C. E. LOMAX 2,274,715

. CALLING APPARATUS

March 3, 1942.

Filed June 30, 1939

200/} %
QO\M \\\\Q\\ 4O} o7 m M
N .
. x|l ,~ /[ (WL \ &3
: 1< 37 -—H= N
: HEE: s Y39 A Z w
EICHEITIR. 19 4= GO/ =
2 b UOO\ 9007} \m,\\ [T
Q F04N0S ,ﬂ L mmm\ 2o/ H ) %Nm\ » -
CANIYENO DV Q\I\Awu 107 Q%\Vﬂ;\q NQDO@J AV% \VV\ , 6o a3 -
‘ R RS 1 .
— HOLIMS I_ oG} P 69 P R oy WWJ
2 NI Q\\m 7y L
, o el | = =
/ 7 7 : Lo
-} HOLIMS Hotims [ 1| HoLims J il 77/ GOJ ~ , —lfs |
0L IINNOD ~ [doio313s INTT A i 27 eV >»>> ooy W 9¢ (s
! 7 v son | |@ og
‘D e
" om -wm\l- -ﬁm@.\ = )
¢ £2 44 y aIzidr10d > ] _F
4 Holims eIh1y 1y OuiltL L1 -6y 1K
I EEITE] .U > ezl &
[2} ° T ————— o ——— — DG -t =
N ez’ U SE(| 2
. AY
_ g gz’ ver
0% 8/ Yl
[] HoLims HOLIMS | T HOLims _>_ @

ATTORNEYS.



Patented Mar. 3, 1942 "

| 2,274,715

UNITED STATES PATENT ‘OFFICE

2,274,115
CALLING APPARATUS

Clarence E. Lomax, Oak Park, Ill,, assignor to
Associated Electric Laboratories, Inc., Chicago,
111, a corporation of Delaware

Application June 30, 1939, Serial No. 282,016
14 Claims. (Cl. 179—18)

The present invention relates to calling appa-
ratus adapted for use in automatic telephone
systems and has for one of its objects the pro-
vision of improved calling apparatus which may
be provided at one of the substations of an auto-
matic telephone system and is operative auto-
matically to forward calls incoming to the sub-
station to another substation of the system, and
also to route calls originating at the substation
to other substations of the system.

It is another object of the invention to provide
apparatus of the character described which is
arranged in an improved manner such that the
same impulse sender may be used both as a call
initiating and as a call forwarding instrumen-
tality.

It is a further object of the invention to pro-
vide in an automatic telephone system improved
apparatus of the character described which is
economical to manufacture and install, is
adapted for use in conjunction with automatic
switching apparatus of substantially all types,
and is thoroughly reliable in operation.

The invention is illustrated in its embodiment
in an automatic telephone system which com-
prises a plurality of substations and automatic
switching apparatus including. non-numerical
and impulse responsive numerical swifches for
setting up connections between the lines extend-
ing to the substations. One of the substations of
the system is illustrated as being equipped for
call forwarding service; two lines extending be-
tween this substation and the automatic switch-
ing apparatus of the line terminating exchange

being provided for handling calls involving this.

substation. The calling apparatus provided at
the substation comprises a plural digit impulse
sender and means for selectively connecting the
sender to transmit switch control impulses over
either of the two associated lines. When oper-
atively associated with one of the two lines the
impulse sender is manually controllable to oper-
ate as a plural digit calling device. There is also
provided apparatus which is operative in re-
sponse to a call routed to the substation for ini-
tiating the operation of the impulse sender only
when the sender is connected to transmit im-
pulses over a particular one of the two asso-
ciated lines. The Ilast-mentioned apparatus
comprises a cyclically operative control device,
the operation of which is initiated in response
to a call routed to the indicated substation. This
control device is arranged to control means for
initiating the operation of the impulse sender a
predefermined time inferval after operation of
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the control device is initiated. By virtue of this
arrangement, transmission of impulses from the
impulse sender to the automatic switching appa-
ratus of the line terminating exchange is de-
layed for a time interval during which a seized
one of the non-numerical switches provided in
the exchange may operate to select an idle one
of the first numerical switches to which it has
access. 'The arrangement is such that the
switches through which the call is forwarded
are held operated for a substantial time interval,
determined by operation of the above-mentioned
control device, after the impulse transmission is
completed. By virtue of this arrangement, a
period is provided during which the substation
to which the call is forwarded may be signaled
and the call answered.

Further features of the invention pertain to
the particular arrangement of the. circuit. ele-
ments, whereby the above and additional oper-
ating features are attained. :

The novel features believed to be character-
istic of the invention are set forth with partic-
ularity in the appended claims. .The invention,
both as to its organization and method of oper-
ation, together with further objects and ad-
vantages thereof will best be understood by ref-
erence to the specification taken in connection
with the accompanying drawing in which the
single figure illustrates an automatic telephone
system having  incorporated therein improved
calling apparatus of the character briefly de-
scribed above.

