leads 2875 are marked.
On the other haad, in the event that this code
comprises a digit between 7 and 10, only one of
the WXYZ leads in the group of marking leads
2075 is marked. However, the seventh, eighth,
ninth and tenth contacts in the contact benk
assoclated with the wiper 2043 of the rotary
switch T2848 have direct ground potential con-
nected thereto. B )
In the present example, the rate factor com-
prises the digit 6, as previously noted. Accord-
ingly, the Y and Z leads in the group of marking
leads 28075 have  ground potential appearing
thereon. Hence, when the wipers noted of the
rotary switch ‘T2048 are rotated in the.coun-
terclockwise direction six steps away f their
normal rotary positions, the wipers 2042 and
2043 cngage contacts in the associated contact
banks respectively terminating the Y and Z leads,
whereupon circuits are completed for energizing

*the left-hand and right-hand windings of the

test relay R2125. The circuit for energizing the
left-hand winding of the test relay R2125 ex-
tends from ground appearing upon the Y lead
in the group of marking leads 2075 by way of the
wiper 2042 and engaged contact in the associated
contact bank of the rotary switch T2048, C2132
and the left-hand winding of R2125 to battery;
while the circuit for energizing the right-hand -
winding of the test relay R212§ extends from
ground appearing upon the Z lead in the group
of marking leads 2075 by way of the wiper 2043
and engaged contact in the associated contact
bank of the rotary switch T2048, C2133 and the
right-hand winding of R2125 to battery. At this
point, itisnotgdthatthetestrelaymns is of the
shunt fleld type and is not operated until both
the right-hand and the left-hand windings there-
of are energized. Thus, the test relay R2125 op-
erates at this fime to Interrupt, at the contacts
2126, the previously traced alternative circuit
for energizing the of the magnet M2046

=of the rotary switch T2848, thereby to arrest fur-
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the magnet M2046 restores to drive the wipers

noted of the rotary switch T2040 one step in the
counterclockwise direction and to recomplete, at
the contacts 20417, an alternative circuit for en-
ergizing the winding of the magnet M2046. This
alternative circuit extends from ground by way
of the engaged second contact in the associated
contact bank of the rotary switch ‘T2040, C2130,
the contacts 2126, C2131, the contacts 2047 and
the winding of M2046 to battery. Accordingly,
the magnet M2046 operates intermittently, there-
by to drive the wipers noted of the.rotary switch
T2040 step by step in the counterclockwise di-
rection until both of the wipers 2042 and 2043
~ of the rotary switch T2040 engage the contacts
in the associated contact banks terminating the
WXYZ leads in the group of marking leads 2075
having ground potential appearing thereon. At
this point, it is noted that the code stored in the

eighth code storing device S2008 in the printer -

controller 671 causes ground potential to appear
upon one or two of the WXYZ leads in the group
of marking leads 2075, as previously explained.
More particularly, in the event the code stored
- in the eighth code storing device S2008 corre-
sponding to the rate factor applicable to the call
between the calling subscriber substation Tt and
the called subscriber substation T2 comprises &
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ther operation of the magnet M204§. At this
point, it is noted that the operation of the ro-
tary switch T2048 six steps in the counterclock-
wise direction away from its normal rotary posi-
tion is effective to select the sixth multiplier
switch 2168 illustrated. Hence, it will be un-

-derstood that the rotary switch T2840 is opera-

tive to select a multiplier switch in the group
of multiplier- switches corresponding to the code
factor stored in the eighth code storing device
S2008 in the printer controller §7.

Also, upon operating, the test relay R2125

" completes, at the contacts 2121, a circuit for en-
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ergizing the vertical magnet M2{84 of the ge-
lected sixth multiplier switch 2188, this switch
being of the well-known Strowger type, as previ-
ously noted. The last-mentioned circuit extends
from ground by way of the contacts 2127, C2134,
the contacts 2081, the wiper 2044 and engaged
contact in the associated contact bank of the
rotary switch T2048, C2135, the contacts 2185
and the winding of M2184 to battery. When
energized over the above-traced circuit, the ver-
tical magnet M2104 operates to drive the ver-
tical test wipers 2189 and 2118 of the multiplier
switch 2160 one step in .the vertical direction,
and to-interrupt, at the contacts 2105, the previ-
ously traced circuit for energizing the winding
of the vertical magnet M2184. The vertical mag-
net M2i94 then restores to recomplete, at the
contacts 2105, the previously traced circuit for
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energizing the winding thereof. Accordingly, the
vertical magnet M21(04 operates intermittently to
drive the vertical test wipers 2108 and 2110 step
by step in the vertical direction until both of
the test wipers 2109 and 210 engage contacts
in the associated vertical test bank 2108 termi-
nating WXYZ leads in the group: of marking
leads 2108 ' having ground potential thereupon.
At this point, it is noted that the WXYZ leads
in the group of marking leads 2138 are termi-
nated in the vertical test bank 2108 of the mul-
tiplier switch 2160 and are operatively associated

- with “the thirteenth code storing' device S2043

in the printer controller 61. At this time, there
is stored in code, in the code storing device S2813,
the ten digit 1 of the duration of the established

connection between the calling subscriber sub-

station T and the called subscriber- substation
T2. Hence the W and X leads in the group of

marking leads 2138 are marked with ground po- :

tential at this time and, when the vertical test
wipers 2108 and 2110 are moved one step in the
vertical direction, the contacts in the associated
vertical test bank 2108, terminating the W and

X leads in the group of marking leads 2038 are »:

. engaged, whereupon circuits are completed for
energizing the left-hand and right-hand wind-
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has stored therein, at this' time, the unit 2 of
the duration of the established connection be-
tween the ealling subscriber substation Tl and
the called subscriber substation T2. Hence, the

" W and Y leads in the group of marking leads 2148 -

have ground potential appearing thereon at this
time; and, when the rotary test wipers 2112 and
2113 engage the second contacts in the asso-
ciated rotary test bank 2111 terminating the W -
and Y leads in the group of marking leads 2140,
circuits are completed for energizing the left--
hand and right-hand windings of the stop re-
lay R2070. It is noted that the stop relay R2070
is of the shunt field type and is not operated
until both the right-hand and left-hand wind-
ings thereof are energized. The circuit for en-
ergizing the right-hand windings of the stop

. relay R2070 extends from ground potential ap--

ings of the transfer relay R2060. The circuit for -
energizing the right-hand winding of the trans- -

fer relay R2060 extends from ground potential
appearing upon the W lead in the group of mark-
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ing leads 2138, by way of the vertical test wiper -

2410 and the engaged contact in the associated
vertical test' bank 2108, C2137 and the right-
hand winding of R2060 to battery; while the
circuit for energizing the left-hand winding of
the transfer relay R2060 extends from ground
potential appearing .upon the X lead in the group
of marking leads 2138, by way of the vertical
test wiper 2109 and engaged contact in the as-
sociated vertical test bank 2108, C2139 and the
left-hand winding of R2060 to battery.

It is noted that the transfer relay R2060 is of
the shunt field type and does.not operate until
both the left-hand and right-hand windings are
energized. Hence, the transfer relay R2060 op-

erates at this time to interrupt, at the contacts.

2061, the previously traced circuit for energiz-
ing the winding of the vertical magnet M2104,
thereby to arrest further operation thereof and
to complete, at the contacts 2062, a circuit for
energizing the rotary magnet M2106 of the mul-
tiplier switch 2160. The last-mentioned circuit
extends from ground by way of the contacts 2127,
C2134, the contacts 2062 and 207i,
2045 and engaged contact in the associated con-
tact bank of the rotary switch T2040, C2136, the
contacts 2107 and the winding of M2106 to bat-
tery. When energized over the above-traced cir-
. euit, the rotary magnet M2106 operates to drive
the rotary test wipers 2112 and 2113 one step
in the rotary direction, and to interrupt, at the
contacts 2107, the previously traced circuit for
energizing the winding thereof. Accordingly, the
rotary magnet M2106 operates intermittently to
. drive the rotary test wipers 2112 and 2113 step
by step in the rotary direction until both of the
test wipers 2112 and 2113 engage contacts in the
associated ‘rotary test bank. 211{ terminating
WXYZ leads in the group of marking leads 2140
having ground potential appearing . thereon.

the ‘wiper :
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Further, it is noted that the group of marking-

leads 2140 are operatively associated with the
fourteenth code storing device S2014 in the print-

ter controlier 61, which code storing device S2014

e

pearing upon the W lead in the group of mark-
ing leads 2140, by way of the rotary test wiper
2113 and engaged contact in the associated ro-
tary test bank 2111, C2141 and the right-hand
winding of R2070 to battery; while the circuit for
energizing -the left-hand winding of the stop
relay R2010 extends from ground potential ap-
pearing upon the Y lead in the group of mark-
ing leads 2140, by way of the rotary test wiper
2112 and engaged contact in the associated ro-
tary test bank 211f, C2{42 and the left-hand
winding of R2070 to battery. Hence, the stop
relay R2070 operates, at this time, to interrupt,
at the contacts 2071, the previously traced cir-
cuit for energizing the winding of the rotary
magnet M2106, thereby to arrest further opera-

“tion thereof, and to prepare, at the contacts

2072 and 2073, control circuits traced hereinafter
including the control conductors C2145 and C2146,
respectively, extending to the toll ticket printer
69. At this time, it is noted that the wipers 2101,
2102, 2103 and 2104 of the Strowger mechanism
2100 included in the multiplier switch 2160 en--
gage corresponding contacts in the associated
main contact bank corresponding to the verti-
cal and rotary positions thereof, which contacts
terminate leads which are operatively connected
by way of the straps 2152 in the jumper field
2151 to predeterniined ones of the leads in the
group of marking leads 2158, The particular .
leads in the group of marking leads 2150, to
which the straps 2152 are' connected, is deter-
mined by the particular selected sixth multi-
plier switch 2160 and the vertical and rotary op- .
erated positions cf the wipers 2101 to 2104, in-.
clusive, thereof, these factors determining the
ultimate cost of the call between the calling sub-
scriber substation TI and the called subscriber
substation T2.

Further, it is noted that, when the wipers of the
rotary switch T2040 are operated one step away

) from their normal rotary positions, the set of

switch springs S2049 associated with the rotary
switch T2040 are operated into engagement,
thereby to complete an alternative circuit for en-
ergizing the winding of the control relay R2050,

5 this circuit extending from ground by way of the

set of switch springs S2049, C1861, the contacts
2056 and the winding of R2050 to battery. Fur-
ther, it is noted that, upon operating, the relay
R2058 interrupts, at the contacts 2052, a point
in the previously traced original circuit for ener-
gizing the winding of the hold relay RI810. Ac-
cordingly, at this time, the hold relay RI810 is
retained in its operated position, by way of the -
holding circuit extending from ground potential
appearing upon the control conductor C1807 in
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ihe trunk line 1800, the contacts 1815 and the
winding of R1818 to battery.

