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23 Claims.

The present invention relates to automatic:

telephone systems and has for one of its objects
the provision of improved ecall forwardingvap—
paratus of the general. character disclosed 'in
Patent No. 1,760,823, granted May 27, 1930, to
H. M. Friendly.

In the arrangement disclosed. in this patent
call forwarding apparatus is provided in the cen-
tral exchange of an automatic telephone system
which may be operatively associated with a sub-
scriber’s line to provide call forwarding service
and which, when conditioned for operation, fure-

10

tions to forward calls incoming to the lihe .

through the automatic switching apparatus em-
bodied in the exchange to another line of the
system. The call forwarding apparatus has em-
bodied therein a register which may be set so
that the call forwarding apparatus will function
to forward the calls to any desired subscriber’s

line of the system. In order to set the register.

it is necessary to transmit thereto the impulses
making up the directory number designating the

substation to which the calls are to be forward-.

ed. The particular arrangement disclosed re-
quires a large amount of complicated equipment
in order to obtain the desired end. Moreover,
each .substation for which call forwarding
service is to be provided must be equipped with
a special dial or calling device capable of trans-
mitting twelve impulses therefrom. In addition,
certain of the first selector switches of the sys-
tem must be specially designed so that they are
capable of operating twelve steps in a vertical
direction. Further, the arrangement is such
that the register embodied in the call forwarding
apparatus can only be set from the particular
substation which the apparatus is arranged to
serve.

It is an object of the present invention, there-
fore, to provide in an automatic telephone sys-
tem, improved call forwarding apparatus of the
general character described which is simple in
arrangement, is economical to manufacture and
install, and is thoroughly reliable in operation.

It is another object of the invention to provide
in an automatic telephone system, improved call
forwarding apparatus of the character described
which is so arranged that it may be conditioned
for operation over any line of the system: .

It is a further object of the invention to pro-
vide in an automatic telephone system, improved
call forwarding apparatus of the character de-
scribed wherein the apparatus may be set- to for-
ward calls incoming to the associated line to any
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desired one of a number of substa,tlons by trans-
mitting thereto a single digit of impulses.

It is & still further object of the invention to
provide improved call forwarding apparatus of

- the character described which is adapted for use

in ‘an’ automatic telephone system employing
practically any of the well-known types. of auto-
matic¢ switching apparatus without in any way
necessitating modmcatmn of the msta.lled equip-
ment,

The invention is illustrated in its embodiment

‘in an automatic telephone system which com-

prises a plurality of subscribers’ lines extending
to a line terminating exchange' and automatic -
switching equipment provided in the exchange:
for setting up connections between the ‘lines.

Briefly described, the call forwarding apparatus
comprises a register, means controllable over
any line of the system for variably sefting the
register in accordance with the directory designa-
tion of another of the subscribers’ lines, and ap-
paratus operative when a call is directed to the.
subscriber’s line arranged for call forwarding
service, under the condition of the register being
set, for causing the call to be routed to the one
of -the other lines of the systems which corre-
sponds to the setting of the register. More par-
ticularly, the call forwarding apparatus com-
prises an impulse sender for directively control-
ling the automatic switching apparatus to for-
ward ‘calls incoming to the associated line to a
selected one of the other lifies, and an impulse
responsive switch for selecting the one of the
other lines to which the calls are to be forwarded
and to control the operation of the impulse
sender in accordance with the line selected. - The
apparatus further comprises control means op-
erative to initiate the operation of the impulse
sender and & control circuit which is adapted to
be seized over a connection routed through the
automatic switching apparatus from any’ line of
the system. . This circuit includes means for re-
beating to the impulse responsive line selecting
switch impulses transmitted over the connection
extending to the.circuit, thereby to cause the im-
bulse responsive switch to ‘select the one of the
lines to which the calls are to be forwarded. The
control circuit further comprises means for con-
ditioning the above-mentioned control means to -
operate in response to a call routed to. the line
assceiated with the call ‘forwarding apparatus.

The arrangement is such that if a connection is
routed to the control circuit after the call for-
warding apparatus has been conditioned for op-
eration and is then released, the impulse respon-
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sive line selecting switch embodied in the ap-
paratus is released and the control means for in-
itiating the operation of the apparatus is ren-
dered nonresponsive to calls routed to the asso-
ciated line. There is further provided an ar-
rangement, operative when the control circuit is
seized, for transmitting a signal of one charac-
ter back over the established connection extend-
ing to the control circuit in the event the. call

forwarding apparatus is conditioned to respond 10

to calls incoming to the associated line and for
transmitting a signal of different character over

the established connection in the event the call”

forwarding apparatus is not conditioned to re-

-spond -to calls incoming to the associated: line. 15

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

The novel features believed to be charac’teri’s‘tic 20

of the invention are.set forth: with particularity
in the appended claims.. The invention, both as
to its organization and method of. operation, to-
gether. with furfther objects: and advantages

thereof. will: best Be understood by reference to o5

the specification taken in' connection with the
accompanying drawings in which Figures 1 and
2 illustrate an automatic telephone system hav-
ing incorporated therein call forwarding appara-

tus and control apparatus constructed and ar- 30

ranged in accordance with the present invention,
and Fig, 3 illustrates ‘a. modification. of the ap-
paratus which may be provided: for controlling
the call forwarding apparatus.

Briefly descriked, the system illustrated in.the 35-

drawings comprises: a plurality of substations A,
B and C individually associated with the sub-
scribers’ lines {8, 1{ and {2.in the order named;
which lines -all extend. to the automatic switch-

ing apparatus. provided. in the line terminating 40

exchange. This apparatus. comprises line
switches 13, {4 and {5 individually associated
with the lines 19, 11 and 12, a:plurality:of impulse
responsive selector switches. including the two

switches indicated at 18 and (7, and:a plurality: g3’

of impulse responsive connector switches, two. of
which are indicated at 18 and 18, respectively.
The system further comprises.call forwarding ap-
paratus illustrated in-detail in!Fig. 1’ which is in-

dividual to the substation A. In order to control zp-

this apparatus there is provided a control circuit

28 which is accessible to each of the first selector.

switches embodied in the linz terminating ex-
change. The arrangement of the call forwarding

apparatus as provided in conjunction with the 33

substation A, is such that-a repeating coil 169, a
link line 21 and a line switch 22 individual to'the
line 2! are utilized in forwarding calls incoming
to the line 18 to another line of the system, which

other line is predetermined in. accordance ‘with- éo'

the satting of the call forwarding apparatus.
The line switches I3, 14, |5 and 22 are com-

monly known as non-numerical switches for the.

reason that they perform no line selecting. opera-

tions: other than the selection of trunk lines ex-' g5

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 comimonly pg’

known as numerical switches for the reason that
they are directively controllable in accordance
with impulses transmitted thereto to perform line
group, subgroup. and. partlcular line “sélecting
operations, Preferably,. ~the

5

‘Tast-menticned: 75° calling substation. "
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switches are of the well-known Strowger type, each
having embodied therein a Strowger switch-
ing mechanism utilizing vertical and rotary mo-
tions in the operation therecf to select an out-
going line. Obviously, the control apparatus em-
bodied in the selector and connector switches is
different in each case depending upon the char-
acter of the switch. In this regard it is. pointed
out that the control circuit 28, through opera-
tion of which control of the call forwarding ap-

- paratus is effected, may be rendered accessible to

‘the selector switches of the system by terminat-

_ing the. conductors of the link line extending
.thereto,in the first set of contacts of a dead con-

taet level, that is, the first set of contacts to be
engaged by the wipers of the respective switches
during rotary movement thereof when the wipers
are vertically positioned opposite the level con-
taining -the inactive contacts.