-Briefly described, the system illustrated in the
drawing comprises a plurality of substations A,
B and C individually associated with the lines
10, 1l and 12 in the order named; which lines
all extend to the automatic switching apparatus
provided in the line terminating exchange. 'This
apparatus comprises line switches 14, {5 and 8
individually associated with the lines {8, 1 and
12, a plurality of impulse responsive selector
switches including the two switches indicated at
18 and 19 and a plurality of impulse responsive
connector switches, two of which are: indicated
at 20 and 21 respectively. The system further
comprises call forwarding apparatus connected
and arranged in accordance with the present in-
vention and individually associated with the sub-
station B. The arrangement of this apparatus
is such that an auxiliary call forwarding line 22
extending from the substation B to the automatic
switching apparatus of the line terminating ex-

change and a line switch 23 for serving the line

22, are required,
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The line switches {4, 15, 16 and 23 are com-
monly known as non-numerical switches for the
reason that they perform no line selecting oper-
ations other than the selection of trunk lines ex~
tending to idle ones of the first selector switches.
Preferably, these line switches are of the well-
known rotary type of which several commercial
embodiments are available. The selector and
connector switches of the system are commonly
known as numerical switches for the reason that
they are directively controllable in accordance
with impulses transmitted thereto to perform
line group, sub-group and particular line select-
ing functions. Preferably, these switches are of
the well-known Strowger type each having em-
bodied therein a Strowger switching mechanism
utilizing vertical and rotary motions in its oper-
ation to select an outgoing line. Obviously, the
control apparatus embodied in the selector and
connector switches is different in each instance
depending upon the particular character of the
switch.

In brief, the apparatus provided at the sub-
station B comprises a transmitter 24, a receiver
25, a hook switch including the contact springs
26, and a calling device 2T which is of the well-
known dial operated type and includes a pair of
pulsing springs 28 and a pair of shunt springs
29, The apparatus further comprises a ringer 30
having its windings bridged across the conductors
of the line 11 in series with a condenser 31 so that
it is energized and operates in response to ring-
ing current transmitted over the line 1{.

Neglecting for the present the arrangement of
the call forwarding apparatus provided at the
substation B, the system as described above is
entirely conventional in form and its mode of
operation is well understood in the art. Briefly
described, if a subscriber at the substation B,
for example, initiates a call intended for the
substation A, by removing the receiver 25 from
its supporting hook, the hook-switch springs 26
are engaged and a calling loop circuit is com-
pleted by way of the line {1 for initiating the op-
eration of the line switch 15. 'This line switch
responds to the completion of the calling loop
circuit by operating to select a trunk line extend-
ing to an idle one of the first selector switches.
If the selector switch 18 is the first available idle
selector switch accessible to the line switch {5,
the last-mentioned switch, upon testing the con-
dition of the trunk line extending to the selector
switch 18 and finding this line to be idle, op-
erates to extend the calling loop circuit to the in-
dicated selector switch. The control apparatus
of the seized selector switch 18 now operates to
return the usual dial tone signal to the calling
subscriber. In order directively to control the
automatic switching apparatus provided in the
exchange so that the call will be forwarded to
the desired substation, the calling party, after re-
moving the receiver 25 from its supporting hook,
operates the dial of the calling device 27 in ac-
cordance with the digits of the directory number
designating the desired substation. Each time
the dial of the calling device 27 is moved off-
normal, the shunt springs 29 are closed to com-
plete an obvious path for short circuiting the
transmitter 24 and the receiver 25. During each
return movement of the dial, the pulsing springs
20 are opened one or more times, determined by
the numerical value of the digit dialed, to trans-
mit one or more impulses over the established

calling loop circuit to the automatic switching -

apparatus provided in the exchange. The seized
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selector switeh 18 responds to the impulses of the
first digit dialed at the substation B by elevating
its wipers to a position opposite the level of bank
contacts terminating the trunk lines extending
to the connector switches having access to the
called line 18. Yurther, the control apparatus
of the seized selector switch 18 operates to ter-
minate the dial tone signal in response to the
impulses  of this digit. During the interdigit
pause between the first and second digits, the
wipers of the selector switch 18 are rotated step
by step in the usual manner successively to test
the condition of the trunk lines respectively ex-
tending to the connector switches of the selected
group. If the connector switch 20 is the first
available idle switch of the selected group, the
rotary movement of the wipers embodied in the
selector switch 18 is arrested when these wipers
engage the contacts terminating the conductors
of the frunk line incoming to this connector
switch. Further, the control apparatus of the
selector switch (8 functions to extend the calling
loop circuit to the selected connector switch 20.
The connector switch 20 responds to the im-
pulses of the second digit dialed at the calling
substation by elevating its wipers to a position
opposite the level of bank contacts terminating
the group of lines including the called line 0.
In response to the impulses of the third digit
dialed at the calling substation, these wipers are
rotated into engagement with the particular set
of bank contacts at which the conductors of the