As previously noted, after the code stored in the
contact banks of the rotary switch UI§70 in the
repeater 88 is transferred therefrom to the four-
teenth code storing device S2014 in the printer
controller 61, the repeater 85 is released. When
the repeater 65 is released, the previously traced

- path for applying ground potential to the con-
trol conductor CI807 of the trunk line 1800 is
- interrupted, thereby to interrupt the previously
traced holding circuit for energizing the winding
of the hold relay RI818 in the printer controller
67. The hold relay RI810 then restores to com-
plete, at the contacts 1817, a path for applying
ground potential to the control conductor C2145
extending to-the. toll ticket printer 68, this cir-
cuit extending from ground by way of the con-
tacts 1822 and 1817, C1860, and the contacts 2051’
and 2072 to the control conductor C2145. This
application of ground potential to the control
.conductor C2i45 extending to the toll ticket
printer 69 causes the toll ticket printer 9 to be
seized, whereupon ground potential in the toll

ticket printer 89 is applied to the control con- y;

ductor C2148. This application of ground po-
tential to the control conductor C2{46 in the
toll ticket printer 69 completes a circuit for en-

20

ergizing the winding of the control relay R1820,

this circuit extending from ground on the con-
trol conductor C2146, the contacts 2073 and 2652°,
C1859, the contacts I8i14 and the winding of
mm to: battery. When energized over the
above-traced circuit, the relay R1820 operates
to interrupt, at the contacts 1822, the previously
traced path for applying ground potential to the
control conductor C2145 extending to the toll
ticket printer 69, and completes, at the contacts
1821, a circuit for energizing the upper winding
of the impulse'relay R1940. This circuit extends
from ground by way of the contacts 1821, Ci864,
the contacts 1944 and the upper winding of R1940
to battery. When energized over the above-
traced circuit, the impulse relay R1940 operates
to interrupt, at the contacts 1944, the previously
traced circuit for energizing the upper winding
thereof, whereupon the impulse relay R840 re-
stores to recomplete, at the contacts 1944, the
previously traced circuit for energizing the upper
winding thereof. Accordingly, the impulse relay
RI1940 operates intermittently. Also, upon re-
storing, the hold relay Ri8(0 completes, at the
contacts 1813, an alternative circuit for energizing
the winding of the magnet M1836 of the rotary
switch S1830, this circuit extending from ground
by way of the wiper {835 and engaged contact in
the associated contact bank of the rotary switch
S1830, the contacts 1813 and 1837, and the wind-
ing of Mi836 to battery. When energized over
the above-traced circuit, the magnet M1836 op-
erates to interrupt, at the contacts 1831, the pre-
viously fraced circuit for energizing the winding
thereof, whereupon the magnet M {836 restores to
recomplete, at the contacts {8317, the previously
traced circuit for energizing the winding thereof.
Accordingly, the magnet M1836 operates and re-
_stores intermittently, thereby to drive the wipers
noted of the rotary switch S1830 step by step in
the clockwise direction until the wiper 1835 dis-
engages the last contact in the associated contact
bank included in the previously traced circuit for
energizing the winding of the magnet MI836,

thereby to interrupt the circuit for energizing the’

_ winding of the magnet M1836 in order to arrest
further operation thereof. At this time, the wip-
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ers noted of the rotary switch S1830 are returned
to their normal rotary positions.

At this point, it is noted that the code storing
devices S2001 to S2022, inclusive, in the printer
controller 61 have stored therein, in code, the
following information: )

Co:ii%:ti.g;mg Information stored in code

52001 The respective first, second, third and fourth digits

852002 of the directory number of the called subscri]

5%43 line 2200, the digits 5, 5, 5 and 5, respectively.

82005 The respective first, second and third letters identify-

82006 ing the terminating exchange 52, the Jetters M, A

82007 and D, respectively.

82008 The rate factor applicable to the call between the
calling subseriber substation T1 and the called
subscriber substation T2, the digit 6.

82000 The respective first, aecond .third and fourth d

82010 of the directory number of the calling subscrl

gggg line 250, the digits 2, 9, 2 and 1, respectively.

82013 Therespective ten and unit digits of the time duntion

52014 of the established connection between the calling

subscriber substation T1 and the called subscriber

substation ‘T2, the digits 1 and 2, respectively.

82015 The ten and unit digits of the day, the digits 1 and 0,

82016 respectively.

82017 The ten nnd unlt diglts ‘of the month, the digits

82018 1 and 2, respective

82019 The ten and unit digits of the hour, the digits 1

§2020 and 2, respective

82021 The ten and unit dlgiu of the minute, the digits 4

52022 and 5, respectively.

Each time the impulse relay R1848 operates it
completes, at the contacts 1943, an obvious path
for applying ground potential to the wipers 1884
and (902 of the rotary switch R1800; completes,
at the contacts 1942, obvious paths for applying
ground potential to the wipers 1803 and 1904 of
the rotary switch Ri808; and completes, at the
contacts 1941, an obvious circuit for energizing
the magnet MI1907 of the rotary switch Ri1908,
Each time the magnet M 1807 of the rotary switch
R1900 is energized, it conditions the wipers 1981,
1902, 1903, 1904, 1905 and 1906 of the rotary
switch R1900 to be driven one step in the coun-
terclockwise direction; and each time the mag-
net M1807 restores, the wipers noted of the ro-
tary switch R1900 are driven one step in the
counterclockwise direction. After the wipers
1903 and 1904 of the rotary switch RI1900 are ro-
tated a predetermined number of steps, they en-
gage contacts in the associated contact banks
terminating the conductor CI868, thereby to
complete an obvious circuit for energizing the
winding of the magnet MI846 of the rotary
switch C1840, thereby to cause the magnet M{84§
to operate and condition the wipers 1841, 1842,
1843, 1844 and 1845 of the rotary switch C1840 to
be driven one step in the counterclockwise direc-
tion. When the previously mentioned circuit for
energizing the magnet M1848 is interrupted, the
magnet M {846 restores to drive the wipers noted
of the rotary switch C1848 one step in the coun-
terclockwise direction. )

From the foregoing, it will be understood that,
each time the impulse relay R1940 operates and
restores, the wipers noted of the rotary switch
R 1900 are driven one step in the counterclockwise
direction; while the wipers noted in the rofary
switch C1840 are driven one step in the counter- -
clockwise direction, upon each of certain of the
operations and restorations of the impulse relay
RI1940. At this point, it is noted that the first
three contacts in the contact bank. associated
with the wiper 1801 of the rotary switch R1908
terminate the conductors C1820, Ci92¢ and
C1922, respectively, which are permanently con-
nected by way of the straps 2154 in the jumper
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fleld 2!5I to certain of .the leads in the group of
marking leads 2150 extending to the toll ticket
. printer §9. Hence, upon the first three opera-
tions of the impulse relay R1940, ground poten-
tial is applied by way of the wipers 1901 and the
first three contacts in the associated contact bank
of the rotary switch RI1900 successively to the
. conductors C1920, Ci92{1 and C1922; and there-
from, by way of the straps-2154 in the jumper
fleld 2151 to predetermined ones of the leads in
the group of marking leads 2150. More particu-
larly, the conductors C1820, C192f and C1922 are
connected by way of the straps 2164 in the jump-
er field 2151 to certain of the leads in the group
of marking leads 2150, thereby to cause the toll

49

- The wiper l 801 then successwely engages seven
additional contacts in.the associated contact
bank terminating the conductor .CI18671, thereby -
to cause the printer 69 to pr1nt the letters MAD
and the numerals 5555 in'the space on the toll

" ticket entitled Called No. The wiper 1901 then

10

15

ticket printer 69 to print the letters MON upon

the toll ticket, as shown in Fig. 24, these letiers
identifying the originating exchange 50..
Subsequently, upon the fourth operation of the
impulse relay R1940, the wiper 1903 engages a
contact in the associated contact bank of the
rotary ‘switch included in the previously iraced
- circuit for energizing the winding of the magnet
M1846 of the rotary switch C1840, thereby to

cause the magnet MIi846 to operate and condi-

tion the wipers noted of the rotary switch C1840
to be driven one step in the counterclockwise di-
rection. Furthermore, the wiper 1901 engages
_the fourth contact in the associated contact bank
of the rotary switch R1900, thereby to complete

a path for causing ground potential to be applied .

to the second marking lead in the group of mark-
- Ing leads 1863 extending by way of the group of
marking leads 2150 to the toll ticket printer 69.
This path extends from the grounded wiper 1901
and the engaged fourth contact in ‘the associ-
ated contact bank of the rotary switch R1960, by
way of the conductor CI1867, the contacts WAI,
XA2? and YAl to the second lead in the group of
marking leads 1863, the relays WA and YA being
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operated at this time, in a manner more fully .

described hereinafter.. This application
of marking leads 1863 causes the toll ticket print-
er 69 to print the digit 2 upon the toll ticket, as
shown in Fig, 24.

Before explaining the manner of operation of
- the WA, XA, YA and ZA relays associated with
the wipers 1841, 1842, 1843 and 1844, respectively,
of the rotary switch C1840 incidentto the opera-
tion of the rotary-switch C1840, the general op-

of -
ground potential to the second lead in the group .

engages the contact in the associated contact
bank terminating the conductor C1930, where-

upon the printer 69 shifts the toll ticket to the =

space entitled Date Day Mo. on the toll ticket.
Subsequently, the wiper 1901 engages successive-
ly two contacts in the associated contact bank
terminating the conductor CI867" thereby to

cause the printer 69 to print the numerals 10 in..

the space entitled Date Day Mo. on the toll ticket.
The wiper 1901 then engages the contact- in the .
associated contact bank terminating the’ con-
ductor C1831, thereby to cause the printer-69 to
print the / in the space entitled Date Day Mo. on
the toll ticket. Subsequently, the wiper 1901 stic-
cessively engages two contacts in the associated
contact bank terminating the conductor CI867,
thereby to cause the printer 69 to print the nu- -
merals 12 in the space entitled Date Day Mo. on
the toll ticket. .

“The wiper 1801 then successively engages the
two contacts in the- assoc1ated contact bank ter-
minating the conductor C1933, thereby to cause

-the printer 69 to space the toll ticket to the space
- entitled Time Hour Min. on the toll ticket.

The
wiper 1981 then successively engages two con-
tacts in the associated contact bank terminating .

* the conductor C1861, thereby to cause the printer

69 to print the numerals 12 in the space entitled
Time Hour Min. on the toll ticket. The wiper

1902 then engages thé contact in the associated - -

contact bank terminating the conductor C1932,
thereby to cause the printer 69 to print a period
(.) in the space entitled Time Hour Min. on’ the
toll ticket. Subsequently, the wiper 1902 succes- -
sively engages two contacts in the associated con-

tact bank terminating the conductor CI1861,
thereby to cause the printer 69 to print the nu- -

~ merals 45 in the space entitled Time Hour Mm on
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eraticn of the rotary swich R1900 will be ex-

plained. Continuing now with the operation of
the rotary switch R1900, it is noted that, sfter
the wiper 1901 thereof successively engages the
first three contacts in the associated contact
bank terminating the conductors C1920, C1921
and C1922, thereby to cause the toll ticket printer
89 to print the letters MON in the space entitled
Callmg No. .on the toll ticket, it then engages
successively four contacts in the associated con-
tact bank terminating the conductor CI1867,
thereby to cause the printer 69 to print the nu-

mera’s 2, 9, 2 and 1 in the space entitled Calling’

No. on the toll ticket. Thus, at this time, in the
space on the toll ticket entitled Calling No., there
_ is printed MON 2921. The wiper 1301 of the ro-
tary switch RI1900 then engages the contact in
the associated contact bank terminating the con-
ductor C1930, thereby to cause ground potential
.to be applied to the conductor C1930, whereupon
the printer 69 shifts the toll ticket so that the
succeeding information will be printed in the
* space entitled Called No. on the toll ticket.
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the toll ticket.