Neéglecting for the present the particular ar-
rarigement of the call forwarding apparatus and
the ¢ontrol circuit therefor, the system as de-
scribed: above is éntirely conventional 'in form
and its:modée of operation is well understood in
the art. Briefly described, if a subscriber at the
substation A, for example, initiates a call in-
tended for the substation B; by removing the
receiver provided at the substation A from its
supporting hook or cradle, a calling loop circuit
is completed by way of the line {8 for-initiating
the operation of the:line switch (3. This line.
switch responds to the completion of the calling

loop circuit by operating. to-select a trunk line

extending to an- idle one of the first selector
switches.. If the selector switch {8 is the first
available idle: selector switch accessible to the:
line switch ‘13, the ‘last-mentioned switch, upon
testing the condition of the trunk linz extending
to the selector switch- 16-and; finding this lineito
be-idle; operates to extend the calling loop circuit
to the-indicated selector switch. 'In response to.
this-operation, the-controlapparatus of the selec-
tor switch 18 functions in a well-known manner
to transmit the usual dial tone signal over the
calling line, thereby to-inform the-calling -sub-
seriber that the dialing cperation may be started..
The-selector switch: 18-responds to the impulses
of the first digit dialed at the.calling substation
A by elevating its wipers to:a position opposite
: the level of bank contacts. terminating the trunk
lines respectlvely extendmg to the conhnector
switches of the group including the. connector
switeh. 18 having access to the. called line (1.

The control apparatus ‘6f the selector switeh. 16

also responds to” the impulses of the first: digit
dialed: at’ the  calling substation’ by operating to
terminate the dial tone sighal. Durifig the inter~
digit’ pause between the first and second digits,’
the wipers of the selector switch 16 are rotateéd
step by 'step-in’ the ‘usual’ manner successively to

test the condition of the trunk lines respectively

extending to- the connector switches “of" the’
selected "group. 'If the connector switch {8 is
the - first -available - idle-switeh - of the selected.
group; -the rotary movement of the wipers em--
bodied in the selector switch {§-is arrested when
these wipers engage the contacts terminating the
conductors of-the trunk lineincoming to the in-
dicated: donnhector ‘switch. - Further, the control
apparatus of the- selector switch 15 functions to-
extend the callitig loop circuit to-the seized con-
nector switch 18, whereby the control apparatus
of the latter switch is conditioned. to respond-to-
the impulses of the: second -digit- dialed' at the
During the diadling -of the
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second digit, the wipers of the connector switch
18 are elevated step by step in a vertical direc-
tion to a position opposite the level of bank con-
tacts terminating the group of ten lines including
the called line 1I. 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 (1 are terminated. Fol-
lowing the selection of the called line in the man-
ner just explained, the control apparatus em-
bodied in the connector switch 18 functions to
determine the idle or busy condition of the se-
lected line and to transmit the usual busy signal
over the calling loop circuit to the calling sub-
scriber in the event the called line is busy. If
the called line is found to be idle, the control
equipment embodied in the connector switch 18§
functions to transmit ringing current over the
called line for the purpose of energizing the
ringer or signal device conventionally provided
at the called substation B. This equipment fur-
ther operates to transmit a portion of the ring-
ing current back over the calling loop circuit,
whereby the usual ring-back tone signal is re-
produced Ly the receiver provided at the calling
substation. When the call is answered at the
called substation, a direct current bridge is con-
nected across the conductors of the line {4,
thereby to complete, in the usual manner, a direct
current circuit for energizing the ring cut-off re-
lay conventionally embodied in the control equip-
ment of the operated connector switch. This re-
lay, upon operating, functions to terminate the
ringing operation, to terminate the ring-back
tone signal, to extend the loop circuit originating

10

15

20

25

30°

35

at the called substation through the windings of -

the back bridge or battery reversing relay em-
bodied in the connector switch, and to complete
the desired conversational circuit between the
calling and called substations. The indicated
back bridge relay, upon operating, functions to
reverse the direction of current flow over the
loop circuit extending to the calling substation
in a manner well understood in the art. This
reversal of current flow over the calling loop
circuit may be utilized .for control purposes, such,
for example, 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 18. For example, this apparatus may be
so arranged that the operated switch train is re-
leased only when the connection is cleared out at
both the calling and called substations. Alter-
natively, the control apparatus of the connector
switch 18 may be so arranged that the release
of the switch train is entirely under the control
of the calling subscriber. Assuming that the
latter arrangement is employed, when the calling
party replaces the receiver provided at the calling
substation upon its supporting hook or cradle,
the calling loop circuit is interrupted with the
result that the connector switch 8, the selector
switch 16 and the line switch 13 are released in
the order named and in a manner well under-
stood in the art. When these switches are all
restored to normal, the calling and called lines
i0 and i1, respectively, are marked as idle in the
bank contacts of the connector switches having
access thereto, and the apparatus utilized in
completing the connection is rendered available
for further use. In view of the foregoing brief
description, it is believed that the manner in
which connections may be established between

40

45

50

3
the other substations of the system will be clearly
apparent without further explanation. o
Referring now more particularly to the ar-
rangement of the call forwarding apparatus illus-