" line 10 are terminated. Following the selection
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of the called line, in the manner just explained,
the control apparatus embodied in the connector
switch 28 functions to determine the idle or busy
condition of the selected line and to transmit the
usual busy tone signal over the calling loop circuit
to the calling subscriber in the event the called
line is busy. If the called line is found to be
idle, the control equipment embodied in the con-
nector switch functions to transmit ringing cur-
rent over the called line for the purpose of en-
ergizing the ringer conventionally provided at
the called substation A and over the calling line
to signal the calling party that the called sub-
station is being rung. When the call is answered
at the called substation, a direct current bridge
is connected across the conductors of the line
10, thereby to complete a circuit for energizing
the ring cut-off relay conventionally embodied
in the control equipment of the operated con-
nector switch. This relay, upon operating, func-
tions to terminate the ringing operation, to arrest
the ring-back tone signal and to complete the
desired conversational circuit between the call-
ing and called substation. When the ring cut-off
relay operates, a loop circuit including the line i
is established between the connector switch 20
and the substation A, which loop circuit extends
through the windings of the back bridge or bat-
tery reversing relay conventionally embodied in
the connector switch 26. The resulting opera-
tion of this back bridge relay causes the direction
of current flow over the calling loop circuit to be
reversed in the usual manner. This current re-
versal may be utilized for varicus control func-
tions such as call metering or the like. The
manner in which the connection is released de-
pends upon the particular arrangement of the
control apparatus embodied in the connector
switch 2. PFor example, this apparatus may be
so arranged that the operated switeh train is
not released until the connection is cleared out at
both the calling and called substations. Alter-
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natively, the control apparatus of the connector
switch 20 may be so arranged that the release of
the switeh train is entirely under the control of
the calling subscriber. Assuming that the lat-
ter arrangement is employed, when the calling
party replaces the receiver 25 upon its support-
ing hook, the calling loop circuit is interrupted
at the switchhook springs 26 with the result that
the connector switch 20, the selector switch 18
and the line switch 15 are successively released
in the order named and in a2 manner well under-
stood in the art. When these switches are all re-
stored to normal, the calling and called lines il
and 10 are marked as idle in the connector
switches having access thereto and the apparatus
utilized in completing the connection is rendered
available for further use.' In view of the fore-
going description, it is believed that the manner
in which connections may be established between
the other substations of the system will be clear-
ly apparent-without further explanation. -
Referring now more particularly to the ar-
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rangement of the call forwarding apparatus pro- .

vided at the substation B, this apparatus com-
prises a cyclically operative impulse sender which
includes a plurality of control elements or cams
individually corresponding to the substations to
which calls are to be routed. One such cam is
indicated at 100, this cam .individually corre-
sponding to the substation C associated with
the subscriber’s line 12. Each of the control ele-
ments or cams is notched around its periphery
to provide a camming surface for controlling
8 pair of impulse shunting springs {01 ang a
pair of additional shunt springs 102. These two
sets of springs are manually movable transversely
with respect to the control cams to be controlled
by any selected one of the cams. The impulse
sender further comprises an impulsing cam {05
which is arranged to operate a pair of pulsing
springs 188. An additional control element or
cam (87 is provided which is arranged to con-
trol a pair of contact springs 108. For the pur-
pose of driving the enumerated control cams
there is provided a small synchronous motor 109
of the self-starting type which is arranged to
be energized from the usual 110-volt commercial
frequency current source. More particularly,
this motor is arranged to drive a shaft 110, upon

which the station selecting control elements in-

cluding the element {00 and the control cam
187 are mounted, through a speed reducing gear
train {f{. The shaft 110 is, in turn, geared to
drive a shaft (12, upon which the pulsing cam

165 is mounted, through a speed increasing gear !

train (13. Preferably, the gear ratio of the
train i1 is such that the station selecting cams
and the control cam 107, carried by the shaft
110, are rotated at a speed of approximately five
revolutions per minute. The gear ratio of the
train 13 is such that the impulsing cam is
driven at a speed of approximately 600 revolu-
tions per minute corresponding to an impulsing
rate or approximately ten impulses per second.

If desired, the mechanical construction of the g

impulsing device may he substantially similar to
that disclosed in the copending application of
Hans Sengebusch, Serial No. 147,831, filed June
12, 1937, now Patent No. 2,209,615, granted July
30, 1940. The impulse sender, just described, is
normally connected to transmit impulses over
the line 11. In order to initiate the operation
of the impulse sender there is provided a man-
unally operable switch of the push button type.
This switch comprises a pair of contact springs
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114 and an operating buttonn 115 for moving the
springs 114 into engagement. -Preferably, this
switch is of the non-locking type such that, when
operated to its off-normal position and released,
it immediately assumes its normal position.

In order operatively to adssociate the impulse
sender with the call forwarding line 22 there is
provided a manually operable transfer switch 116
of the locking type. When thus operatively as-
sociated with the line 22, operation of the im-
pulse sender is initiated in response to calls
routed to the substation B under the control of
a control device which comprises a pair of motor
driven control cams 1171 and {18 mounted: upon
a shaft 123 which is arranged to be driven by
a motor 124 through a speed reducing gear train
125. The control cam 117 is arranged to operate
three pairs of contact springs 119, 120 and 121,
The cam (18 is arranged to control a pair of
contact springs 122 which are included in the
operating circuit for the impulse sender driving
motor 189. The motor 124 is of the self-starting
synchronous type and may be energized from the
usual commercial frequency alternating current
source. In order to initiate the operation of the
control device, just described, there is provided
an alternating current relay 130 which is ar-
ranged to be bridged across the conductors of the
line I in series with a condenser 132 when the
transfer switch {6 is operated to its off-normal
position. ~ : o

The line connecting equipment of the call
forwarding apparatus includes a repeating coil
133 having a winding 134 adapted to be connected
across the conductors of the line 11, and a wind-
ing 135 which is adapted to be serially connected
in a calling loop circuit including the auxiliary
line 22 and extending to the line switch 23. The
completion of a talking circuit between the lines
[l and 22 is under the control of a.polarized
back bridge relay (40 which is preferably of the
permanent magnet type. 'This relay includes an
operating winding which is adapted to be con-
nected in series with the winding 135 of the re-
peating coil 133 across the conductors of the
auxiliary line 22. A condenser 143, shunting
the relay 140, is provided for the purpose of by-
passing voice frequency currents around the

.winding of this relay.