The wiper 1902 then engages the contact in the
associated contact bank terminating the con-
ductor C1930, thereby to cause the printer 69 to
shift the toll ticket to the space entitled Rate on
the toll ticket. The wiper 1902 then stuccessively
engages two contacts in the associated contact
bank terminating the conductor C1933, thereby
to cause the printer 69 to space the toll ticket
twice. The wiper 1902 then engages the contact
in the associated contact bank terminating the
conductor CI1867, thereby to cause the printer 69
to print the numeral 6 in the space entitled. Rate
on the toll ticket. -

The wiper 1902 then successwely engages the .
four contacts in the associated contact bank ter-
minating the conductor C1933, thereby to cause
the printer 69 to space the toll ticket four times.
The wiper 1902 then engages successively two
confacts in the associated contact bank termi-
nating the conductor CI867, thereby to cause the

printer 69 to print the numerals 12 in the. space .

entitled Duration of tall in mins. on the toll
ticket. The wiper 1802 then engages the contact.
in the associated contact bank terminating the
conductor C1930, thereby to cause the printer 69
to shift. the toll ticket to the space-entitled Cost-

of cell on the toll ticket, The wiper 1902 then

‘engages the contact in the associated contact. -

bank terminating the conductor C1933, thereby:
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to cause the printer 69 to space the toll ticket
one space. : -

The wiper 1902 then engages successively the
two contacts in the assoclated contact bank ter-
minating the conductors C1923% and Ci924, re-
spectively, extending to the wipers 2161 and
2102 of the Strowger mechanism 2100, thereby
to cause the printer 69 to print the numerals
{2 in the space entitled Cost of call on the toll
ticket, the numerals 12 indicating the cost of the
call in shillings. The wiper 1802 then engages
the contact in the associated contact bank ter-
minating the conductor C1831, thereby to cause
the printer 69 to print the / in the space en-
titled Cost of call on the toll ticket. The wiper
1902 then engages successively the contacts in
the associated contact bank terminating the
conductors C1925 and C1926 connected’ to the
wipers 2103 and 2104, respectively, of the
Strowger mechanism _
printer 69 to print the numerals i in the space
entitled Cost of call on the toll ticket, the nu-

- merals {1 indicating the cost of the call in pence.
Finally, the wiper 1802 engages the contact in

the associated contact bank terminating the .

conductor C1930, thereby to cause the printer 69
to shift the toll ticket out of the printer 69.
When the wipers- 1841, 1842, 1843 and 1844 of
the rotary switch C1840 engage the first con-
tacts in the associated contact banks, the ninth

2100, thereby to _cause ‘the -

(£
o

o0

code storing device S2008 in the printer con-

troller 67 is operatively connected to the wind-
inigs of the relays WA, XA, YA and ZA, as pre-
viously noted. In view of the fact that & code
.corresponding to the digit 2 Is stored in the
code storing device S2009, the W and Y relays
in this code storing device are operated, there-
by to complete obvious circuits by way of the W

and Y leads in the group of marking leads in '

the cable 1855 for energizing the windings of
the relays WA and YA, thereby to cause these
relays to operate and complete, at the contacts
WA[{ and YAl, respectively, the previously traced
path for applying ground potential upon the
conductor CI1867 to the second marking lead in
the group of marking leads 1863, extending by
way of the group of marking leads 2150 to the
toll ticket printer 69. From the foregoing, it
will be understood that, as the wipers no!:ed of
the rotary switch C1840 are rotated step by step
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in the contact banks of the rotary switch S1840™
in accordance with the following schedule:

Code storing Position of terminating contacts in the contact
device banks of the rotary switch C1840
1 -
2 .
3
4
]
8
7
8
9
10
11
12
13
14
15
18
17
18
19
20
21 N
22

After the toll ticket printer 69 has operated to
print- the toll ticket as shown in Fig. 24, the
wipers of the rotary switch R1808 are moved an

- additional step in the counterclockwise direction

incident to the restoration of the magnet M1901,
whereupon the wiper 1306 engages the contact in
the associated contact bank terminating the con-
ductor C1928, whereupon a path is completed for
short-circuiting the winding of the control relay
R2120, this path extending from ground by way
of the wiper 1906 and engaged contact in the as-
sociated contact bank of the rotary switch R1900,
C1928, the contacts 2058, C2144, the winding of
R2420, C2143 and the contacts 2055 to ground.
When the winding of the relay R2120 is thus
short-circuited, the relay R2120 restores to in-
terrupt, at the contacts 2121, the previously men-
tioned path for applying ground potential to the
conductor C21471 extending to the code storing
devices S2001 to S2022, inclusive, in the printer
controller 67, whereupon the WXYZ relays in the
code storing devices S2001 to S2022, inclusive, re-
store to their normal positions. When the WXYZ
relays in the code storing device S2008 restore to

~ their normal positions, the previously traced cir-

60

in the counterclockwise direction, they engage -

contacts in the associated contact banks ter-

minating the WXZY lead of the various groups °

of marking leads in the cable 1855 extending to
the various code storing devices S2001 to S2022,

inclusive, thereby to cause the WA, XA, YA and

ZA relays to operate in accordance ‘with the
code stored in the particular code storing device.

The various combinations of operation of the

WA, XA, YA and ZA relays complete marking
paths between the conductor C1867 and the ten
marking. leads in the group of marking leads
1863, in an obvious manner.
. In order to cause the toll ticket printer 69 to
. operate and print the information, previously de-
scribed, upon the toll ticket, it is necessary for
the different code storing devices S2001 to S2022,
inclusive. in the printer controller 67 to be con-
nected to the various contacts in the contact
banks associated with the wipers (841, 1842,
1843 and 1844 of the rotary switch C1840, in a
predetermined order.

The code storing devices S2001 to S2022, in-
clusive, are connected to the various contacts
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cuits for energizing the right-hand and left-hand
windings of the test relay R2125 are interrupted,
thereby to cause the test relay R2125 to restore.
Upon restoring, the test relay R2126 completes, at
the contacts 2126, an alternative circuit for en-
ergizing the winding of the magnet M2046 of the
rotary switch T2040, this circuit extending from
ground, by way of the wiper 204{ and engaged
contact in the associated contact bank of the ro-
tary switch 'T2040, C2130, the contacts 2126,
C2131, the contacts 2047 and the winding of
M2046 to battery. When energized over the
above-traced circuit, the magnet M2048 operates
to interrupt, at the contacts 2047, the previously
traced alternative circuit for energizing the wind-
ing thereof, whereupon the magnet M204T re-
stores to recomplete, at the contacts 20471, the
previously traced alternative circuit for energiz-
ing the winding thereof. Accordingly, the mag-
net M2046 operates intermittently, thereby to
drive the wipers noted of the rotary switch
T2040 step by step in the counterclockwise direc-
tion until the wiper 2041 disengages the last con-
tact.in the associated contact bank having ground
potential connected thereto. At this time, fur-
ther operation of the magnet M2048 is arrested
and the rotary switch T2040 occupies its normal
rotary position.



When the rotary switch T2040 is returned to
its normal rotary position, the set of switch
springs S52049 -is operated into disengagement,
thereby to interrupt the previously traced hold-
ing circuit for energizing the winding of the con-
trol relay R2050, whereupon the relay R2050 re-
stores to recomplete, at the contacts 2051, an
alternative circuit for energizing the winding of
the rotary magnet M2106 of the Strowger mech-
anism 2100 included in the multiplier switch 2160.
This circuit extends from ground by way of the
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. -to arrest further operation thereof. The rotary

10

contacts 2051, the set of switch springs S2014,

C2136, the contacts 2107 and the winding of
M2(06 to battery. When energized over the
above-traced circuit, the rotary magnet M2106
operates to drive the wipers. of the Strowger
mechanism 2100 an additional step in the rotary

15

direction and to interrupt, at the contacts 2101, .

the previously traced alternative circuit for en-
ergizing the winding thereof, whereupn the mag-
net M2106 restores to recomplete, at the contacts
21017, the previously traced alternative circuit for
energizing the winding thereof. Accordingly, the
magnet M2105§ operates intermittently to drive

the wipers of the Strowger mechanism 2100 in the -

rotary direction eleven steps away from the nor-
may rotary position thereof, whereupon the wip-
ers of the Strowger mechanism are returned to
their normal vertical and rotary positions.. When
the wipers of the Strowger mechanism 2100 are
- returned to their normal vertical position, the set

of switch springs S2074 are operated into disen- .

gagement, thereby to interrupt the previously
traced alternative circuit for energizing the wind-
ing of the rotary magnet M2106. At this time, the
Strowger mechanism 2100 is completely released.

Also, when the WXYZ relays in the code stor-
ing devices S2013 and S201(4 restore to their nor-
mal positions, the previously traced circuits for
respectively energizing the right-hand and left-

hand windings of the transfer relay R2060 and"

the stop relay R2070 are interrupted, thereby to
cause the transfer relay R2060 and the stop relay
R2070 to restore. At this time, the multiplier
switch 2160 is completely released. ‘

Also, upon restoring, the control relay R2050
completes, at the contacts 2058, an alternative
circuit for energizing the winding of the magnet
MI90T of the rotary switch RI1900, this circuit

extending from ground by way of the wiper 190§ :

and engaged contact in the associated contact
bank of the rotary switch R1900, C1928, the con-
tacts 2089, C1929, the contacts 2054, C1921, the
contacts {908 and the winding of MI1907 to bat-

tery. When energized over the above-traced .

circuit, the magnet MI997 operates to interrupt;
at the contacts 1908, the previously traced cir-
cuit for energizing the winding thereof and con-
ditions the wipers noted of the rotary switch
R 1900 to be driven an additional step in the coun-
terclockwise direction. The magnet M1907 then
restores to drive the wipers noted of the rotary
switch R1900 an additional step in the counter-
clockwise directicn. At this time, the wiper 1906

engages the contact in the associated contact

bank terminating the conductor C1929, where-
upon an additional alternative circuit for ener-
gizing the winding of the magnet M1907 is com-
pleted, this alternative circuit extending from
grecund by way of the wiper 1906 and engaged
contact in the associated contact bank of the
rotary switch R1908, C1829, the contacts 2054,
C182], the contacts 1908 and the winding of
-M1907 to bhattery. When energized over the
- above-traced circuit, the magnet M190T operates
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intermittently to drive the wipers noted of )‘the
rotary switch R1900 step by step in the counter-
clockwise direction until the wiper 1906 disen-

' B1

gages the last contact in the associated contact .

. bank of the rotary switch RI1900 terminating the

conductor A C1928; whereupon the "previously
traced alternative circuit for energizing the wind-
ing of the magnet M19017 is interrupted, thereby

switch R1900 occupies its normal rotary position
at this time. - .

Also, upon restoring, the relay R2050 inter- -

rupts, at the contacts 2052’, the previously traced -

circuit for energizing the winding of the relay
R1820, by way of the conducior C2 146 extending
to the toll ticket printer 69, thereby to cause the
relay R1820 to restore and the toll ticket printer

69 to be completely released. Finally, the relay -

'R2050 completes, at the contacts 2053, an alter-

native circuit for energizing the winding of the
magnet MI846 of the rotary switch C1840, this
circuit extending from ground, by way of the
contacts 2053, C1856, the wiper 1845 and engaged
contact in the associated contact bank of the
rotary switch C(840, the contacts 1847 and the

‘'winding M1{846 to battery. When enecgizeq over
the above-traced circuit, the magnet M1846 op-

erates to interrupt, at the contacts 1847, the pre-

viously traced alternative circuit for. energizing

the winding ' thereof, whereupon the magnet
MI848 restores to recomplete, at the contacts

. 18417, the previously traced alternative circuit for

energizing the winding thereof. Accordingly, the
magnet MI846 operates intermittently to drive
the wipers noted of the rotary switch C1840 step

by step in the counterclockwise direction until

the wiper 1845 disengages the last contact in the
associated contact bank terminating the conduc-
tor C1856, whereupon the previously traced alter-
native circuit for energizing the winding of the
magnet MI846 is interrupted, thereby to arrest
further operation thereof. At this time, the ro-

-tary switch C1840 occcupies itz normal rotary po-
" sition and the printer controller 67 is completely -

released. Furthermore, it is noted that the triink
line 1890 exiending to the printer controller 67
is marked as idle to the repeaters having access
thereto, battery potential being applied- to the
control conductor C1897 of the trunk line 1800 at

the resistor 1838 and at the winding of the hold =

relay RI810 in the printer controller 617. )
It will be understood that, when the repeater
65 is released, the group selector switch 89 and

the dia] repeater 81 in the intermediate exchange -

51 will be released, whereupon the first numeri-
cal switch 89, the second numerical switch 91
and the connector switch 92 in the terminating

exchange 52 will be released in a well-known

manner. Finally, the subscriber line 2200 will be .

markzd as idle to the connector switches having
access thereto, assuming that the suiscriber at
the subscriber substation T2 has replaced the re-
ceiver-of the telephorie instrument thereat up~n
its associated switchhcok. Accordingly, at this
time, the established connection between the call-
ing subscriber substation Ti1 ang the called sub-
scriber substation T2 is completely released and
all of the apparatus utilized in this established
connection is restored to its normai positisn.,