“trated in Fig. 1 and individually associated with

the substation A, this apparatus comprises a
register which includes an impulse responsive line
selecting switch 165, an impulse counting or
sending control switch 180, a digit sequence
switch 185 and an impulse sender comprising a
relay RI25 having a weighted armature 128
which is adapted to vibrate at a rate of approxi-
mately ten vibrations per second. ‘The appara-
tus further comprises a first timing device in the
form of a vibratory relay R168 which is opera-
tive in conjunction with a slow-to-release relay
R105 to delay the operation of the register for a
predetermined time interval after a call is routed
to the line 18. There is'also provided a second
timing device in the form of a vibratory relay
RI15 which, in combination with a second slow-
to-release relay R128, functions to delay the re-
lease of a connection through which a call is for-
warded for a predetermined time interval after
the connection is set up. A third timing device
in the form of a vibratory relay Ri33 is pro-
vided, which, in conjunction with a slow-to-re-
lease relay R 38, functions to insure the complete
release of a switeh train through which a call is’
forwarded before a second cycle of operation of
the register is started. The call forwarding ap-
paratus further comprises a plurality of addi-
tional control relays-including the relay R{45 for
operatively associating the apparatus to respond
to calls incoming to the line {8, an alternating
current relay Ri50 which is operative to initiate
the operation of the apparatus in response to
ringing current transmitted over the line 19, a
slow-to-release relay R{i8 which is controlled by
the two relays R{45 and Ri58 and is operative

to complete g calling loop circuit from the re-
peating coil 169 to the line switch 22, a pulsing
relay R130, a slow-to-release impulse responsive
relay RI{388, a control relay R{48, and a slow-to-
release back bridge relay Ri55 of the permanent
magnet polarized type which only operates when
a forwarded call is answered at the substation to
which the call is routed. The impulse responsive
line selecting switch {63 is of the well-known
rotary type. Briefly described, this switch com-
prises three sets of contacts 166 to {88, inclusive,

. of ten points each; three wipers 71 to 113, in-

55

65

70

75

clusive, individually associated with the contact
sets in the order of enumeration, means com-
prising an operating magnet 176 and a ratchet
and pawl mechanism, not shown, for driving the
enumerated wipers over the contacts of their -
respective associated contact sets and two sets
of off-normal springs {78 and (78, which are pro-
vided for control purposes described hereinafter.
'The impulse counting or sending contrel switch
180 and the digit sequence switch 185 are of the .
well-known minor type. In brief, the switch {89
comprises a single set of contacts, a wiper 181
associated with the contact set, means compris=
ing a motor magnet {82 and a ratchet and pawl
mechanism, not shown, for driving the wiper {81
over the contacts of the associated contact set
and a release magnet 183 which is operative to
cause the wiper 181 to be returned to its normal
or home position. The digit sequence switch {85
similarly comprises a single set of bank contacts,
a wiper 186 associated with the contact set,
means comprising a motor magnet (87 and a’
ratchet and pawl mechanism, not shown, for
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driving -the :wiper: {88 over.the contacts:.of:the

associated contact setand:a release magnet 188

which “is operative:to:cause the wiper 186 -tocbe
returned. to its home position...

Asindicated . previously, the:. call . forwarding:

apparatus just described:is arranged.to.be con-
trolled by the. apparatus:embodied .in:the..con=

trol circuit: 20, which.control cireuit is-accessible:

to:each'of the first selector:switches. of the sys-
tem.. Briefly: described,. the.control circuit 29
comprises. a.line. relay .R2i0, a -slow-to-release
hold relay R220, a .control relay R239, a slow-{o-=

release impulse responsive relay R249:and a call”

sequence relay network comprising the two re-
lays ‘R259 and. R2560. This control circuit has

associated. therewith two .sources of .alternating:

currents having different signaling characteris-
tics; the current of one source being. utilized in
signaling .over an established connection extend-
ing to the control. circuit 28, that the .call for-
warding apparatus.is conditioned to respond to
calls incoming to the line I8, and the .current
of the other source .being utilized in signaling
over an. established connection extending to the
control. circuit. 20. that the call forwarding ap-

paratus 'is not operatively .associated with the.

line 10. :

Referring now more particularly to the opera-
tion: of the control circuit 208:and the call for-
warding apparatus illustrated in Fig. 1, it will be
apparent that with the start relay Ri45 deener-
gized such that the repeating coil 180 is discon-
nected. from the line 10, calls may be routed to
and from the substation A without interference
occasioned by the associated call forwarding ap-
paratus and without in any way initiating the
operation of this apparatus. Further, if the re-
lay R145 is operated such that the call: forward-

ing apparatus is conditioned for operation, calls -

originating at the substation A may successfully
be completed without: interference occasioned by
the call forwarding apparatus and, in addition,
calls incoming to this substation may be answered

at the substation even though operation of the:

call forwarding apparatus is. initiated..

As indicated in the intreductory portion of the.

specification, the call forwarding apparatus may

be conditioned to respond to calls incoming.to.

the line-10 by controlling the circuit 28 over -any
line of the system. For example, if the subscriber
for whose service the substation A is provided .is
temporarily located at the substation B and de-
sires that calls routed to the substation. A be for-

warded at the substation B, he may condition the
call forwarding apparatus to forward calls to the.

substation B by initiating a call at the substation
B and dialing a directory number of two .digits.
When the call is initiated :at the substation B,
the line switch 14 operates to select ‘an idle one
of the selector switches to which it has.access.
Assuming that the selector: switch 1§ .is seized

and, further, that the link line 25 extending to-

the control circuit 28 is terminated in the first

contact set of the tenth level in each of the first .

selector switches; the calling party upon initiat-
ing the call and receiving the usual dial.tone sig-
nal dials a first digit of ten impulses, causing the

wipers of the selector switch {8 to he operated.to-

2, position opposite the tenth level of contacts.

During the interdigit pause between the first and - 70
second .digits, these wipers are rotated to engage-
the -contacts terminating the conductors of the. .
link-line 25.  In response to this operation; the=
line relay R210 is energized cver the calling.loop:

40

obvious: circuit. for impressing: ground: potential.
upon: the :control- conductor .of .the :link:line:25;.
thereby: to maintain the selector switchh 16 oper--
ated in the usual manner.” When the link line:25-

b is seized by the selector switch 16; a circuit is

completed for transmitting over the calling loop:
circuit a signal current which, when reproduced;:
informs the calling party that the call forwarding
apparatus is at normal. The path traversed by

10 this current may be traced as extending: from

one terminal of the signal current source by way
of C256, RA254, the condenser 364, one side:of
the calling loop circuit, the receiver at the calling
substation, .the other side of the calling loop cir-

15 cuit, the upper windihg. of R2(0 and the:ex-

change ‘battery to the opposite terminal: of the:
signal current source. At RA212, the relay:R210
completes -an obvious circuit for energizing:the -
slow-to-release hold relay R220;. The relay R220;.

2¢: upon operating, completes, at RA221{, a multiple

path extending through: RA25f for impressing:
ground .potential upon the control conductor of
the link line 25.° At RA222, the relay R220 pre-
pares a circuit for energizing the relay R240 in

o5 -series with the operating magnet 176. . At RA223,

the relay 'R2208 completes a circuit extending by
way of C195 for energizing the start relay R145.
At RA224, the relay R220 completes a circuit for-
energizing the impulse sending relay R125, this

30::circuit extending from ground. by way of RA224,..

C198, RA123 and the winding of R125 to battery.
When energized over this circuit, the relay R125
attracts its. weighted armature- 1286 -thus. condi-
tioning this armature for vibration- when ~the-

g5:-operating circuit just traced is subsequently in-

terrupted. A branch of the last-mentioned cir~
cuit extends by way of RA(I3 and the winding
of R180 to battery, thereby to energize the last-
mentioned relay.