Referring now more particularly to the opera-
tion of the calling apparatus provided at the sub-
station B, it is pointed out that the transfer
switch {16 normally occupies the position illus-
trated. in the drawing. With the transfer switch
in this position, if it is desired to utilize the im-
pulse sender in initiating a call at the substation
B, the contact springs 101 and 102 are positioned
to be controlled by the cam, such, for example,
as the cam 100, corresponding to the desired sub-
station, following which, the receiver 25 is re-
moved from.its supporting hook and the button
19 is depressed to complete the operating circuit
for the motor 169. When the receiver 25 is re-
moved from its supporting . hook the switch
springs 26 are engaged to complete a loop circuit
to the line switch 15. ‘This loop circuit extends
by way of the line conductor {l., the switch
springs 26, the transmitter 24, the receiver 25,
the pulsing springs 28, the contact springs 146
and {41, the pulsing springs 186, as shunted by
the springs 101, the contact springs 149 and 148
and the line conductor t1s. When this loop cir-
cuit is completed, the line switch 15 operates in
the manner pointed out .above to select an.idle
one of the first selector switches, such, for ex-




4

ample, as the switch 18, to which it has access.
When the operating button {15 is depressed, the
contact springs (14 are moved into engagement
to complete an obvious circuit for energizing the
motor 109. During the initial operation of the
motor, the cam 187 is moved off-normal to oper-
ate the contact springs 188 into engagement and
thus complete a circuit for maintaining the mo-
tor 188 energized until a cycle of operation of the
impulse sender is completed. From the above it
will be apparent that momentary operation of
the button 115 is sufficient to initiate the opera-
tion of the motor 109. Shortly following opera-
tion of the springs 108, the cam follower portion
of the spring 161, drops into the notch 100. pro-
vided in the peripheral surface of the cam 104,
As a result, the shunt springs 101 are disengaged
and the springs 182 are moved into engagement.
‘When the springs 101 are disengaged, the pulsing
springs 106 are operatively included in the above-
traced calling loop circuit so that the impulses
of the first digit designating the called substa-
tion C are transmitted over the loop circuit to
the seized first selector. switch 18. In this re-
gard, it will be apparent that the number of im-
pulses transmitted during the digit is determined
by the circumferential length of the notch 1802
formed in the peripheral surface of the cam 1060.
For example, if the directory number desighating
the substation C is 844, the length of the notch
109. will be so proportioned relative to the puls-
ing rate and the speed of rotation of the cam 106
that eight impulses will be transmitted over the
calling loop circuit during the interval when the
cam follower portion of the spring (0l is en-
gaging the peripheral surface of the cam 100
defined by this notch. In a similar manner, the
length of the second notch I0808y corresponding to
the second digit of the directory number desig-
nating the substation C is formed of a length
such that four impulses will be transmitted over
the calling loop circuit while the cam follower
portion of the spring 101. is engaging the periph-
eral surface defined by this second notch. Also,
the length of the notch (00 which determines
the number of impulses of the third digit, is such
that four impulses are transmitted over the call-
ing loop circuit by the pulsing springs 108 during
the interval when the cam follower portion of the
‘spring 191. is engaging the peripheral surface of
the cam (00 defined by this third notch. When
the springs 82 are moved into engagement, in
the manner pointed out above, a path is com-
pleted for short circuiting the transmitter 24 and
the receiver 25, this path extending from the line
terminal of the transmitter 24 by way of the con-
tact springs I51 and 152, the springs 102, the
springs 155 and 154, and the pulsing springs 28
to the line terminal of the receiver 25. The com-
pletion of this path serves to lower the resistance
of the calling loop circuit so that the impulses
may be more effectively transmitted thereover to
the automatic switching apparatus provided in
the line terminating exchange.