Operation of'the alternative detector
: : arrangement

As previousiy noted, it is contemplated that an
alternative detector arrangement may. be sub-
stituted for the detectors 10 and 11, shown in
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Figs. 10 to 14, inclusive. This alternative de-
tector arrangement comprises the apparatus
shown in Figs. 25, 10 and 11 and a portion of .he
" apparatus shown'in Fig. 13, as previously ex-
plained. . Referring to Figs. 10, 11, 13 and 25,
when the converter 86 is seized, the relay R1720
therein operates (. apply ground potential to
the start conductor C1109, as previously ex-
plained, thereby to complete an obvious circuit
for energizing the winding of the start relay
R2585 when the alternative detector arrange-
ment is utilized. The start relay R2685 then op-
erates to complete, at the contacts 2586, a circuit
for. energizing the winding of the magnet M2582
of the rotary switch F2580. This circuit extends
from ground by way of the contacts 2563 and
2575, C2587, the wiper 2504 and engaged. first
contact in the associated contact bank of the ro-
.tary switch M2508, C2576, the wiper 2515 and
engaged first contact in the associated contact
bank of the rotary switch C2510, C2571, the wiper
2524 and engaged first contact in the associated
contact bank of the rotary switch D2520, C2518,
the wiper 2534 and engaged first contact in the
associated contact bank of the rotary switch
U2530, C2519, the wiper 2543 and engaged first
contact in the associated contact bank of the ro-
tary switch S2540, C2552, the contacts 2586 and
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ground potential to the wipers 2501 2511, 2612 .
and 2521 of the rotary switches M25008, C2510 and

. D2520; and completes, at the contacts 2565, a

20

25

2683, and the winding of M25682 to battery. -

When energized over the above-traced circuit,
the magnet M2582 operates fo interrupt, at the
contacts 2583, the previously traced circuit for
energizing the winding thereof, whereupon the
magnet M2582 restores to recomplete, at the con-
tacts 2583, the previously traced circuit for ener-
gizing the winding thereof. Accordingly, the
magnet M2582 operates intermittently, thereby
to drive the wiper 2581 of the rotary switch F2580
step by step in the clockwise direction until the
wiper 2581 engages the contact in the associated
contact-bank terminating the control conductor
C1106 extending to the converter 66, whereupon
a cireuit is completed for energizing the winding
of the test relay R2560. This circuit extends
from ground, by way of the winding of R2560,
the wiper 2581 and engaged contact in the asso-
ciated contact bank of the rotary switch F2580
-to the conductor CI106, battery potential in the
converter 66 being impressed upon the conductor

C1106. When this circuit is completed, the test -

relay R2560 operates to interrupt, at the contacts
2563, the previously traced circuit for energizing
the winding of the magnet M2582 of the rotary
switch F2580, thereby to arrest further opera-

tion thereof. Also, upon operating, the test relay :

R2560 completes, at the contacts 2566, the pre-
viously traced circuit for energizing the primary
winding of the transformer 1355 from the 2000
cycle alternating current generator 1352, as ex-
plained. Further, the test relay R2560 completes,
at the contacts 2564, a circuit for energizing the
lower winding of the impulse relay R2555, this
circuit extending from ground, by way cf the con-
tacts 2572, 2564 and 2556, and the lower winding
of R2555 to battery. When energized over the
above-traced circuif, the impulse relay R2555 op-
erates to interrupt, at the contacts 2556, the pre-
.- viously traced circuit for emergizing the lower

- winding thereof, whereupon the impulse relay
R2555 restores to recomplete, at the contacts
2556, the previously traced circuit for energizing
the winding thereof. Accordingly, the impulse
relay R2555 operates intermittently. Also, upon
operating, the test relay R2560 completes, at the
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‘confgacts 2562, an obvious path for applying 75

circuit for energizing the winding of the magnet
M2545 of the rotary switch S2540. This circuvit
extends from ground, by way of the contacts 2565
and 2518, and the winding of M2545 to battery.
When energized over the above-fraced circuit,
the magnet M2545 operates to condition the
wipers 2541, 2542, 2543 and 2544 of the rotary
switch 52580 to be driven one step in the ccun-
terclockwise direction.

At this time, the wiper 2542 of the rotary
switch S2540 engages the contact in the asso-
ciated contact bank terminating the conductor
C2593. Accordingly, each time the impulse relay
R2555 operates, at this time, a circuit is com-
pleted, at the contacts 2557, for energizing the
winding of the magnet M2505 of the rotary switch
M25600. This circuit extends from ground, by
way of the contact 2587, C2597, the wiper 2542
and engaged first contact in the associated con-
tact bank of the rotary switch S2540, C25983, and
the winding of the magnet M2505 to battery.
Each time the above-traced circuit for energiz-
ing the winding of the magnet M2585 is com-
pleted and subsequently interrupted, the magnet
M2505 operates and then restores to drive the
wipers 2501, 2502, 2503 and 2504 of the rotary
switch M2500 step by step in the counterclock-
wise direction. When the wiper 2505 of the ro-
tary switch M2500 is driven step by step in a
counterclockwise direction, it successively engages
the contacts in the associated contact bank ter-
minating the conductors in the cable 1103, there-
by to cause the relays IM, 2M, etc., in the cross-
bar switch control network 1108 to operate suc-
cessively, whereupon the crossbar switch control
network {100 controls the operation of the cross-
bar switches 1001, 1002, 1003 (004 and 1005, in
the manner previously described, in order to test
the various 1000 groups of lines terminating at
the originating exchange 50 in the manner pre-
viously explained. When the particular 1000
group of lines including the calling subscriber
line 250, terminating at the originating exchange
80, is tested, the vacuum tube amplifier 1305 op-
erates to cause the test relay R2850 to operate,
as previously explained. Upon operating, the test
relay R2550 completes, at the contacts 2551, an
obvious circuit for energizing the upper winding
of the control relay R2570, thereby to cause the
relay R2570 to operate. Upon operating, the re-
lay R2570 completes, at the contacts 2571, an ob-

.vious path for short-circuiting the lower winding

thereof, thereby rendering the relay R2570 slow
to release. Further, the relay R2578 interrupts,
at the contacts 2572, the previously traced cir-
cuit for energizing the lower winding of the im-
pulse relay R2555, thereby to arrest further op-
eration of the impulse relay R2555 at this time.
Finally, the relay R2570 interrupts, at the con-
tacts 2614, the previously traced circuit for ener-
gizing the winding of the magnet M2545 of the
rotary switch S2540, whereupon the ‘magnet
M?2545 restores to drive the wipers noted of the
rotary switch S2540 one step in the counterclock-
wise direction. At this time, the wiper 2542 of
the rotary switch S2540 engages the second con-
tact in the associated contact bank terminating
the conductor C2594, thereby to prepare a circuit
traced hereinafter for energizing the winding of
the magnet M2516 of the rotary switch C2510.

" Furthermore, when the wiper 2541 of the rotary

switch S2540 engages the second contact in the
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assoclated contact bank, it completes an obvious
circuit for energizing the winding of the relay
MS, this circuit extending from ground by way
of the contacts 2561, the wiper 2541 and engaged
second contact in the associated contact bank of
the rotary switch 52540, and the winding of MS
to battery., When energized over the above-
traced eircuit, the relay MS operates to complete,
at the contacts MSI, an obvious. holding circuit
for energizing the winding thereof.

Also, upon operating, the relay MS causes the
crossbar switch control network {108 to contrcl
~ the first crossbar switch 1001 which is utilized at
this time in the previously described manner,
whereupon the previously traced test circuit is
interrupted, and the test relay R2550 restcres.
Upon restoring, the test relay R2550 interrupts,
at the contacts 2551, the previously mentioned
circult for energizing the upper windivg of the
relay R2570, thereby to cause the relay R2570 to
restore shortly thereafter., Upon restoring, the
. -relay R25710 recompletes, at the contacets 2572,
the previously traced circuit for energizing the
 lower winding of the impulse relay R2555, there-
by to cause the impulse relay R2555 to operate
intermittently, as previously explained. Also,
upon restoring, the relay R2570 recompletes, at
the contacts 2574, the previously traced circuit
for energizing the winding of the magnet, M2545
of the rotary switch S2540, thereby to cause the
magnet M2545 to operate and condition the
wipers noted of the rotary switch S2540 to be
driven an additional step in the counterclock-
wise direction. The operation of the impulse re-
lay R2655, at this time, complefes, at the con-
tacts, 2667, the previously mentioned circuit for
energizing the winding of M2516 of the rotary
switch C2540. . This circuit extends from ground,
by way of the contacts 2557, the wiper 2542 and
engaged second contact in the associated con-
tact bank of the rotary switch S2540, C2594 and
the winding of M2516 to battery. Accordingly,
the wipers 25(1; 2512, 2513,
the rotary switch C2510 are operated step by step
in the counterclockwise direction at this time.
-~ As the wiper 2512 of the rotary switch C2518 is
operated step by step in the counterclockwise
direction, ground potentia] is alternately applied
to the odd and even conductors in the cable 1101;
and as the wiper 2511 of the rotary switch C2510
is rotated step by step in the counterclockwise
direction, ground is successively applied upon
each two steps of the rotary switch C2510 to the
control conductor in the cable 110f. This appli-
cation of ground  potential to the conductors
noted in the cable 1161 causes the crossbar switch
contro] network 1100 to control the operation of
the first crosshar switch 1801, in the previously
described manner, in order to test the 100 groups
of lines terminating at the originating exchange
50 for the calling subscriber line 250, in the pre-
viously described manner,

In view of the foregoing description of the
mode of operation of the rotary switches M2500
and C2510, it will be understood that the rotary
switches D2520 and U2530 are subsequently op-
erated step by step in order to determine, re-
spectively, the particular group of 10 lines ter-
" minating at the originating exchange 50 includ-
ing the calling stibscriber line 250 and the par-
ticular line terminating at the originating ex-
change 50 which is the calling subscriber hne
250,

When the wipers 2531, 2532, 2533 and 2534 ‘of

B3

- their normal positions, the set of switch sprlngs-
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ing to the converter 88.

52531 are actuated into engagement, thereby to
prepare a path traced hereinafter for applying
ground potential to the conductor C1108 extend-
After the operation of
the rotary switch U2530 is completed, ‘the test
relay R2550 again operates, thereby to cause the
relay R2570 to again operate. Upon operating,
the relay R25710 completes, at the contacts 2573,
the previously mentioned path for applying
ground potential to the conductor CI108 extend-

.ing to the converter 66. This path extends from

ground, by way of the contacts 2565 and 2513,
and the set of switch spnn%s S2531, to the con-
ductor Ci108. This application of ground poten-
tial to the conductor C1108 extending to the con-
verter 66 causes the cut-off relay RI1730 therein
to operate, as previously explained.

At this point, it is noted that the wipers 2502
and 2503 of the rotary switch M2500 mark, by
way of the engaged contacts in the associated
contact bank, the WXYZ leads in the first group
of marking leads 1451 included in the cable {455
extending to the converter 66, the marking of
the WXYZ leads in the first group of marking
leads 1451 being in accordance with the operated
position of the rotary switch M2500, and con-
sequently in accordance with the particular 1000
group -of lines terminating at the originating ex-
change 50 including the calling subscriber line
258; the wipers 2513 and 2514 of the rotary switch
C2510 mark, by way of the engaged contacts in
the associated contact banks, the WXYZ leads in
the second group of marking leads 1452 included
in the cable 14585 extending to the converter 66,
the marking 'of the WXYZ leads in the second
group of marking leads 1452 being in accordance
with the operated position of the rotary switch

-C2510, and consequently in accordance with the

particular 100 group of lines terminating at the
originating exchange 50, including the calling
subscriber line 250; the wipers 2522 and 2523
of the rotary switch D2520 mark, by way of the
engaged contacts in the associated contact banks,
the WXYZ leads in the third group of marking
leads 1453 included in the cable 1455 extending
to the converter 66, the marking of the WXYZ
leads in the third group of marking leads 1453
being in accordance with the operated position of
the rotary switch D2520, and consequently in ac-
cordance with the particular 10 group of lines
terminating at the originating exchange 59, in-

. cluding the calling subscriber line 250; and final-
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ly, the wipers 2632 and 2533 of the rotary switch
U2530 mark, by way of the engaged contacts in
the associated contact banks, the WXYZ leads in
the fourth group of marking leads 1454 included
in the cable 1455 extending to the converter 66,
the marking of the WXYZ leads in the fourth
group of marking leads 1454 being in accordance
with the operated position of the rotary switch
U2530, and consequently in accordance with the
particular calling line 250 terminating at the
originating exchange 50. .
Furthermore, it is noted that, after the rotary
switch M25800 is set to a predetermined rotary
position, the rotary switch S2540 is oberated to
cause the wiper 2544 thereof to engage the sec-
ond contact in the associated contact bank, there-
by to complete the previously mentioned mark-
ing circuits for the WXYZ leads in the first group