The relay R145, at its -armatures RAI46 and
RAf{41, connects the line terminals of the re-
peater ‘windings 161 and 162 to-the conductors.
cf the line 10, thereby to condition the alternat-
ing current relay R150 to respond to ringing cur-

45-tent transmitted over the indicated line.. Af

"RAI48, the relay R145 :prepares 3 circuit traced
hereinafter for energizing the slow-to-release re-.
lay R{10." The relay RI00, upon operating; at-
tracts its weighted armature RA101 to complete:

50..2n obvious circuit for energizing the slow-to-re-

lease relay RI185. . The relay RIL5, . upon operat-
ing, opens, at RAI108, a point in-the circuit traced
hereinafter for energizing the release magnet 188.
At RAI0T, the relay R105 opens:a :point in-the.

55.:0perating.circuit for.the relay RI15.° At RAILGS,

the relay RI65 "prepares a.holding circuit for
the ‘relay RI118. Fbdllowing:the operation of the
relays ‘R210, R220, R145, R{160;:R {05 and "Ri125,
the call forwarding .apparatus and the control
circuit 28 are conditioned to respond to the im-
'pulses. of the second digit dialed ‘at the substa=
tion.B." The numerical value of this second digit -
determines the substation to which:calls incom-.
ing to the line 10 will.be forwarded.. Thus, each

-g5. vertical.row of bank contacts embodied in ‘the

line. selecting switch 165 corresponds to a par-
ticular. one of .the substations; the contact of.
each:vertical row which:is included in the con=
tact. set 468 determining, by its cross ‘connection
-toone-of ‘the contacts of the impulse counting :
switeh: 180, the number of. impulses of .the:first-
digit of the directory number designating the cor-
responding substation; the. contact of the same :
vertical:row. and included in.the contact. set 167"

circuitriand -operates.:to :complete,: at RA2EL, an 75, determining, by its cross:connection: to-one:of..
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- the contacts of the impulse counting switch 180,
the number of impulses of the second digit; and
the contact of the same vertical row included in
the contact set 168 determining, by its cross con-
nection to one of the contacts of the impulse
counting switch 188, the number of impulses of
the third digit. For example, if the second ver-
tical row of contacts in the switch 185 corre-
sponds to the substation B and the directory
number of this substation is 324, the connec-
tions illustrated in Fig. 1 of the drawings may be
used. More particularly, the second contact of
the contact set 168 is connected to the third
contact of the contact set embodied in the switch
180; the second contact of the contact set 167
is connected to the second contact of the con-
tact set embodied in the switch 180; and the sec-
ond contact of the set 186 is connected to the
fourth contact of the contact set embodied in
the switch 180. It will be clearly apparent that
the other vertical rows of contacts embodied in
the contact bank of the switch 165 and individ-
ually corresponding to other substations to which
calls may be forwarded are cross connected to
the bank contacts of the switch 180 in different
manners depending upon the numerical values
of the digits of the directory numbers designat-
ing the respective corresponding substations. It
will also be apparent that by increasing the num-
ber of contact sets in the line selecting switch
165, the register may be arranged to transmit
more than three trains of impulses during each
call forwarding operation. In view of the im-
mediate preceding explanation, it will be under-
stood that in order to cause calls incoming to
- the line {8 to be forwarded to the substation B,
the wipers 71 to 173, inclusive, of the switch 163
must be positioned upon their respective associ-
ated second contacts. - To this end, a second digit
of two impulses is dialed at the calling substa-
tion B. At the beginning of the open circuit
period of the first impulse of this digit, the line
relay R21{0 restores to open, at RA211, the initial-
1y completed path for impressing ground poten-
tial upon the control conductor of the link line
25. At RA212 and its associated working con-
tact, the relay R210 opens the operating circuit
for the relay R220. The latter relay, due to its
slow-to-release characteristic, remains operated
during impulsing. At RA2{2 and its associated
resting contact, the relay R2{8 completes the
previously mentioned circuit for energizing the
slow-to-release relay R249 in series with the
winding of the operating magnet {78, this circuit
extending from ground by way of RA212, RA222,
RA231, the winding of R246, C154 and the wind-
ing of the magnet {76 to battery. When ener-
gized over this circuit, the relay R240 immediately
operates to open, at RA241, a point in the circuit
traced hereinafter for energizing the control re-
lay R230. Due to its slow-to-release character-
istic, the relay RZ40 remains operated during
the impulses of the impulse train transmitted to
the control circuit 28 and only releases shortly
following the end of this impulse train. At the
end of the open circuit period of the. first im-
pulse, the relay R210 reoperates to recomplete
the operating circuit for the hold relay R220, to
recomplete, at RA2{1, the path for impressing
ground potential upon the private conductor of
the link line 28, and to interrupt the above-traced
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pawl mechanism, functions to advance the wipers
{711 to 173, inclusive, one step from normal and
into engagement with their respective associated
first contacts. When these wipers are stepped to
the first off-normal position, the off-normal
springs 178 are moved into engagement to pre- -
pare a circuit traced hereinafter for energizing
the magnet (16 during the release of the appara-
tus. The off-normal springs 179 are also moved
into engagement in response to operation of the
wipers 1Tl to 73, inclusive, to the first off-nor-
mal position. When these latier off-normal
springs are-engaged, a circuit is prepared for
energizing the control relay 282. The line relay
R2{0 functions to repeat the additional impulses
of the second digit to the operating magnet 178
of the switch (66 in the exact manner just de-
scribed with reference to the first impulse of
this digit. Since the wipers 1Tl to §73, inclusive,
are stepped at the rate of one step for each im-
pulse, it will be apparent that in the case under
consideration wherein a.second digit of only two
impulses is dialed at the substation B these
wipers are left standing in engagement with their
respective associated second contacts, which con-
tacts correspond to the substation B.

At the end of the second digit, the line relay
is held energized over the calling loop circuit
until the connection is released at the substa-
tion B. With this relay operated, the above-
traced circuit serially including the winding of
the relay R240 and the winding of the magnet
116 is opened. Accordingly, the relay R240 re-
stores shortly following the end of the digit to
complete the above-mentioned circuit for en-
ergizing the control relay R230, this circuit ex-
tending from: ground by way of the off-normal
springs 179, RA241 and the winding of R230 to
battery. When energized. over this circuit, the
relay R230 operates to open, at RA23{ and its
associated resting contact, a further point in the
circuit for energizing the relay R240 and the
magnet 176 in series. At RA231 and its asso-
ciated working contact, the relay R230 prepares
a circuit for energizing the relay R250. At
RA232, the relay R230 completes a holding cir-
cuit for the hold relay R220, this circuit ex-
tending from ground by way of RA262, RA232
and the winding of R220 to battery. .