The selector switch {8 responds to the impulses
of the first digit by elevating its wipers to a po-
sition opposite the level of bank contacts termi-
nating the conductors of the frunk lines respec-
tively extending to the connector switches having
access to the called line {2. When the cam
follower portion of the shunt spring (0l. en-
gages the projection separating the notches 1002
and 180y of the cam (09, the shunt springs 101
are moved into engagement to complete an ob-
vious path in shunt with the pulsing springs 106
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so that the latter springs are no longer actively
included in the calling loop circuit. - Simul-
taneously, the springs 102 are disengaged to-open
the above-traced path short circuiting the trans-
mitter 24 and the receiver 25. The circumfer-
ential length of the projection separating the
two notches 180, and 1008» determines the dura-
tion of the interdigit pause between the first
and second digits of the directory number desig-
nating the substation C. During this pause, the
wipers of the selector switch {8 are rotated step
by step until a trunk line extending to an idle
one of the connector switches of the selected
group is found. Assuming, for example, that
the connector switch 28 is the first available
idle switch of the selected group, the selector
switch (8 seizes this connector switch and ex-
tends the calling loop circuit thereto. There-
after, and when the cam follower portion of the
shunt spring 101, drops into the notch 108, of
the cam 189, the pulsing springs i85 are again
actively included in the circuit so that the im-
pulses of the second digit are transmitted to the
connector switch 28. The connector switch 28
responds to the impulses of this digit by elevating
its wipers to a position opposite the level of
bank contacts terminating the group of ten sub-
scribers’ lines including the line 12. When the
cam follower portion of the spring (81, engages
the projection separating the notches 188y, and
180, the shunt springs {81 are again moved into
engagement to short circuit the pulsing springs
{06, thereby to terminate the impulses of the
second digit and to provide an interdigit pause
during which the control apparatus of the con-
nector switch 20 is conditioned to respend to the-
impulses making up the third digit of the di-
rectory number designating the substation C.
The impulses of the third digit are started when
the cam follower portion of the spring §04s drops
into  the notch 188: to again actively ineclude
the pulsing springs 186 in the calling loop circuit.
The connector switch 20 responds to the im-
pulses of the third digit by operating to select
the line 12 from the selected subgroup of lines.
The impulses of the third and final digit are
terminated when the cam follower portion of
the spring {08!, is moved out of the notch 100
and into engagement with its associated contact
spring. Shortly following the end of the third
digit the cams 108 and 187 are rotated to a po-
sition such that the cam follower portion of the
spring 108s drops into the notch formed in the
peripheral surface of the cam 181. In response
to this operation, the circuit for energizing the
motor 109 is interrupted, thus arresting the op-
eration of the impulse sender. From this point
on, the manner in which the desired conversa-
tional circuit is established hetween the calling
and called substation when the call is answered
at the called substation is exactly the same as
set forth above with reference to the call routed
to the substation A. The release of the connec-
tion is effected when the receiver 25 is replaced
upon its supporting hook to interrupt, at the
springs 26, the established ecalling loop circuit.
In order to condition the impulse sender to
operate as a call forwarding instrumentality, the
transfer switch 116 is operated to its off-normal
position. In respense to this operation, the con-
tact springs 144 are moved into engagement to
connect the alternating current relay (3¢ .across
the conductors of the line [{. At the contact
springs 146 to (49, inclusive, the telephone in-
strument provided at the substation B is discon-
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fiected from the line {1. At .the contact springs
145, 146, 149 and 150, a calling loop circuit in-
cluding the line 22 and extending to -the line
switch 23 is prepared. At the contact springs
151 and 152, a point is opened in the above-
traced path for short circuiting the transmitter
24 and the receiver 25. At the springs 152, 153,
185 and 156, a path is prepared for short circuit-
ing the winding of the relay 140 and the winding
135 of the repeating coil {33. . '
With the transfer switch 118 occupying its off-
normal position and the contact springs 101 and
102 positioned to be controlled by the cam 100, if

a call is routed from the substation A, for exam-

ple, through the line switch 14, the selector
switch 19 and the connector switch 21 to the
line i1, at a time when this line is idle, ringing
current is projected over the line, thereby  to
energize the alternating current relay 130 in par-
allel with the ringer 30. The path traversed by
this current extends by way of the line conduc-
tor 1las, the winding of the relay 130, the con-
denser 132, the contact springs {44 and the op-
posite line conductor {i». When energized by
current traversing this path, the relay 130 oper-
ates to complete, at its armature 131, an obvious
circuit for energizing the motor 124. During
the initial movement of the cam {{1, resulting
from the operation of the motor 124, the contact
springs (19 are moved into engagement to com-
plete an obvious multiple circuit for energizing
the motor 124 so that this motor is not deener-
gized until the initiated cycle of operation of
the control device is fully completed. At the
contact springs {21, also controlled by the cam
111, a loop circuit including the winding 134 is
completed by way of the line {| to the operated
connector switch 21, thereby to cause the opera-
tion of the ring cut-off and battery reversing re-
lays embodied in this connector switch in the
manner explained above with reference to the
operation of the connector switch 20. At the
contact springs 120, also controlled by the cam
- L1, the above-mentioned calling loop circuit ex-
tending by way of the line 22 to the line switch
23 is completed. This loop circuit extends by way
of the line conductor 22., the contact springs 120,
145 and 146, the pulsing springs 106, the contact
springs 149 and 150, the repeater winding 135,
the winding of the relay 140 and the line conduc-
tor 22v. The direction of current flow over this
loop circuit is such that the polarized relay 149
does not operate. The line switch 23 responds
to the completion of the above-traced loop cir-
cuit by operating to select an idle one of the
selector switches, such, for example, as the switch
18 to which if has access. A predetermined time
interval after rotation of the cams 17 and {18
is started the projection carried by the cam 118

is moved into engagement with the cam follower -

portion of the contact spring 122.. As a result,
the contact springs 122 are moved into engage-
ment to complete an operating circuit for the im-
pulse sender driving motor (09. The interval

which elapses between the initial operation of.the

control device and the completion of the operat-
ing circuit for the motor 109 is provided in order
to give the line switch 23 an opportunity to se-
lect an idle cne of the selector switches acces-
sible thereto before operation of the impulse
sender is initiated. -When the motor 189 is en-
ergized by way of the above-mentioned circuit,
including the contact springs {22, rotation of the
shafts 110 and 112 is initiated. During the
initial movement of the cam 197, the contact

5

5

springs 108 are moved into engagement to com-
plete an obvious multiple circuit for energizing
the motor 109. Shortly thereafter, the projec-
tion carried by the cam {3 is moved out of en-
gagement with the cam follower portion of the
contact springs 122, so that the initially com-.