- of ‘marking leads 1451, in order to cause opera- - '

tion of the fifth code storing device S1705 in the

the rotary switch U2530 are operated away from 75 converter 66, in the previously described man-

Tk
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ner, ~Furthermore, after the rotary switches
C2510, D2520 and U2530 are successively oper-
ated to predetermined rotary positions, the rotary
switch S2540 operates to cause the wiper 2544
thereof to engage successively the third, fourth
and fifth contacts in the associated contact bank,
thereby to complete the marking circuits, by way
of the WXYZ leads in the second, third and
fourth groups of marking leads 1452, 1453 and
1454, respectively, whereby the sixth, seventh and
eighth code storing devices S1706, SI10T and
S$1108, .respectively, in the converter 66 are op-
erated, in the previously described manner,

At this time, the code storing devices S1705, '

S11706, S1707 and S1708 in the converter 66 have
been operated in order to register the first, sec-
ond, third and fourth digits of the directory num-
ber of the calling subscriber line 250 terminating
at the originating exchange 50; and the cut-off
relay Ri730 in the converter 66 has operated.
Upon operating, the cut-off relay R17130 in the
converter 66 interrupts the previously traced cir-
cuit for energizing the winding of the test relay
R2560, thereby to cause the test relay R2560 to
restore. Upon restoring, the test relay R2560
interrupts, at the contdcts 2561, the previously
mentioned holding circuits for energizing the
windings of the relays MS, CS and DS, where-
upon the relays MS, CS and DS restore and
control the crossbar switch control network 1100
_in order to cause the first crossbar switch 1001
to restore to its normal position. The test relay
R2550 then restores and shortly thereafter the
relay R2570 restores. When the relay R2570 re-
stores it completes, at the contacts 2579, an al-
ternative circuit for energizing the winding of the
magnet M2505 of the rotary switch M2500. This
circuit extends from ground, by way of the con-
tacts 2563 and 25715, C2587, the wiper 2504 and
engaged contact in the associated contact bank
of the rotary switch M2500, the contacts 2506
and the winding of M2505 to battery, When en-
ergized over the above-traced circuit, the mag-
net M2505 operates to interrupt, at the contacts
2506, the previously traced circuit for energizing
the winding thereof, whereupon the magnet
M2505 restores to recomplete, at the contacts
2506, the previously traced alternative circuit for
energizing the winding thereof. Accordingly,
the magnet M2505 operates intermittently to drive
thre wipers noted of the rotary switch M2600
step by step in the counterclockwise direction,
back into their normal rotary positions, where-
upon the wiper 2504 of the rotary switch M2500
disengages the last contact in the associated con-
tact bank included in the circuit for energizing
ihe winding of the magnet M2505, and engages
the first contact in the associated contact bank,
thereby to complete a circuit for energizing the
winding of the magnet M2516 of the rotary switch
C2510. The last-mentioned circuit extends from
ground, by way of the previously traced path, to
the wiper 2504 and engaged first contact in the
associated contact bank of the rotary switch
M2500, and therefrom, by way of C2576, the wiper
2515 and engaged contact in the associated con-
tact bank of the rotary switch C2510, the contact
2517 and the winding of M2516 to battery.
When energized over the above-traced circuit,
. the magnet M2516 operates to drive the wipers
- noted of the rotary switch C2510 step by step
in the counterclockwise direction, back into their
normal rotary positions, whereupon the wiper
2515 engages the first contact in the associated
contact bank, thereby to complete a circuit for
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energizing the winding of the magnet M2525 ot
the rotary switch D2520. The last-mentioned
circuit extends from ground, by way of the pre-
viously traced path, to the wiper 2515 and en-
gaged first contact in the associated contact bank
of the rotary switch C2510, and therefrom, by
way of C2511, the wiper 2524 and engaged con-
tact in the associated contact bank of the rotary -
switch D2520, the contacts 2526 and the winding
of M2525 to battery. When energized over the
above-traced circuit, the magnet M2525 operates
to drive the wipers noted 6f the rotary switch
D2520 in a counterclockwise direction, back into
their normal rotary positions, whereupon the
wiper 2524 engages the first contact in the asso-
ciated contact bank 'of the rotary switch D2520,
thereby to complete a circuit for energizing the
winding of the magnet M25§35 of the rotary switch
U2530. The last-mentioned circuit extends from
ground, by way of the previously fraced path, to
the wiper 2524 and engaged first contact in the
associated -contact bank of the rotary switch -
D2520, and therefrom, by way of C2518, the wiper
2534 and engaged contact in the associated con-
tact bank of the rotary switch U2530, thereby to
tacts 2536 and the winding of M2535 to battery.
When energized over the above-traced circuit,
the magnet M2535 operates to drive the wipers
noted of the rotary switch U2530 step by step in
the counterclockwise direction, back into their
normal rotary position, whereupon the wiper 2534
engages the first contact in the associated con-
tact bank of the rotary switch U2530, thereby to
complete a circuit for energizing the winding of
the magnet M2545 of the rotary switch $2540.
The last-mentioned circuit extends from ground,
by way of the previously traced path, to the
wiper 2534 and engaged first contact in the as-
sociated contact bank of the' rotary switch
U2530, and therefrom, by way of C2579, the wiper-
2543 and engaged contact in the associated con-
tact bank of the rotary switch S2540, the con-
tacts 2546 and the winding of M2545 to battery.

‘When energized over the above-traced circuit,

the magnet M2545 drives the wipers noted of the
rotary switch S2540 until the wiper 2543 disen-
gages the sixth contact in the associated contact
bank of the rotary switch S2540 and engages the
seventh contact in the associated contact bank .
of the rotary switch S2540. When the sixth
contact in the contact bank associated with the
wiper 2543 of the rotary switch S2540 is disen-
gaged, the previously traced circuit for energiz-
ing the winding of the magnet M2545 is inter-
rupted, thereby to arrest further operation there-
of. FPFurthermore, when the wiper 2543 engages
the seventh contact in the associated contact
bank of the rotary switch S2540, this rotary
switch occupies a normal position. At this time,
the alternative detector arrangement is com-
pletely released and available for further use.

CONCLUSIONS

From the foregoing, it is apparent that an
automatic telephone system is provided which
comprises improved automatic recording appa-
ratus operative to record, without the aid of an
operator, given particulars of certain calls in
the system for which special charges are made.

While there has been described what is at
present considered to be the preferred embodi--
ment of the invention, it wili be understood that
various modifications may be made therein, and
it is intended to cover in the appended claims
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all such modifications as fall within the true
spirit and scope of the invention.
What is claimed is: .

.1, In a telephone system, & first exchange hav-
. ing lines extending thereto, a plurality of second

exchanges, switching mechanism operative to es-

tablish a connection between said first exchange

and any one of said second exchanges, a register
- -sender, means for associating said register sender
with a calling line in said first exchange, said
register sender including a two-motion switch
operative to register two digits sent over said

calling line and designating a particular one of .

said second exchanges, said register sender in-
cluding a sender controlled in accordance with
the operation of said two-motion switch for gov-
erning the operation of said switching mecha-

nism, thereby to establish a connection between - -

sald calling line and said particular second ex-

‘change, a rotary switch provided with a wiper-
and an associated contact bank, and means con--

trclled in accordance with the operation of said
two-motion switch for registering in the contact

bank of said rotary switch the particular rate.

" factor applicable to a call from said first ex-
aaange to said particular second exchange,

2. In g telephone system, a first exchange hav-
‘ing lin=s extending thereto, a plurality of second
exchanges, switching mechanism operative to es-
tablish a connection between said first exchange
and any one of said second exchanges, a trunk
circuit including an automatic switch, means for

. associating said trunk circuit with a calling line
in said first exchange, a plurality of groups of

register senders, means included in said auto- :

matic switch and operative in response to a first
digit sent -over said calling line for selecting a
corresponding group of said register senders and
then for selecting an idle register sender in said
selected group of register senders, said selected
_register sender including a digit register opera-
tive to register two additional digits sent over
said calling line, a particular one of said second
- exchanges being designated by the three digits

sent over sald calling line, said register sender

including a sender controlled in accordance with
the operation of said digit register for govern-
ing the operatmn of said switching mechanism,
thereby to establish s connection between said

B calling line and said particular second exchange,

a code register individually associated with said
selected register sender, means for permanently
registering in said code register one digit corre-
sponding to said selected group of register send-

ers, and means controlled in accordance with . ;

the cperation of said digit register for register-
ing in said code register two additional digits
_ and the particular rate factor applicable to a call

. from said first exchange to said particular sec-
ond exchange, the three digits registered in said
code register designating said particular second
exchange.

3. In a telephone system, a first exchange hav-
ing lines extending thereto, a plurality of second
exchanges, switching mechanism operative to es-
tablish a connection between said first exchange
and any one of said second exchanges, a trunk
circuit including an automatic.switch, means for
asscciating said trunk circuit with a calling line
- in said first exchange, a plurality of groups of

-‘register senders, means included in said auto-

miatic switch and operative in response to a first
digit sent over said calling line for selecting a
- corresponding group of said register senders and
then for selecting an idle register sender in said
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1
selected group of register senders, said selected
register sender including a two-motion switch
operative to register two additional digits sent
over sald calling line, a particular one of said
second exchanges being designated by the three
digits sent over said calling line, said register
sender including a sender controlled in accord- -
ance with the operation of said two-motion
switch for governing the operation of said switch-
ing mechanism, thereby to establish a connec-
tion between said calling line and said particular
second exchange, a rotary switch individually as-
sociated with said selected register sender and
provided with a wiper and an associated contact

5 bank, means for permanently registering in the

contact bank of said rotary switch one digit cor-
responding to said selected group of register
senders, and means controlled in accordance with
the operation of said two-motion switch for reg-
istering in the contact bank of said rotary switch
two additional digits and the particular rate fac-
tor applicable to a call from said first exchange
to said particular second exchange, the three
digits registered in the contact bank of sald ro-
tary switch designating said particular second
exchange,

4.In g telephone system, a first exchange hav-
ing lines extending thereto, a plurality of sec-
ond exchanges, switching mechanism operative
to establish a connection between said first ex-
change and any one of said second exchanges,
a trunk circuit including two  line conductors
and an automatic switch, means for associating
said trunk circuit with a calling line in said first
exchange, a plurality of groups of register send-
ers, means included in said automatic switch
and operative in response to a first digit sent
over said calling line for selecting a correspond-
ing group of said register senders and then for
selecting an idle register sender in said selected
group of register senders, said selected register
sender including a digit register operative to
register two additional digits sent over said call-
ing line, a particular one of said second ex-
changes being designated by the three digits
sent over said calling line, said selected register
sender including g first sender controlled in ac-
cordance with the operation of said digit regis-
ter and operative to send digits over one of the
line conductors of said trunk circuit, means con-
trolled in accordance with the digits sent over
the one line conductor of said trunk circuit for
governing said switching mechanism, thereby to
establish a connection between said calling line
and said particular second exchange, a code reg-
ister individually associated with said selected
register sender, means for permanently regis-
tering in said code register one digit correspond-
ing to said selected group of register senders, .
means controlled in accordance with the opera-
tion of said digit register for registering in said
code register two additional digits and the par-
ticular rate factor applicable to a call from
said first exchange to said particular second ex-
change, the three digits registered in said code
register designating said particular second ex-
change, said selected register sender including
a second sender operative to send four sets of
impulses respectively corresponding to the three
digits and the rate factor register in said code
register over the other line conductor of said
trunk circuit, four code storing devices, and
means for successively associating said code stor-
ing-devices with the other line conductor of said
trunk circuit,. thereby to cause the three digits




56 | o

and code factor stored in said code i‘égister
to be transferred and stored in said code stor-

- ing devices.