After dialing the two digits required to con-
dition the call forwarding apparatus for opera- .
tion and to select the substation to which calls
incoming to the line 10 are:to be forwarded,.
the calling party at the substation B may re-
lease the connection extending to the control
circuit 20. -To this end, the receiver -provided
at the substation B is-restored to it supporting
hook or cradle with the result that the calling
loop circuit extending through the windings of
the line relay R210 is interrupted. When deen-
ergized in this manner, the relay R218 restores
to open, at RA21l; the initially completed path
for impressing ground potential upon the con-

- trol conductor of the link line 25. At RA2{2 and

circuit for energizing the relay R24% and the -

operating magnet 176 in series. When energized

and deenergized in this manner, the magnet 176, .

in cooperation with its associated ratchet and 7

its associated working contact, the relay R210
interrupts the operating circuit for the relay
R220. At RA212 and its associated resting con-
tact, the relay R210. completes the above-men- - .
tioned circuit for energizing the relay R259, this

circuit extending from ground by way of RA212,
RA222, RA231, RA261 and the winding of R250
to battery. Upon operating, the relay R258
completes, at RA252, a path for short-circuiting
the winding of R260, this path extending from-
ground by way of the off-normal springs {719,
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‘RAZ282, the winding -of “R280,"RA281, "RA23I,
“RA222 and RA2{2 back to-ground. AtrRA25I,
the relay R2590, upon: operating, interrupts' the
‘previously  traced alternative path  over which
ground potential is impressed upon the control
conductor of the link line-25. In response to
the last-mentioned operation, the -selector
switch 15 and the line switch:44:-are released in
the usual  manner. Thus, the "connection ex-
tending to the control circuit 29 is fully released
-and- the automatic. switches utilized in complet~-
ing the-connection are conditioned -for further
use. - At RA254, the-relay ‘R250 opens a point
in the above-traced circuit for transmitting nor-
mal tone signaling current- by way of the link
line 25 and -prepares a circuit for transmitting
over this link line to the calling substation sig-
naling current which will indicate by. its repro-
duction -that the call- forwarding apparatus is

conditioned: for operation. At 'RA253, the relay ¢

250 _prepares. a. circuit- for- transmitting - to the
substation: A signaling current -which, when re-
-produced, will -serve to-inform a calling party
at the substation-A: that the-call forwarding ap-

paratus is conditioned to-respond-to calls-in- :

coming to.the line 180.

“With the apparatus in this- condition, if the
subscriber for whose services:the-substation A is
provided returns to this substation and initiates

a-call thereat, the lastzmentioned-signaling- cir- !

cuit is completed, so‘that the ssubscriber is in-
- formed - that the call -forwarding - apparatus is
cariditioned " for - operation -and ~may ‘take the
necessary steps: to release this apparatus -in the

manner pointed.out hereinafter. - More-particu-

larly, .the last-mentioned -signaling circuit - is

.completed iramediately-the: receiver provided-at
the substation A is removed -from. its supporting
. hook or..cradle; this-circuit-extending from-one
terminal of the off=normal tone current source
by “way. of C255, RA253,- CI97," the  condenser
i74, RAIBS’, RA152, RA146, the upper side of

the line 10, the receiver -provided. at the sub-

station A,  the lower side-of the line ‘18, the
winding of the line relay.embodied in the line
switch I3 and the exchange battery to the op-
.posite  terminal of the  off-normal’ tone ‘current

source,
After the call forwarding apparatus has been

conditioned for operation-in the manner- just :

explained, all calls incoming to the-line 13 are
forwarded to the substationn B through operation
of this apparatus.and operation-of the auto-
matic switch -apparatus -embodied in the ex-

change. ' For example;“if-acall intended for the 3:

substation- A is initiated-at the ‘substation C and
is routed through the line switch 15; the selector
switch 17 and-the -connector switch 19 to the
line 18:at a time when: the line 19 is idle, the
control- apparatus -of- the -last=mentioned-switch
operates -in the manner previously explained: to
-transmit ringing current over the-line: 19 for the
‘purpose of energizing the-signal device-provided
~at - the called substation "A. ‘A -portion of this
- ringing current -is- by=-passed-through-the- wind-
dng of the-alternating- current:relay Ri89 . over
a- circuit ~which- may -partially- be: traced as ex-
tending by ‘way of the upper conductor :of the
line 49, RAI45, the repeater winding 182, the

‘condenser 175, the winding of RI5), the re-.7

-peater winding- 161, RA147, and the lower line
conductor of the line 8. When energized over
this eircuit, the line relay R 50 operates to open,
at RAI52, the above-traced circuit for transmit-

ting off-normal tone signaling current to’ the 7
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- stbstation-A. - At RA15I, the relay:RI50 com-
- pletes - & - circuit - extending by -way of “RAI48,

‘RA139:and RAI12{’ for energizing the slow-to-

-release relay R{i10. The relay ‘Ril0, :upon op-

erating, completes, at RA1I1, an obvious holding
circuit for itself. At RAI112; the relay Ri10 com-
pletes -a- calling loop circuit including  the:link
line 21 and extending to' the line switch 122,
This loop circuit may partially be traced as ex-
tending by way of the upper conductor of the line
21, the repeater winding -{63, the winding of

‘RI55, the repeater winding 164, RAI12, RA13I

and: the lower conductor of the link line -2!.
In response to the completion -of this -loop cir-
cuit, the line switch 22 --operates to -seize an
idle one of the selector switches,: such, for ex-
ample, as the selector switch I6, to-which it has

" access and to extend the-loop circuit thereto.

an
i
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‘being transmitted over the_ line 0.

At RA113, the relay RI10, upon-operating, opens
the previously fraced operating circuit: for the

‘relay RI00 and prepares-a circuit for energizing

the relay Rii5.  When the winding of the relay

"R{00 is deenergized, the weighted armature 101

is released and starts vibrating-alternately to
engage its two associated contacts. Due to iis
slow-to-release characteristic, the relay R105 is
held in its operated position until the vibratory
movement of the armature (9! is: substantiaily
ended. When the amplifude of ‘movement of
this armature - is sufficiently  reduced so that
it no longer engages its two dssociated contacts,
the relay RI85 is deenergized and restores.
Upon restoring, the relay R105 opens, at - RAI08,
the above-traced holding -circuit for the-relay
RI18 causing the last-mentioned relay to restore
after an interval; provided ringing current is:not
At RA108,
the. relay R85 completes the above-mentioned