- pleted circuit for energizing the motor 109 is in-
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terrupted. From this point on, the manner in
which the impulse sender operates to transmit
to the automatic switching apparatus the im-
pulses of the directory number designating the
substation C is exactly the same as described
above with reference to the call routed over the
line 11 and through the switches 5, I8 and 28
to the substation C. In this regard it is pointed
out that each time the cam follower portion of
the spring 181a. drops into one of the notches
formed in the peripheral surface of the cam 18§,
the springs 102 are moved into engagement to
complete the above-mentioned path for short
circuiting the winding {35 and the winding of the
relay 140. This path extends from the left ter-
minal of the winding 135 by way of the springs
156, 155, 102, 152 and 153 to the line conduc-
tor-22p,. When this path is completed, the re-
sistance of the calling loop circuit extending to
the line switch 23 is lowered so that the switch
control impulses are more effectively transmitted
thereover. The arrangement is such that the
cycle of operation of the impulse sender is com-
bleted a substantial time interval before the con-
trol device, including the cams {17 and 118, com-~
pletes its cycle of operation. Shortly following
the transmission of the impulses making up the
last digit of the directory number designating
the substation C, the cam 107 is rotated to its
normal position such that the cam follower por-
tion of the spring 108, drops into the notch
formed in the peripheral surface of the cam i0T
and the springs. {08 are disengaged to open an
operating circuit for the motor 189. Accordingly,
operation of the impulse sender is arrested. As-
suming that the switches 18 and 20 are utilized
in forwarding the call to the line 12, the connec-
tor switch 20 operates to test the called line for
the purpose of determining the idle or busy con-~
dition thereof during the interval required for
the. control device to complete its cycle of oper-
ation. If the called line is found to be busy,
busy tone current is returned over the loop cir-
cult extending to the repeater 133 and is trans-
mitted by induction through this repeater to the
established talking circuit extending to the call-
ing substation A, whereby the- calling party is
informed that the connection cannot be obtained.
In the event the called line 12 is idle at the
time it is selected, ringing current is projected
over this line for the purpose of energizing the
signal device provided at the called substation.
A portion of ringing current is by-passed over
the calling loop circuit extending to the repeater
133 and is transmitted through this repeater to
the established talking circuit extending to the
calling substation A. .Thus, the calling subscrib-
er is informed that the called substation is being
rung. In the event the call is answered at the
called substation during the interval required
for the control device to complete its cycle of
operation, the desired conversational circuit bhe-
tween the substations-A and C is established.
When the call is answered at the called substa-
tion, the ring cut-off and back bridge relays em-
bodied in the connector switch 20 are caused to
operate in the manner previously  explained.
When the indicated back bridge relay operates it
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over the loop circuit extending to the repeating
coil 133.

in shunt with the contact springs {20.
armature 142, the relay 1480 completes a path in
shunt with the springs 121. Due to the comple-
tion of these shunt paths, the established talk-
ing circuit- extending between the substations A
and C is not interrupted when the control de-
vice completes its cycle of operation.

the notch formed in the peripheral surface of
the cam {17 so that the springs 119, 120 and 121
are respectively disengaged. At the springs 119,
the circuit for energizing the- motor 124 is in-
terrupted. Thus, the motor- 124:is deenergized
and further operation of the control device is

prevented. The manner in which the switch

train, comprising the line switch 14, the selector
switch 19 and the connector switch: 21, is released
when the connection is cleared out at the call-
ing substation A is substantially similar to the
release of the connection described  above and
established bhetween the substations B and A.
When the connection is cleared out at the called
substation C, the back bridge relay embodied
in the connector switch 29 restores to again re-
verse the direction of current flow over the loop
circuit extending through the selector switch 18
and the line switch 23 fo the repeating coil 133.
In response to this operation, the polarized relay
{40 restores to open, at its armature {42, a point
in the established loop circuit extending from
the repeating coil 133 to the connector switeh 21.
At its armature (41, the relay 140 interrupts the
loop circuit extending by way-of the line 22, the
line switch 23 and the selector switch- 18 to the
operated connector switch 20. In response to
this operation, the enumerated switches are re-
leased in the order named and in the manner
previously explained.

In the event the call as forwarded to the sub-
station C is not answered within the time inter-
val required for the control device provided at
the substation B to complete its-cycle of opera-
tion, the switch train through which the call is
forwarded is released. More particularly, when
the cams 17 and {8 are returned to normal,
the contact springs (19, 120 and 21 are respec-
tively disengaged in the manner poinfed out
above. At the contact springs {20, the loop cir-
cuit extending by way of the line 22 and through
the line switch 23 and the- selector switch 18 to
the operated connector switch 20 is interrupted
causing these switches to restore to normal.
At the contact springs 12!, the loop circuit in-
cluding the winding (34 and extending to the
operated connector switch 2{ is also interrupted.
Thus, the busy tone signal or the ring-back tone
signal beihg transmitted to the calling subscriber
is terminated, thereby to inform the calling sub-
scriber that the call has failed. After the con-
trol device has been restored to normal in the
manner- just explained, further cperation thereof
can only be initiated by releasing the switch train
through which the connection is routed to the
line (1, and by routing a second connection to
the hne {1 so that the alternating current relay
{30 is again energized.

While there has been described what is at pres-
ent considered to ke the.preferred embodiment
of the invention, it will be understood that vari-

As a result, the polarized relay 140
operates to complete, at its armature 141, a path
At its

When-
the cams 117 and {18, embodied in the control
device, are rotated back to normal, the cam-
follower portion of the spring ({9 drops into
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functions fo. reverse the direction of current flow

ous modifications may be made therein, and
it is contemplated to cover in the appended
claims all such modifications as fall’within the
true spirit and scope of the 1nvent1on

- What is claimed is: .