5. In a telephone system, a first exchange
having lines extending thereto, a plurality of
second exchanges, switching mechanism opera-
tive to establish a connection betwéen said first
exchange and any one of said second exchanges,
a trunk circuit including two line conductors
and an automatic switch, means for associat-
ing said trunk circuit with a calling line in said

10

first exchange, a register sender, means for asso-

ciating said register sender with said trunk cir-
cuit, said register sender including a digit regis-
ter operative to register a set of digits sent over
said calling line and designating a particular one
of said second exchanges, said register sender
including a first sender controlled in accord-
ance with the operation of said digit register
and operative to send digits over one of the line
conductors of said trunk circuit, a plurality of
repeaters, means included in said automatic
switch and controlled by the first digit sent over
the one line conductor of said- trunk circuit for
causing said automatic switch to select an idle
one of said repeaters, said selected repeater be-

ing operative to repeat other of the digits sent

over the one line conductor of said trunk cir-
cuit to said switching mechanism, thereby to
establish a connection between said calling-line

and said particular second exchange, said reg--

ister sender including a second sender controlled

" in accordance with the operation of said digit

register and operative to send a first set of im-
pulses corresponding to the set of digits-desig-
nating said particular second exchange and a
second set of impulses corresponding to the par-
ticular rate factor applicable to a call from said
first exchange to said particular second exchange
over the other line conductor of said trunk line,

a number of code storing devices, and means for -

successively associating said code storing de-

vices with the other line conductor of said trunk’

circuit, thereby to cause the set of digits desig-
nating said particular second exchange and the
rate factor to be stored in said code storing
devices. :

6. In a telephone system, a first exchange, a
plurality of second exchanges, lines extending to
said exchanges, a_frunk circuit, means for asso-
ciating said trunk circuit with a calling line in
sald first exchange, a register sender, means for
associating said register sender with said trunk
circuit, said register sender including 4 first digit
register operative to register a first set of digits
sent over said calling line and designating a par-
ticular one of said second exchanges and a sec-
ond digit register operative to register a second
set of digits sent over said calling line and desig-
nating a particular called line in said particular
second exchange, means controlled in'accordance
with the operation of said first digit register for
causing said register sender to send a first set of
digits over said trunk circuit, means controlled in
accordance with the operation of said second
digit register for causing said register sender to
send a second set of digits over said trunk circuit,
a repeater including an automatic switch, means
for associating said repeater with said trunk cir-
cuit, a first switching mechanism operative to
establish a connection between said first ex-
change and any of said second exchanges, a sec-
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being operative to repeat at least one of the digits
of -said first set sent over said trunk circuit to
said first switching mechanism, thereby to estab-
lish a connection beiween said calling line and
said particular second exchange, said repeater
being operative to repeat said second set “of
digits sent over said trunk circuit to said second
switching mechanism, thereby to establish a
connection between said calling line and said
called line, a number of converters, means for
causing said automatic switch to search for an
idle one of said converters when said repeater is
associated with-'said frunk circuit, said register
sender including first and second relays, means.
controlled after said register sender has sent said
first set of digits over said trunk circuit for op-
erating said first relay, means controlled by the
operation of said first relay for preventing said
register sender from sending said secondset of
digits over said trunk circuit, means controlled
jointly by the operation of said first relay and
the operation of said automatic switch to select
an idle one of said converters for operating said
second relay, and means controlled by the opera-
tion of said second relay for causing said first
relay to restore. N .

- 1. In a teléphone system, a first exchange, a
plurality of second exchanges, lines extending to
said exchanges, a trunk circuit, means for asso-
ciating said trunk circuit with a calling line in
said first exchange, a register sender, means for

" associating said register sender with said trunk
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circuit, said register sender including a first digit’
register operative to register a first set of dizits
sent over said calling line and designating a par-

‘ticular one of said second exchanges and a sec-

ond digit register operative to register a second
set of digits sent over sald calling line and desig-
nating a particular called line in said particular
second exchange, means controlled in accordance
with the operation of said first digit register for
causing said register sender to send a first set of

" digits over said trunk circuit, means controlled in-
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ond switching mechanism in said particular sec- .

ond exchange operative to establish a connection

to any one of the lines therein, saild repeater 75

accordance with the operation of said second .
digit register for causing said register sender to
send a second set of digits over said trunk circuit,
a repeater including an automatic switch and a
number of code storing devices, means for asso-
ciating said repeater with said trunk circuit, a
first switching mechanism operative to establish
a connection between said first exchange and

-any of said second exchanges, a second switching

mechanism in sald particulaF second exchange
operative to establish a connection to any one
of the lines therein, said repeater being operative
to repeat at least one of the digits of said first set
sent over said trunk circuit to said fii'st switching
mechanism, thereby to establish a connection
between said calling line and said particular sec-
ond exchange, said repeater being operative to
repeat sald second set of digits sent over said
trun.. circuit to said second switching mecha-
nism, thereby to establish a connection between
said calling line and said called line, a number of
converters, means for causing said automatic
switch to search for an idle one of said converters
when said repeater is associated with said trunk
circuit, said register sender including first and
second relays, means controlled after said regis-
ter sender has sent said first set of digits over
saild trunk circuit for operating said first relay,
means controlled by the operation of said first
relay for preventing said register sender from
sending said second set of digits over said trunk
circuit, means controlled jointly by the opera-
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tion of said first relay and the operation of said

automatic switch to select an idle one of said con- -

verters for operating said second relay, means
controlled by the operation of said second relay
for causing said first relay to restore, and means
included in the selected converter for converting
the digits of said second set into codes and for
storing the codes in said code storing devices.

8. In a telephone system, an exchange havinz
lines exténding thereto, & trunk circuit, means for
associating said trunk circuit with a calling line
in said exchange, a register sender, means fo

-associating-said register sender with said trunk

circuit, said register sender including a first digit
register operative to register a first set of digits

_sent over said calling line and & second digit

register operative to register a second set of digits
sent over said calling line, means controlled in
accordance with the operation of said first digit
register for causing said register sender to send
a first set of digits over said trunk circuit, means
controlled in accordance with the operation of
said second digit register for causing said register
scnder to send & second 'set of digits over said
trank circuit, & repeater including an automatic
switch, means for associating said repeater with
said trunk circuit, said repeater being operative
" to repeat at least one of the digits of said first
sét sent over said trunk ecircuit and all of the
digits of said second set sent over said trunk cir-
cuit, a number of converters, means for causing

" said automatic switch to search for an idle one of

_said converters when said repeater is associated
with said trunk-circuit, said register sender in-
cluding first and second relays, means controlled
after said register sender has sent said first set
of digits over said trunk circuit for operating said
first relay, means controlled by the operation of
said first relay for preventing said register sender

~ from sending said second set of digits over said
trunk circuit, means. controlled. jointly by the
operation of said first relay and the operation of

' said automatie switch to select an idle one of said

converters- for operating said second relay, and.

- means controlled by the operation of said second
relay for causing saidfirst relay to restore,
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over sald trunk circuit for operating said first
relay, means controlled by the operation of said
first relay for preveniing said register sender
from sending said second set of digits over said -
trunk circuit, means controlled jointly by the
operation of said first relay and the operation of
said automatic switch to select an idle one of
said converters for operating said second relay,
means controlled. by the operation of said second
relay for causing said first relay to restore, and
means included in the selected converter for con-
verting the digits of said second set into codes
and for storing the codes in said codes storing
devices.

10. In a telephone system an exchdange having
& group of lines extending thereto, a plurality of

detectors, each said detector being independently

operative to detect & line in said group of lines
having a predetermined condition thereon, means
for initiating operation of said detectors, and
means for producing an indication in the event
said detectors fail to detect the same line in said
group of lines. .

11, In a telephone system, an exchange having
a group of lines extending thereto, & plurality .ot
detectors, each said detector being independently
operative to'detect a line in said group of lines

" having a predetermined condition thereon, means

30

40

45

9. In a telephone system, an exchange having -

- lines extending thereto, a trunk circuit, means
for associating said trunk circuit with a calling
line in said exchangé a register sender, means

for associating said régister sender with said trunk

-circuit, said register sender including a first digit
register operative to register a first set of digits
sent over-said- calling line and a second digit
register operative to register a second set of digits
sent over said calling line; means controlled in

" accordance with the operation of said first digit

- register for causing said register sender to send
‘& first set of digits over said trunk circuit, means
controlled in accordance with the operation of
said second digit register for causing said register
sender: to send a second set of digits over said
trunk circuit, a repeater including an automatic
switch and a number of code storing devices,
means for. associating said repeater with said
trunk circuit, said repeater being operative to

_ repeat’at least one of the digits of said first set

" sent over said trunk circuit and all of the digits
of said second set sent over said trunk circuit,
& number of converters, means for causing said
automatic switch to search for an idle one of said
converters when said repeater is associated with
said trunk circuit, said register sender includinz
first and second relays, means controlled after

. said register sender has sent said first set of digits
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for initiating operation of said detectors when
said predeterminéd condition .is present upon a
line in said group of lines, and means for pro-
ducing an alarm in the event sald detectors fail
to detect the same line in said group of lines.

12. In a telephone system, an exchange heving
a group of lines extending thereto, a plurality of
detectors, each said detector being independently
operative to detect a line in said group of lines
having a predetermined condition thereon, means
for initiating operation of said detectors, means
for producing a registration corresponding to the
detected line in said group of lines in the event -
said detectors detect the same line in said group
of lines, and means for producing an alarm in the
event said detectors detect different lines in said
group of lines, .

-13. In a telephone system, an exchange having -
8 group of lines extending thereto, a plurality of
detectors, each of said detectors being independ-
ently operative to detect a line in said group of
lines having a calling condition thereon, means
for initiating operation of said detectors, and -
means for producing sn indication in the event
said detectors fail to detect the same line in -
said group of lines.

14. In a telephone system, an exchange having
a group of lines extending thereto, a plurality of
detectors, each of said detectors being independ-

" ently operative to detect a 'line in said -group of
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lines having a calling condition thereon, means
for initiating operation of said detectors when a

. calling condition is present upon a line in said

65

70

(]

group of lines, and means for producing an alarm
in the event said detectors detect different lines
in said group of lines.' _

15. In a telephone system, an exchange having
a group of lines extending thereto, a plurality of
detectors, each of said detectors being independ-
ently operative to detect a line in- said group of
lines having a calling condition thereon, means

" for initiating operation of said detectors when a

calling condition is present upon a line in said
group of lines, means for producing a registration
corresponding to the detected line in said group
of lines in the event said detectors detect the
same line in said group of lines, and means for
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producing .an alarm in the event said detectors
detect different lines in said group of -lines.

16. In a telephone system, an exchange having
a group of lines extending thereto, each of said
lines including a control conductor, means con-
trolled after a call is initiated on one of said lines
for impressing a predetermined poteniial upon
the control conductor thereof, a plurality of de-
tectors, each of said detectors being independ-
ently operative to detect a line in said group of
lines having said predetermined potential im-
pressed upon the control conductor thereof,
means for initiating operation of said detectors, &
. register, and means for operating said register to
identify the detected line in said group of lines
in the event said detectors detect the same line
in said group of lines.