“circuit for energizing-the -release magnet 188,

this circuit - extending ‘ from ground at "RA224
by way of Ci98, RA1I3, RA121, RAI08, and the
winding of.the magnet 183 to battery. :The re-
sulting operation  of the release magnet causes
the -wiper 186 of the digit sequence switch (85
to be returned to its normal position. . At RAIDT,
the relay RI105, upon restoring, completes the
previously mentioned circuit for energizing the
relay RI15, this circuit extending from. ground
at. RA224 by way of .C198, RAI13, RAIST and
the winding of RIit5 to battery. When ener-
gized over this circuit, the relay RI15 attracts
its weighted armature 116 to complete a cir-
cuit extending by way of RAI55. for energizing
the slow-to-release relay R120. The relay RI1298,
upon operating, opens,. at RAI21, the above-
traced circuit for .energizing the release mag-
net 188. At RAI122, the relay RI120 short-circuits
the operated armature RAI(2 of the.relay R0,
it.being noted that the relay R120 operates prior
to the release of the relay Ri18 .in the manner
described above. At RAI21’, the relay RI20
ecpens a point in the.above-traced operating cir-
cuit for the relay Ri10. . At RAI22’, the relay
RI20 completes an. obvious circuit- for. energiz-
ing the vibratory relay R133. The latter relay,

_in-turn, attracts its weighted armature to.com-

plete an obvious circuit. for energizing the slow-
to-release relay R138. . The relay R1328, upon
orerating, opens, at RAI39, a further point in the
above-traced  operating circuit . for the relay
RilD. Thus, the relay RIi10 is prevented from
recperating in response to operation of the relay
RI150 during the interval when the call is being
forwarded to the substation B and for a pre-
‘determined time interval thereafter. 'In this re-
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gard, it will be understood that the relay R156
operates each time a splash of ringing current
is transmitted over the line 10. During the in-
terval when the relay RII0 is operated, the suc-
cessive operations of the relay R150 are without
effect aside from the completion of a multiple
circuit for energizing the first-mentioned relay.
After the relay RI10 is released, following op-
eration of the relays R120 and R{38, the opera-
tion of the relay R158 is obviously without effect.
The relay Ritd, upon restoring, recompletes, at
RAI{3, the previously traced operating circuit
for the relay RI80 causing the latier relay to
attract its weighted armature {61 and thereby
complete the operating circuit for the relay
RI05. The relay RIi05, upon reoperating, re-
prepares, at RAI06, the holding circuit for the
relay R110, interrupts at RAI0T the operating
circuit for the relay RI15 and opens, at RAIQS,
a point in the previously traced circuit for en-
ergizing the release magnet 188. When the re-
lay Ri15 is deenergized in this manner, the
weighted armature 116 controlled thereby starts
vibrating intermittently to complete the above~
traced operating circuit for the relay RI128. Due
to its slow-to-release characteristic, however, the
latter relay does not restore at this time.

The relay R{20, upon operating in the man-
ner described above, also functions to initiate
the operation of the register fo transmit over
the established calling loop circuit the impulses
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of the directory number designating the substa-

tion B to which the call is to be forwarded. More
particularly, the relay R120 opens, at RA{23 and

its associated resting confact, a point in the"

above-traced operating circuit for the impulse
sending relay Ri25. At RAiI23 and RAI124, the
relay R120 prepares a circuit, traced herein-
after, for energizing the slow-to-release relay
RI140.
weighted armature 126 controlled thereby is re-
leased and swings through its retracted position
to engage its associated back contact and to re-
lease the armature 127 so that this latter arma-

ture also engages its back contact. In response 4

to the latter operation, an alternative circuit is
completed for energizing the winding of the re-
lay Ri25, this circuit extending from ground at
RA224 by way of C198, the armature {27 and
the winding of R{25 to battery. In response to
the completion of this circuit the weighted arma-
ture 12§ is again attracted so that this armature
is moved to its operated position to disengage

its associated back contact and to move the ar--
mature 127 out of engagement with its associated 5

resting contact. Thus, the alternative circuit for
energizing the relay R125 is interrupted. By vir-
tue of the completion of this alternative circuit,
upon each back stroke of the weighted armature
126, this armature and the armature {27 are
vibrated between two positions until a holding
¢ircuit for the relay Ri25 is subsequently com-
pleted. Each time the armature 126 engages its
associated back contact, a circuit is completed
for energizing the pulsing relay R{30, this cir-
cuit extending from ground at RA224 by way of
C188, the armature 126 and the winding of Ri30
to battery. This circuit is obviously interrupted
to cause the release of the pulsing relay Ri30
each time the weighted armature 126 is attracted
to its operated position. Thus, the relay R{30
functions to transmit impulses by way of the
loop circuit extending by way of the link line
21 to the line switch 22. Each time the relay
RI{30 operatss, it also functions to complete an

When the relay Ri25 is deenergized, the !
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obvious circuit for energizing the relay R135 in
series with the operating magnet 182. The relay
RI135 operates at the beginning of the first im-~
pulse transmitted through operation of the puls-
ing relay R130 and, due to ‘its slow-to-release
characteristic, remains operated until the digit of
impulses is ended. Upon operating, the relay
RI35 prepares, at RAI36, a holding circuit for
the relay R140; prepares, at RAI36’, a circuit
for energizing the operating magnet 187 and
prepares, at RAI37, a circuit for energizing the
release magnet 183. At RAI135’, the relay R135
completes an obvious alternative circuit for en-
ergizing the relay RI15, which latter relay is
still vibrating intermittently to complete the
operating circuit for the relay Ri20. When this
alternative circuit is completed the relay RI{5
holds its weighted armature {16 in the attracted
position so that the operating circuit for the
relay R120 is not interrupted during impulsing.
Each time the operating magnet (82 is ener-
gized by a current pulse transmitted thereto
through operation of the pulsing relay Ri38,
it operates to advance the wiper 181 one step.
Thus, the switch 180 functions as an impulse
counting switch for the purpose of determining
the number of impulses transmitted during each
digit. More particularly, when the wiper 181 is,
during -its first cycle of operation, operated into
engagement with its associated third contact,
the above-mentioned circuit is- completed for
energizing the relay RI40, this circuit extend-
ing from ground at RA224 by way of C198,
RAI23, RAI24, the wiper 186, the wiper 113 and
its associated second contact, the third contact
of the set associated with the wiper 18{, the wiper
18{ and the winding of R148 to battery. When
energized over this circuit, the relay R148 op-
erates to complete, at RAI41, an obvious circuit
for maintaining the relay R125 energized. Thus,
the relay R125 is held in its operated position so
that the pulsing relay RI30 remains in its re-
stored position and the impulses of the first digit
are terminated. At RAI142, the relay R140, upcn
operating, completes a holding circuit for itself,
this holding circuit extending from ground by way
of RAI36, RAI42 and the winding of Ri48 to
battery. At RAI44, the relay RI140 completes a
circuit for energizing the release magnet 183,
this circuit extending from ground at RAI3T by
way of RAI44 and the winding of the magnet
183 to battery. When energized over this cir-
cuit, the magnet 183 operates to cause the wiper
181 o be returned to its normal position, thus
interrupting the above-traced operating circuit
for the relay R140. At RAI43, the relay RI140
completes a circuit extending by way of RA{25’
for energizing the operating magnet 187 . of the
digit sequence switch 185. When energized over
this circuit, the magnet 187 operates to advance
the wiper 186 one step so that it is moved out
of engagement with its associated first contact
and into engagement with its associated second
contact. - Shortly following the operation of the
relay RI48, the slow-to-release relay Ri35 re-
stores to open, at RA136, the holding circuit for
the relay RI140; to interrupt, at RAI36’, the op-
erating circuit for the motor magnet 187; and
to open, at RAI87, the circuit for energizing the
release magnet 183 At RAI8H’, the relay R385,
upon restoring, also interrupts the above-men-
tioned alternative circuit for energizing the relay
RIS with the result that this relay is deener-
gized and vibration of the weighted armature
116 controlled thereby is again initiated, 'Short-
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‘ly fallowing the release.of the:relay: Ri35, the
-relay 'R1E40 restores to:open: further ;points in -its
-holding - circuit ‘and the -operating- circuits for
-the magnet 187 and the release magnet 183. At
RA141, the relay R140 opens the holding. circuit
~for the relay RI128, whereby the periodic move-
‘ment of the weighted armature-126 carried by
the latter relay is again' initiated. Thus, the
operation of the pulsing relay RI30 to transmit