1. In an automatic ‘telephone system, ‘g sub-
station, a pair of lines extending to said sub-
station, an impulse sender, means. for selectively
connecting said impulse sender to ftransmit
switch control impulses over either of said lines;
and means-operative in response to a call routed
to said substation for initiating the operation:
of said impulse sender only when said impulse
sender is connected to transmit 1mpulses over
a predetermined one of said lines. .

2. In an automatic telephone system, a sub-~
statlon a; pair of lines exfending to said sub-
station, an impulse sender normally operative to
transmit switch control impulses over one of
said lines, means for initiating the operation of
said sender, means for connecting said impulse
sender to transmit switch control impulses over
the other of said lines, and means adapted to
operate in response to a call routed to said one
line for initiating the operation of said im-
pulse sender to transmit switch control unpulses
over said other line.

3. In an automatic telephone system, a sub-
station, a pair of lines exftending to said sub-
station, an impulse sender including a driving
motor, a circuit for energizing said motor, means
for completing said circuit, ecircuits normally
arranged so that said impulse sender is operative
to transmit switch control impulses over one of

5+ said lines, switching means operative to rear-

range said circuits so that said impulse sender
is connected to transmit impulses over the other
of said lines, means adapted to operate in re-
sponse to a call routed to said one line to com-

y plete the operating circuit for said motor, and

means controlled by said- switching means for
conditioning said last-named means to- operate
in response to calls routed to said one line.

4, In an automatic telephone system, a sub-

5 station, a pair of lines extending to said sub-

station, an impulse sender normally operative
to transmit switch control impulses over one
of said lines, manually operable means for initi-
ating the operation of said sender, a cyclically
operative control device, means -for initiating the
operation of said control device, means for con-
necting said impulse sender to transmit im-
pulses over the other of said lines-and for con-
ditioning said last-named means to: operate in

s response to a call routed to said one line, and

means controlled by sald device for initiating the
operation of said impulse sender a predetermined
time: interval after operatlon of said dev1ce is
initiated.

5. In an automatic telephone system a sub-
station, a pair of lines extending to said substa~
tion, an impulse sender normally operative to
transmit switch control impulses over one of
said lines, a. first motor for driving said impulse
sender, a. first operating circuit for said first
motor, a manually operable switch for complet-
ing said first operating circuit, a cychcally opera-
tive control device, a second motor for driving
said. control device, a second operating circuit
for said second motor, a relay and means con-
trolled thereby for completing said second oper-
ating circuit, means for connecting said impulse
sender to transmit impulses over the other of
said lines and for connecting said relay to. re-
spend to.ringing current transmitted over said
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one line, and means controlled by said device for
completing said first circuit a predetermined
time interval after operation of said control de-
vice is initiated.

6. In an automatic telephone system, a sub-
station, a pair of lines extending to said substa-
tion, a cyclically operative impulse sender nor-
mally connected to transmit over one of said
lines the switch control impulses comprising the
directory number designating another substa-
tion of the system, a first motor for driving said
impulse sender, a first operating circuit for said
first motor, a manually operable switch for com-
pleting said first operating circuit, a cyclically
operative control device, a second motor for driv-
ing said control device, a second operating cir-
cuit for said second motor, a relay anhd means
controlled thereby for complefing said second
operating circuit, means for connecting said im-
pulse sender to transmit impulses over the other
of said lines and for connecting said relay to
respond to ringing current transmitted over said
one line, means controlled by said device for
completing, for a short time interval, said first
circuit a predetermined time interval after oper-
ation of said control device is initiated, means
controlled by said control device for holding said
second operating circuit completed independently
of said relay until an initiated cycle of operation
of said control device is completed, and means
controlled by said impulse sender for holding
said first operating circuit completed inde-
pendently of said switch or said control device
until an initiated cycle of operation of said im-
pulse sender is completed.

7. In an automatic telephone system includ-
ing a plurality of substations and means compris-
ing automatic switching apparatus for setting up
connections between said substations, call for-
warding apparatus including an impulse sender
for transmitting to said automatic switching
apparatus the impulses of the directory number
designating another of said substations, said
automatic switching apparatus including non-
numerical and impulse responsive numerical
switches operative in the order named to extend
a connection to said other substation, a control
device, means responsive to a call routed to said
one substation for initiating the operation of said
control device, means controlled by said device
for completing a calling loop circuit to said non-
numerical switch and for initiating the opera-
tion of said impulse sender a predetermined time
interval thereafter, and means controlled by said
device for interrupting said calling loop circuit a
predetermined time interval after operation of
said impulse sender to transmit said impulses is
ended.