17. In a telephone system, an exchange having
a group of lines extending thereto, each of said
lines including a control conductor, means con-
trolled after a call is initiated on one of said lines
for impressing a predetermined potential upon
the control conductor thereof, a plurality of de-
tectors, each of said detectors being independ-
ently operative to detect a line in said group of
lines having said predetermined potential im-
pressed upon the control conductor, means for
initiating operation of said detectors, an alarm
device, and means for operating said alarm de-
vice in the event said detectors detect different
lines in said group of lines. o ‘

18. In a telephone system, an exchange having
g group of lines extending thereto, said group of
lines being arranged in progressively smaller sub-
groups of lines, a plurality of detectors, each of
said detectors being independently operative to
detect the various progressively smaller sub-

groups of lines including a calling line and the’

particular position of the calling line in the
smallest subgroup of lines, means for initiating
operation of said detectors, a register, and means
for operating said register to identify the various
subgroups of lines and the particular position
detected in the event said detectors detect the
same subgroups of lines and the same particular
position. C

19. In a telephone system, an exchange having
a group of lines extending thereto, said group of
lines being arranged in progressively smaller sub-
groups of lines, a plurality of detectors, each of
said detectors being independently operative to
detect the various progressively smaller sub-
groups of lines including a calling line and the
particular position of the calling line in the
smallest subgroup of lines, means for initiating
operation of said detectors, an alarm device, and
means for operating said alarm device in the
lines or différent particular positions.. |

20. In a telephone system, an exchange baving
a group of lines extending thereto, each of said
iines being assigned a directory number indica-
tive of the progressively smaller subgroups in-
cluding the line and the, particular position of
the line in the smallest subgroup, a plurality of
detectors, each of said detectors being individual-
1y operative to detect the directory number of a
calling line in said group of lines, means for in-
itiating operation of said detectors, a register,
and means for operating said register to identify
the directory number of the detected line in said
group of lines in the event said detectors detect
the same directory number of the calling line in
said group of lines. ’

event said detectors detect different subgroups pf
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21. In a ielephone system, an exchange having
a group of lines extending thereto, each of sald
lines being assigned a directory number indica-

.tive of the progressively smaller subgroups in-

cluding the line and the particular posiilon of

_the line in the smallest subgroup, a plurality of

detectors, each of said detectors being individual-
1y operative to detect the directory number of a
calling line in said group of lines, means for
initiating operation of said detectors, an alarm
device, and means for operating said alarm de-
vice in the event said detectors detect different
directory numbers of the. calling line in said
group of lines. . ’

22. In a telephone system‘, an exchange having
a group of lines extending thereto, a trunk cir-
cuit, means for associating said trunk circuit with
a calling line in said group of lines, a number of

‘registers, means for associating an idle one of

said registers with sald trunk circuit, a detector
operative to detect a calling line in said group
of lines, means for associating said one register
with said detector, means controlled when said
one register is associated with sald detector for
initiating operation of said detector, and means
for causing said detector to operate said one
register to identify the calling line in said group

of lines.
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23. In a telephone system, an exchange having
a group of lines extending thereto, & trunk cir-
cuit including a first automatic switch, means

 controlled over a calling line in said group of
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lines for associating said trunk circuit with said
calling line, a number of registers accessible to
said first automatic switch, means controlled when
said trunk circuit is associated with said calling
line for causing said first automatic switch to
select an idle one of said registers, a second auto-
matic switch operative to find the one of sald
registers selected by said frst automatic switch,
means controlled when said first automatic switch
selects an idle one of said registers for initiating
operation of said second automatic switch, a
detector operative to detect a calling line in said
group of lines, means controlled when said second
automatic switch finds said one register for initi-
ating operation of said detector and for associat-
ing said one register with said detector, and
means controlled by the operation of said detector
for governing the operation of said one register
to identify said calling line. .
" ‘924, Tn a telephone system, an exchange having

a group of lines extending thereto, a trunk cir-
cuit, means for associating said trunk - circuit
with a calling lihe in said group of lines, & num-
ber of registers, means for associating an idle
one of said registers with said trunk circuit, a

. detector operative to detect a calling line in said
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group of lines, means controlled when said one
register is associated with said trunk circuit for
seizing said detector and for initiating operation
thereof, means for causing said detector to oper-
ate said one register to identify the calling line in
said group of lines, and means controlled by the
operation of said one register for releasing said
detector.

25. In a telephone system, an exchange having '
a group of lines extending thereto, a trunk cir-
cuit, means for associating said trunk circuit
with a calling line in said group of lines, a num-
ber of registers, means for assoeiating an idle one
of said registers with said trunk circuit, a plu-
rality of detectors, each of said detectors being
independently operative to detect a calling line
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in said group of lines, means controlled when said-
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: switching mecha.nism having access to. each of

one register is associated with said trunk circuit -

for initiating.operation of said detectors, and
means for operating said one register to identify
the detected line in said group of lines in the
event said detectors detect the same line in said
~group of lines.
26. In a telephone system, an exchange having
a group of lines extending thereto, each of the
lines in said group having an ‘individual desig-
nation comprising a given number of digits of
particular numerical values, a detector having
access to each of the lines in sald group and com-
prising said given number of digit registers re-
spectively corresponding to the digits in said
designations, each of said digit registers including
ten relays respectively corresponding to the nu-
merical-values 1 to 0, means for causing said de-
tector to detect any one of the lines in said group
having a calling condition thereon and {o operate
in each of said digit registers the relay corre-
- sponding to. the numerical value of the corre-
sponding. digit in the designation of the detected
line in said group of lines, and means controlled
- In accordance with the operation of the relays in
said digii registers for recording the digits in the
designation of said one line.
27. In a telephone-system, an exchange having
a group of lines extending -thereto, each of said
lines having an individual designation comprising
a thousand digit, a hundred digit, a ten digit and
a unit digit-of particular numerical values; a de-
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the lines in said group, & number of digit reg-
isters, means for operating said digit registers
successively, means controled by the operation
of sald digit registers for causing said switch- .
ing mechanism to connect the progressively
smaller subgroups of said group of lines includ-
ing a calling line to said tester and then to con-
nect the calling line in the smallest subgroup
of said group of lines to sald tester, and means
controlled jointly by said tester and said switch-
ing mechanisih’ for governing said- first-men-
tioned means, thereby to cause said digit regis-
ters to 1dentify the ca.lling line in said group of
lines.
30. In a telephone system, an exchange hav- '
ing a group of lines extending thereto, each of
the lines in said group having an individual

. designation comprising a given number of digits

20
.detectors, each of said detectors being inde-

30
.alarm in the event any two corresponding digit

tector having access to ‘each of said lines and -

. comprising & thousand digit register, a hundred
digit register, a ten digit register and a unit digit
register, each of said digit registers including ten
relays respectively corresponding to the numerical
values 1 to 0; and means for causing said de-

. tector to detect any one of the lines in said group
having a calling condition thereon and to operate
in each of said digit registers the relay corre-
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of particular numerical values, a plurality of

pendently operative to detect a calling line in
said group of lines and comprising said given
number of digit registers, means for initiating
operation of 'said detectors, means controlled by
the operation’of each of said detectors for op-
erating the digit -registers therein in- accord-

ance wil:h the numerical values of- ‘the corre-

sponding -digits of the designation of the line
detected thereby, and means for producing an

registers in said detectors have registered bhere- ’
in different numerical values.
31. In & telephone system, an exchange hav-

‘ing a group of lines extending thereto, each of

the lines in said group having an individual

" designation comprising & given number of digits

40

sponding to the numerical value of the corre- -

sponding digit in the designation of the detected.

line in said group of lines.
28. In a telephone system, an exchange having
a group of lines exteénding thereto, each of the
lines in said group having an individual designa-
tion comprising a given number of digits of par-
. ticular numerieal values, a detector having access
to each of the lines in said group and comprising
said given number of digit registers respectively
corresponding to the digits in said designations,
each of said digit registers including ten relays
respectively corresponding to the . numerical
values 1 to 0, means for causing said detector to
detect any one. of the lines in said group having

"% @ calling condition thereon and to operate in each

of said digit registers the relay corresponding to
the numerical value- 6f the corresponding digit
in the designation of the detected line in said

.group of lines, & group of marking conductors
individually associated with each of said digit
registers, means controlled in accordance with the
operation of the different relays in each of said
digit registers for marking the conductors in the

.associated group of marking conductors in ac-
cordance with different code combinations, there-
by to identify the particular operated relay in the
associated ‘digit register, and means controlled in
accordance with the code markings of the con-
ductors in said groups for recording the digits in
the designation of said one line.

- 29. In a telephone system, an exchange hav-

of . particular numierical values, a plurality. of
detectors, each of said detectors being inde-
pendently operative to detect a calling line in
said group of lines and comprising said given
number of digit registers, means for initiating

- operation of said detectors, means controlled by
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the operation of each of said detectors for op-
erating the digit registers therein in accordance
with the numerical values of the corresponding
digits of the. designation of the line detected
thereby, a number of digit storing registers re-
spectively corresponding to the digit registers in
one of said detectors, and means for operating
said digit storing registers in_accordance with
the numerical values registered in the respec-
tive digit registers in said one detector in the
event the corresponding digit registers in said
detectors have registered therein the same

) numencal values. -
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32. In a telephone system, a ﬂrst exchange,
plurality of second exchanges, switching mecha-
nism for routing a call from said first exchange
to any one of sald second exchanges, means for
establishing a rate factor dependent upon the

-.one of said second exchanges to which a call is
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. directions,

ing a group of lines extending thereto, a tester, 75

routed from said first exchange, means for es-
tablishing a time factor dependent upon the -
duration of an established connection between -
said first exchange and one of said second ex-
changes, a plurality of two-motion calculating
switches, each of said calculating switches in-
cluding first and second magnets operative to
set the calculating switch in the two respective -
means - for selecting one of said’
calculating switches in accordance with one of
said established factors, means including a first

relay common to, said calculating switches for
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controlling the operation of the first magnet of
a selected one of sald calculating switches,

2,207,365

“means including a second relay common to said

calculating switches for controlling the opera-
tion of the second magnet of a selected one of
sald calculating switches, and ‘means governed
in accordance with the other of said established
factors for controlling said first relay and said
second relay. i

33. In a telephone system, a first exchange, a
plurality of second exchanges, switching mecha-
nism for routing a-call from said first exchange
to any one of said second exchanges, means for
"establishing a rate factor dependent upon the
one of said second exchanges to which a call
is routed from said first exchange, means for
establishing a time factor dependent upon the
duration of an established connection -between
said first exchange and one of said second ex-
changes, a plurality of two-motion calculating
switches, each of said calculating switches in-
‘cluding first and second magnets operative to
set the calculating switch in the two respective
directions, circuits for said magnets, automatic
switching means having access to the circuits
of said magnets and operative in accordance
with one of said established factors to select
simultaneously the circuits of the first and the
second magnets of one of said. calculating

switches, means including & first relay common.

to said calculating switches for controlling the
circuit of the first magnet of a selected one of
sald calculating switches, means including a
second relay common to said calculating switches
for controlling the circuit of the second magnet
of a selected one of said calculating switches,
and means governed -in accordance with the
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other of said established factors for controling

said first relay and said second relay.

34. In a télephone system, a first exchange, 2
plurality of second exchanges, lines extending to
each of said exchanges, switching mechanism

. operative to establish a connection between any
calling line in said first exchange and any called
line in any one of said second exchanges, means
for controlling said switching mechanism, a rate
factor selector, a timer, means controlled when
said switching mechanism is operated to establish
a connection between a calling line in said first
exchange and a called line in a particular one of
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said second exchanges for operating said selector

to select a rate factor applicable to the call and
for initiating operation of said timer, means con-
trolled when said switching mechanism is re-
leased for arresting the operation of said timer,
thereby to establish a time factor, first and sec-
ond registers in said first exchange, means con-
trolled by the operation of said selector for oper-
ating said first register to register the rate fac-
tor, and means controlled by the operation of
said timer to establish a time factor for operating
_said second register to register the time factor.
35, In a telephone system, an exchange hav-
ing a group of lines extending thereto, a plural-
ity of detectors, each of said detectors being in-
dependently operative to detect a line in said
group of lines having a calling condition thereon,
means for initiating operation of said detectors
when a calling condition is present upon a line
in said group of lines, and means for producing
a registration corresponding to the detected line
in said group of lines in the event said detectors
detect the same line in said group of lines.
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36. In a telephone system, an exchange having'
a group of lines extending thereto, each of said
lines being assigned a directory number, a plu-
rality of detectors, each of sald detectors being
individually operative to detect the directory
number of a calling line in said group of lnes,
means for initiating operation of said detectors, .
a register, and means for operating said register
to identify the directory number of the detected
line in said group of lines in the event said de-
tectors detect the same directory number of the
calling line in said group of lines.

37. In a telephone system, a group of lines di-
vided into a plurality of progressively smaller
sub-groups of lines, switching apparatus having
access to said group of lines, a tester, means ré-
sponsive to the presence of a calling line in said
group of lines for progressively operating said
switching apparatus through a plurality of suc-
cessive stages to connect progressively smaller
subgroups of said group of lines including said
calling line to said tester and then for progres-
sively operating said switching apparatus through
a final stage to connect progressively the lines
in the smallest subgroup of sald group of lines
including said calling line to said tester, and
means governed by said tester in response to the
progressive operation of said switching apparatus
through said successive stages and the progres-
sive operation of said switching apparatus
through said final stage for identifying both
the progressively smaller subgroups of said group
of lines including said calling line and the po-
sition of said calling line in the smallest sub-
group of said group of lines.