to the operated switch train the impulses of the:

second digit is started. At the beginning of the
first impulse of this second digit when the cir-
-euit for energizing the magnet 182 in. series with
the relay R{35 is again completed, the relay R125

reoperates to again complete, at RAI13%’, the.

alternative circuit for energizing the relay Rii5.
Accordingly, the weighted armature (16 con-
trolled. by the relay Rii5 is held in its attracted
- position - to maintain the operating: circuit for
the relay Ri28 completed. When the wiper 18}
has been stepped two steps so that it stands in
-engagement with its associated second contact,
an alternative circuit is completed for energizing
the relay R146, this circuit extending by way of
the grounded conductor Ci98, RAI23, RA{24,
the wiper 186 and its associated second contact,
the wiper 172 and its associated second contact,
the second contact of the set associated with the
wiper 181, the wiper (81 and the winding of
R149 to battery. ‘'The relay R140, upon operat-
ing, again completes the holding circuit for the
relay R125, thereby to arrest the operation of
this relay and the pulsing relay R139, and com-
pletes the previously traced operating circuits
for the operating magnet (87: and the release
magnet 183. ‘As a result, the wiper' 181 is re-
“turned to its normal position and the wiper (85
is advanced into engagement with its associated
third contact. Shortly -thereafter, the -relays
R135 and R149 sequentially restore in the man-
ner explained above, the latier relay function-
ing to open, at RAI{41, the holding circuit for
the relay R 125 so that vibratory movement of the
weighted armature 126 is again initiated. ' Thus,
the operation of the pulsing relay Ri30 to trans-
mit the impulses of the third digit of the di-
rectory number desighating the substation B is
started. During operation of the pulsing relay
to transmit these -impulses, the wiper 81 is
again advanced step by step: at the rate of one
step for each impulse; it being understood that
the relay RI83 reoperates at the-beginning of
the first impulse of the digit to perform the
functions previously described. When the wiper
{81 is moved into engagement with its-associated
fourth contact, corresponding to' a. digit of four
impulses, a - second alternative -circuit. is com-
pleted for energizing the relay RI140, this cir-
cuit extending .by way of the grounded. con-
ductor. C188, RAI23, RA124, the wiper (86 and
its associated third contact, the wiper i71-and its
associated second contact, the fourth contact of
the set associated with the wiper- 181, the wiper
181 and.the winding of RI140 to battery. When
energized over this circuit, the relay R148 again
- operates to complete, at RA14{, the holding cir-
cuit for the relay R125; thus terminating the vi-
pratory movement of this latter relay and the
operation of the pulsing relay R130. The relay
R1408 also completes the previously traced cir-
cuits for energizing the release magnet 183 and
the operating magnet 187, thus causing the
wiper 18! to- be returned to its home position
and the wiper 186 to be advanced into engage-
ment with its -associated fourth confact. When
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“the ‘wiper: §86: is: stepped..into engagement with

~its srassociated . fourth -contact, an . alternative
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:holding:eircuit.is completed for-the: relay Ri40,
this -eircuit- extending by way. of the grounded

~conductor C1988, RAI23, RAI24, the wiper (83

-and .its  associated fourth contact, RAI42. .and
‘the winding of Ri40 to battery. Thus, the relay
R{40.is prevented from releasing in response.to
restoration of the relay R135 which occurs short-
1y following the operation of the. relay R48:at
-the end of the.third series of impulses. With
the relay Ri490 held in its operated position the
impulse sending relay R125. is: also energized. so
that the pulsing relay R130 is maintained in ifs
restored position. :Thus, the transmission of
impulses from the register equipment is termi-
nated.

When the relay Ri35 restores shortly follow-
ing the end of the third: series of impulses trans-
mitted from the register equipment it opens,-at
RAI385’, the above-traced alternative circuit for
energizing- the relay ‘Rit5. Accordingly, vibra-
tion of the weighted-armature {6 controlled by
the relay R119% is again initiated. As explained
above, the relay Ri20, due.to-its slow-to-release
characteristic, does not restore until' the ampli-
tude of movement of the armature (46 is suffi-
ciently reduced so that this armature no: longer
engages either -of its two .associated  contacts.
The purpose of this arrangement 'is. to- provide
an interval during which the called substation,
as selected by the automatic switching appara-
tus in response to the :impulses transmitted
thereto from the register. equipment; may be sig-
naled and the call answeréd. :In this regard, it
will be apparent from the: preceding-description
that the selector switch 16 seized by the. line
switch 22 responds to. the impulses of. the first
digit transmitted thereto from the register equip-
ment: by operating to select the: group of con-
nector switches having access to the called line
{{. During the interdigit -pause between the
first and second :digit, this selector switch: op-
erates to select an idle one of the selected group
of switches, such, for example, as the connector
switch {8, and to-extend the calling loop circuit
to the last-mentioned switch. The connector
switch 18, in turn, responds to the impiulses of
the second and third digits by operating in the
manner previously. explained to select the line
{1 to which the .call is to be:routed. . If this
line is busy at the time it :is thus selected, busy
tone current is-returned -over the calling loop
circuit extending to the repeater 169 and a por-
tion -thereof is repeated -by induction ‘to the
loop circuit extending through the -connector
switch 19, the selector switch IT and the line
switch {5 to the calling substation C. ' This sig-
nal is intermixed with the ring-back tone signal
being transmitted to the calling subscriber, but
may be sufficiently -discernible .to inform °the
calling party that the called line is busy. ' In’the
event the line 1| to which the call is forwarded
is idle at the time it is selected by ’the connector
switch 18, the control apparatus of- thiscon-
nector switch functions in.the manner previous-
ly explained to transmit ringing current over the
line f{ for the purpose of energizing the signal
device provided ‘at the substation” B. The  de-