8. In an automatic telephone system including
a plurality of substations and means comprising
impulse responsive automatic switches for setting
up connections between said substations, call
forwarding apparatus comprising a cyclically
cperative impulse sender associated with one of
said substations and operative to transmit to
sald automatic switching apparatus the impulses
of the directory number designating another of
said substations during each cycle of operation
thereof, a motor for driving said impulse sender,
first and second circuits for energizing said
motor, means responsive to a call routed to said
one substation for measuring a predetermined
time interval and for completing said first circuit
at the end of said time interval, and means con-
trolled by said impulse sender for completing
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said second circuit during the initial operation
of said impulse sender and for interrupting said
second circuit after said impulse sender has com-
pleted a cycle of operation. o

9. In an automatic telephone system including
a plurality of substations and means comprising
impulse responsive automatic switching appa-
ratus for setting up connections between said
substations, a line extending to one of said sub-
stations, a relay adapted to be bridged across the
conductors of said line to respond to ringing cur-
rent transmitted to said one substation on calls.
incoming thereto, call forwarding apparatus
comprising a cyclically operative impulse sender
associated with said line and operative to trans-
mit to said automatic switching apparatus the
impulses of the directory number designating
another of said substations, a. motor for driving
said impulse sender, a first circuit for energizing
said motor, means operative in response to
operation of said relay for measuring a predeter-
mined time interval and for completing said first
circuit at the end of said time interval, a second
circuit for energizing said motor, said second
circuit being completed in response to the initial
operation of said impulse sender, said automatic
switching apparatus including automatic switches
operative to extend a connection from said one
line to said other substation in response to the
impulses transmitted thereto from said impulse
sender, and means controlled by said impulse
sender for interrupting said second circuit after
said impulse sender has completed a cycle of
operation.

10. In an automatic telephone system includ-
ing a plurality of substations and means com-
prising impulse responsive automatic switching
apparatus for setting up connections between said
substations, call forwarding apparatus compris-
ing means provided at one of said substations
for transmitting to said automatic switching ap-
paratus the impulses of the directory number
designating another of said substations, a motor
for driving said impulse sender, means responsive
to a call routed to said one substation for initiat-
ing the operation of said motor, said automatic
switching apparatus including automatic
switches operative to extend a connection to said
other substation in response to the impulses
transmitted thereto from said impulse sender,
means included in said call forwarding apparatus
for holding said switches operated for an interval
after said impulse transmission is ended and for
then initiating the release of said switches, and .
means operative in the event the call as for-
warded to said other substation over said last-
mentioned connection is answered during said in-
terval for holding said switches operated inde-
pendently of said last-named means.

11. In an automatic telephone system including
a plurality of substations and means comprising
impulse responsive automatic switching appa-
ratus for setting up connections between said
substations, call forwarding apparatus provided
at one of said substations and including means
for transmitting to said automatic switching ap-
paratus the impulses of the directory number
designating another of said substations, and
means responsive to a call routed to said one
substation for initiating the operation of said
call forwarding apparatus, said automatic switch-~
ing apparatus including non-numerical and im-
pulse responsive numerical switches operative in
the order named to extend a connection to said
other substation in response to operation of said




8

call forwarding apparatus, said call forwarding
apparatus including control means so connected
and arranged that the transmission of impulses
from said call forwarding apparatus is delayed
for a predetermined time interval after operation
of said call forwarding apparatus is initiated,
whereby said non-numerical switeh is operated to
extend said connection to one of said numerical
switches, and said switches are held operated for
an interval after impulse transmission is ended,
whereby said other substation may be signaled
and the:forwarded call answered.

12, In an automatic telephone system ineclud-
ing a plurality of substations and means compris-
ing impulse responsive automatic switching ap-
paratus for setting up connections between said
substations, a line extending from said auto-
matic switching apparatus to one of said sub-
stations, a' repeater including a first winding
adapted to be connected to said line and a second
winding included in an incomplete calling loop
circuit extending to said automatic switching ap-
‘paratus, and call forwarding apparatus including
means operative in response to a call routed to
said line for completing said loop circuit and for
transmitting over said loop circuit to said auto-
matic switching apparatus the impulses of the
directory number designating another of said
substations to which said call is to be forwarded,
a polarized relay having an operating winding
included in said calling loop circuit and opera-
tive in response to the reversal of the direction
of current flow over said loop circuit which oc-
curs when the forwarded call is answered at said
other substation, and means controlled by said
relay for connecting said one winding to said line
and for holding said loop circuit completed, there-
by to establish a connection including said re-
peater and-exténding between said line and said
other substation. « = ¢
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13. Call forwarding apparatus adapted to be
associated with a substation of an automatic
telephone system and comprising, in combination,
an impulse sender, & first motor for driving said
impulse sender, a first operating circuit for said
first motor, a cyclically operative control device,
a second motor for driving said control device, a
second operating circuit for said second motor, a
relay operative to complete said second operating
circuit in response to a call routed to said sub-
station, and means controlled by said device for
completing said first operating circuit a prede-
termined time interval after operation of said
control device is initiated.

14. Call forwarding apparatus adapted to be
associated with a substation of an automatic tele-~
phone system and comprising, in combination, a
cyclically operative impulse sender, a motor for
driving said impulse sender, a first operating cire
cuit for said first motor, a cyclically operative
control device, a second motor for driving said
control device, a second operating circuit for said
second motor, a relay operative to complete said
second operating circuit in response to .a call
routed to said substation, means controlled by
said device for completing, for a short time inter-
val, said first circuit a predetermined time inter-
val after operation of said control device is in-
itiated, means controlled by said control device
for holding said second operating circuit com-
pleted independently of said relay until an in-
itiated cycle of operation of said control device is
completed, and means controlled by said im-
pulse sender for holding said first operating cir-
cuit completed independently of said control de-
vice until an initiated cycle of operation of said
impulse sender is completed.

CLARENCE E. LOMAX.