. 38. In a telephone system, a group of lines di-
vided into a plurality of progressively smaller
subgroups of Ines, switching apparatus having ac-
cess to said group of lines, a tester, means re-
sponsive to the presence of a calling line in said
group of lines for progressively operating said
switching apparatus through a plurality of suc-
cessive stages to connect progressively smaller
subgroups of said group of lines including said
calling line to said tester and then for progres-
sively operating said switching apparatus
through a final stage to connect progressively the
lines in the smallest subgroup of said group of
lines including said calling line to said tester, a
set of registers, and means governed by said test-
er in response to the progressive operation of
said switching apparatus through said successive
stages and the progressive operation of said
switching apparatus through said final stage for
storing in said set of registers identifications of
both the progressively smaller subgroups of said
group of lines including said calling line and
the position of said calling line in the smallest
subgroup of said group of lines.

39. In a telephone system, & group of lines di-
vided into a plurality of progressively smaller
subgroups of lines, switching apparatus having
access to said group of lines, & set of counting
relays, a set of cycle relays, means for cyclically
operating said counting relays and for progres-
sively operating said cycle relays, means respon-
sive to the presence of a calling line in said group
of lines for governing said last-mentioned means,
whereby said switching apparatus is progressive-
ly operated through a. plurality of successive
stages to select progressively smaller subgroups
of said group of lines including said calling line
and then operated progressively through a final
stage to select progressively the lines in the
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smallest subgroup of said group of lines umtil
sald calling line is selected, and means pov-
erned by the progressive operation of said

switching apparatus through sald successive

stages and the. progressive operation of said
switching apparatus through said final stage for

identifying both the progressively smaller sub- -

groups of said group of lines including said call~
ing lIine and the position of said calling line in
the smallest subgroup of said group of lines. -

40. In a telephone system, a group of lines di-
vided into a plurality of progressively smaller
subgroups of lines, switching apparatus having

. access to said group of lines, a set of counting re-
" lays, & set of cycle relays, means including an

electric discharge device for cyclically operating
said counting relays and for progressively oper-

ating said cycle relays, means responsive fo the

presence of a calling line in said group -of lines

* for governing said last-mentioned means, where-

by said switching apparatus is progressively oper-
ated through & plurality of successive stages to

‘select progressively smaller subgroups of said

group of lines including said calling line and then

cperated progressively through a final stage to

select progressively the lines in the smallest sub-
group of said group of lines until said calling line
i: selected, and means governed by the progres-
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slve operation of said switching apparatus -

shrough said successive stages and the progres-

sive operation of said switching apparatus
through said final stage for identifying both the
progressively smaller subgroups of said group of
lines including said calling line and the position
of said calling line in the smallest subgroup of
said group of lines.

41, In a telephone system including a plurality
of lines arranged in a group; a detector having
access to said lines; said detector comprising a
number of cross-bar switches, each including

- first and second groups of bars arranged in cross-

ing relationship; and meahs for operating suc-
cessively a first subgroup of the first group of
bars and the second group of bars in a first of
said cross-bar switches, then a second subgroup
of said first group of bars and said second group
of bars in said first cross-bar switch, then a first
subgroup of the first group of bars and the sec-
ond group of bars in a second of said cross-bar
switches, etc., until a subgroup of said group of
lines is detected which includes a calling line,
thereby to detect said last-mentioned subgroup
of lines. .

" 42, In a telephone system including a plurality
of lines arranged in a group; & detector having
access to said lines; said detector comprising a
number of cross-bar -switches, each including
first and second groups of bars arranged in cross-
ing relationships; and means for operating suc-
cessively in & given one of said cross-bar switches
a first bar in said first group of bars and a first
subgroup of bars in said second group of bars,
then said first bar in said first group of bars

" and a second subgroup of bars in sald second

group of bars, then a second bar in said first
group of bars and said first subgroup of bars in
said second group of bars, etc., until a sub-
subgroup of a subgroup of said group of lines
accessible to said glven cross-bar switch is de-

' tected which includes a calling line, thereby to
‘detect said last-mentioned sub-subgroup of lines.

43, In a telephone system, a trunk ecircuit in-
cluding two line conductors, said trunk circuit
being provided with a first impulsing path in-
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ond impulsing path including only one of said
line conductors, & register sender Including a
digit register and an impulse sender, means for

selectively operating said . digit reglster and
means controlled by the operation-of sald digit

_register for selecting one of said impulsing paths

and then for operating said impulse seénder to
send. impulses over said selected impulsing path.
44, In a telephone system, a trunk circuit in- .
cluding two line conductors, said-trunk circuit
being provided with a first digit path including
both of said line conductors and a second -digit
path including only one of said line conductors-
and -an impulsing path including the other of
sald line conductors, a register sender including
a digit register and a digit sender and an impulse
sender, means for selectively operating said digit
register, means controlled by a first operation of .
said digit register for causing said digit sender to
send digits over said first digit path, and means
controlled by a -second operation of said digit.
register for causing said-digit sender to send
digits over said second digit path and for causing '
sald impulse sender to send impulses over said

vimpulsing path,

45. In a telephone system a trunk circuit in-
cluding two Une conductors, a register sender
including a digit register and a digit sender and
an impulse sender, means for selectively oper-.
ating said digit register, means controlled by a
first operation of said -digit register for causing
said digit sender to send digits over both of said

- line conductors, and means controlled by a sec-.

ond operation of said digit register for causing

"said digit sender to send digits over one of said

line conductors and for causing said impulse
sender to send impulses over the other of said
line conductors.

46. In a telephone system, a trunk circuit in-

cluding a digit path and an impulsing path, a

register sender including a digit register and a
digit sender and an impulse sender, said digit
sender ‘being operative to send digits over said
digit path and said impulse sender being oper-
ative to send impulses over said impulsing path,
means for selectively operating said digit regis-
ter, and means controlled by the operation of said
digit register for operating said digit sender in
accordance with the routing of a connection over -
said trunk circuit. and for simultaneously oper-

- ating said impulse sender in accordance with. -
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“certain record information pertaining to the

connection,

47, In a telephone system, & trunk circuit in-
cluding two line conductors, a register sender
including a digit register and a digit sender and
an impulse sender, said digit sender being oper-
ative to send digits over one of said line conduc-
tors and said impulse sender being operative to
send impulses over the other of said line conduc--
tors, means for selectlvely operating said digit
register, and means controlled by the operation
of said digit register for operating said digit
sender in accordance with’ the routing of a con-
nection over said trunk circuit and for simul-
taneously operating said impulse serder in ac-
cordance with certain record information per-
taining to the connection.

48. In g telephone system, a plurality of lines,
a switch train operative in response to numerical
digits transmitter thereto to set up connections

" between said lines, a register operative in response

to code digits transmitted thereto to store cer-
tain items of record information pertaining to a

cluding both of said line conductors and a sec- 76 connection, and means for transmitting simul~
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taneously numerical digits to said ‘switch train
and code digits to said register.

49, In a telephone system, a~ trunk ecircuit,

switching apparatus associated with said trunk

circuit and operative in response to numerical

digits transmitted thereover to set up a tele-
phone connection, a register associated with said
trunk circuit and operative in response to code
digits transmitted thereover to store certain items
of record information pertaining to a telephone
connection, and means including a register send-
er “for' transmitting simultaneously over said
trunk: circuit numerical and code digits.

750.In a telephone system, & plurality .of ex-
changes, each of said exchanges comprising col-

lecting apparatus and registering apparatus and

printing apparatus, said printing apparatus be-
ing operative to print ordinary language char-
acters, switching apparatus for setting up tele-
_phone connections between said exchanges,
means controlled incident to the setting up of
a connection from an originating exchange to a
terminating exchange for causing the collect-
ing apparatus in the originating exchange to col-
lect certain items of record information pertain-
ing to the connection and to store the collected
jtems in the registering apparatus in the orig-
inating exchange, and means controlled incident
to the termination of a connection between an
originating exchange and a terminating exchange
and governed in accordance with the items per-
taining to the connection mentioned stored in
the registering apparatus in the originating ex-
change for selectively operating the printing ap-
paratus in the originating exchange to print
the items mentioned on a ticket individual to
the connection mentioned.

51, In a telephone system, a plurality of ex-
changes, each of said exchanges comprising col-
lecting apparatus and registering apparatus and
calculating apparatus and recording apparatus,
switching apparatus for setting up telephone con-
nections between said exchanges, means controlled
incident to the setting up of a connection from
an originating exchange to a terminating ex-
change for causing the collecting apparatus in
the originating exchange to collect certain items
of record information pertaining to the connec-
tion and to store the collected items in the reg-
istering apparatus in the originating exchange,
means controlled incident to the termination
of a connection between an originating exchange
and a terminating exchange for causing the cal-
culating apparatus in the originating exchange
to establish a cost item pertaining to the con-
nection in accordance with both the originating
exchange and terminating exchange involved
therein and the duration of the connection and
to store the established cost item in the regis-
tering apparatus in the originating exchange, and
means controlled incident to the termination of
a conhection between an originating exchange
and a terminating exchange for causing the re-
cording apparatus in the originating exchange
to make a record of the items pertaining to the
connection stored in the registering apparatus
in the originating exchange.

52. In a telephone system, a plurality of ex-
changes, each of said exchanges comprising col-
lecting apparatus and registering apparatus and
calculating apparatus and recording apparatus,
switching apparatus for setting up telephone con-
nections hetween said exchanges, means con-
trolled incident to the setting up of a connection
from an originating exchange to a terminating

‘
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exchange for causing the collecting apparatus

_in the originating exchange to collect certain
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“items of record mforma.tmn ‘pertaining to the

connection and to store ‘the collected items in
the registering apparatus in the originating ex-
change, means controlled incident to the ter-
mination of a connection between an originating
exchange and a terminating exchange for causing
the calculating apparatus in the ongma.tmg ex-
change to establish & cost item pertammg to the
connection in accordance with both the originat-
ing exchange and terminating ‘exchange involved
therein and the duration of the connection and
to store the established. cost item in the regis-
tering apparatus in the originating exchange,
and means controlled incident to the termina-
tion of a connection between an originating ex-
change and a terminating exchange for causing
the recording apparatus in the originating ex-
change to make a record indiyidual to the con-
nection of the items pertaining thereto stored in
the registering apnaratus in the ongmatmg ex-
change.

53. In a telephone system, a plurahty of ex-
changes, each of said exchanges comprising col-
lecting apparatus and registering apparatus and
calculating apparatus and printing apparatus,
said printing apparatus being operative to print
ordinary language characters, switching appa-
ratus for setting up telephone connections be-
tween said exchanges, means controlled incident
to the setting up of a connection from an orig-
inating exchange to a terminating exchange for
causing the collecting apparatus in the originat-
ing exchange to collect certain items of record

. information pertaining to the connection and to

store the collected items in the registering appa-
ratus in the originating exchange, means con-
trolled incident to the termination of a connec-
tion between an originating exchange and a ter-
minating exchange for causing the calculating
apparatus in the originating exchange to estab-
lish a cost item pertaining to the connection in
accordance with both the originating exchange
and terminating exchange involved therein and
the duration of the connection and to store the
established cost item in the registerihg apparatus
in the originating exchange, and means con-

“trolled incident to the termination of a connec-

tion between an originating exchange and a ter-
minating exchange .and governed in accordance
with the items pertaining to the connection men-
tioned stored in the registering apparatus in the
originating exchange for selectively operating
the printing apparatus in the originating ex-
change to print the ijtems mentioned on a ticket
individual to the connection mentioned.

54, In a telephone system, a plurality of ex-
changes, switching apparatus including links and
operative to set up connections between said ex-
changes, means for selectively operating said
switching apparatus, means controlled in accord-
ance with the exchanges included in a connec-
tion for establishing a rate factor applicable to
the connection, means confrolled in accordance
with the duration of a connection for establish-
ing a time factor applicable to the connection, a
calculating device operative to assess a charge
for a connection, means controlled upon the ter-
mination of a given connection for associating
said calculating device therewith, means con-
trolled jointly in accordance with the estab-
lished rate and time factors applicable to said
given connections for selectively operating said
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calculating device, means for positively prevent-  to be released, & signal, and means controlled in

- ing the release of a link utilized in said given the event the link utilized in said given connec-

cannection prior to the association of said cal- ~ tion is not released within a predetermined time
culating device with said given connection, addi- interval following the termination of sald given
tional means controlled subsequent to the asso- ‘5 connection for controlling sald signal.

ciation of said calculating device with said given .

connection for causing the link utilized therein . JOHN ELLIS OSTLINE.
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