- sired: conversational circuit between the substa-
tions B and C is completed when. the call is
answered at the substation B. More particu-~
larly, when the-receiver provided at ‘the last-
~mentioned. substation. is:removed. from its sup-
sporting hook or cradle, the usual direct current
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‘bridge is connected across the conductors of the
line {1 so that the ring cubt-off and back bridge
relays embodied in the connector switch 18 se-
quentially operate. The back bridge relay, upon
operating, functions to reverse the direction of
current flow over the loop circuit extending to
the repeater 180 with the result that the polar-
ized relay RI55 operates. Upon operating, the
relay RI55 completes, at RA158, an obvious path
shunting the operated armature RA[22, thereby
to maintain intact the loop circuit extending
through the line switch 22 when the relay R120
is subsequently released. At RA157, the relay
RI%5 completes an obvious path for short-cir-
cuiting the condenser {75, thus establishing a
direct current bridge acress the conductors of
the line i89.
ring cut-off and back bridge relays embodied in
the connector switch 19 are caused to operate in
the usual manner. The ring cut-off relay of this
connector switch, upon operating, arrests the
ringing operation being performed by the
switch, terminates the ring-back signal being
transmitted to the calling substation C, and com-
pletes the desired conversational circuit between
the substations B and C. When the ringing
operation of the connector switch 19 is ended,
the intermittent operation of the relay RI58 is
terminated and this relay remains in its re-
stored position. .
The back bridge relay Ri55, upon operating,
also functions to interrupt, at RAIES, the previ-
ously traced operating circuit for the slow-to-
release relay R128. At RAI58’, the relay RI55,
upon operating, opens a point in the previously
traced circuit for transmitting off-normal tone
signal current over the line (0. When the relay
R120 restores it functions to reprepare, at
RAIZ{’, the operating circuit for the relay R110

and to reprepare, at RAI2!, the ahove-traced .

operating circuit for the release magnet 188. At
RAI{22’, the relay R120 opens the operating cir-
cuit for the relay RI33, thereby to cause the se-
quential restoration of the last-mentioned relay
and the relay R138. At RAI22, the relay R120
opens the path shunting the operated armature
RAI1G8. At RA123 and ifs associated resting con-
tact, the relay R120 recompletes the previously
traced multiple holding circuit for the impulse
sending relay RI25. At RAI23 and RAI124, the
relay R128 interrupts the above-traced alterna-
tive holding circuit for the relay RI40, causing
the latter relay to restore after an interval.
Upon restoring, the relay R148 opens, at RAI41,
the multiple holding ecircuit for the impulse
sending relay RI25. Following the release of
the relays R150, RI20, R133, RI148 and R138, in
the manner just explained, no further operation
of the call forwarding apparatus occurs until the
connection is released.

The manner in which the operated switches
15, 1T and 19 are released when the connection
is cleared out at the calling substation C is ex-
actly the same as described previously with ref-
erence to the call originating at the substation
A. When the connection is cleared out at the
substation B, the back bridge relay embodied in
the connector switch 18 functions to again re-
verse the direction of current flow over the loop
circuit extending to the repeater 160. Accord-
ingly, the polarized back bridge relay RI55 re-
stores to interrupt, at RAI58, the loop circuit
extending through the switches 22 and {6 to the
connector switch I8, When this loop circuit is
interrupted the operated switches 18, 16 and 22

In response to this operation; the
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are released in the order named and in the ex-
act manner described previously with reference
to the call originating at the substation A. At
RAI357, the relay R155, upon restoring, interrupts
the path short-circuiting the condenser 175. . At
RAI156, the relay R{55 reprepares the operating
circuit for the relay Ri20. At RAI58’, the relay
RI55 reprepares the circuit for transmitting off-
normal tone signal current over the line 10. Fol-
lowing the release of the relay R155, the call for-
warding apparatus is fully restored to normal
and is conditioned to respond to another call
routed to the line {0. In this regard, it will be
noted that the relays Ri45, R125, R100 and RI065
are maintained in their respective operated posi-
tions after the connection as routed to the sub-
station B through operation of the call forward-
ing apparatus is released. It will further be
noted that the digit sequence switch 185 is not
restored to normal during the release of the call
forwarding apparatus. When, however, another
call is routed to the line 18 to cause the sequen-
tial operation of the relays R150 and Rit0, in
the ‘manner explained above, the previously

_ traced circuit for energizing the release magnet

188 is completed immediately the relay RI10
operates. Thus, the digit sequence switch (85
is released during the initial response of the call
forwarding apparatus in its operation to perform

& call forwarding operation.

If the above-described call, initiated at the
substation C and intended for the substation A,
is abandoned during the interval when the call
forwarding apparatus is operating to route a

© connection from the line {8 to the substation B,

this apparatus continues its operation even
though the connection as set up between the sub-
station. C and the line 10 is released. Under
such conditions, if the call is answered at the
substation B during the interval which elapses
between the release of the relay RI15 and the
release of the relay R120, the back bridge relay
RI155 is-caused to operate and g connection is
fully completed between the repeating coil (60
and the telephone provided at.the substation B.
When the answering party challenges the con-
nection and fails to obtain a response from the
calling party, he is informed that the call has
been abandoned and may initiate the release of
the switch train through which the connection
is routed from the repeating coil 160 to the line
H by hanging up, thereby to cause the release
of the back bridge relay R155 in the manner
pointed out above. When this relay restores, the
calling loop circuit extending from the repeating
coil 160 to the operated connector switch of the
train is interrupted and the switches ‘included
in the train are restored to normal in the above-
described manner,

As indicated previously, the call as routed-:
from the substation C to the. substation A may be
answered at the last-mentioned substation even
though the call forwarding apparatus is condi-
tioned for operaticn. In such case, when the re-
ceiver provided at the substation A is removed
from its supporting hook or cradle, a direct cur-
rent bridge is connected across the conductors of
the line i0 to arrest the ringing operation being
Derformed by the connector switech. through
which the connection extends and thus prevents
further operation of the alternating current re-
lay R150. 'When the call is answered in this
manner, the previously traced circuit is completed
for conducting the off-normal tone signal current
through the receiver provided at the substation
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A, so that the answering party is informed. that:

the. call forwarding apparatus is conditioned for.
operaticn. In. the case under consideration,

operation. of this apparatus is initiated, when

ringing current is first transmitted over the line
{0 and this apparatus operates to forward the
connection to. the substation B, or to another

substation designated. by the setting of the line.

selecting switch (63. Assuming that the call is
answered. at the last-mentioned. substation, a
three-way talking circuit. is. established between
the, substations A and C and the third substa-
tion to which the call is forwarded. The com-
pletion of this three-way talking circuit in no
way prevents the release of the two. operated
switch trains when the conversation is termi-
nated.and the three parties hang up. :

The arrangement is such that if the above-

described call initiated at the substation C is not

abandoned by the calling. party and.the call as

forwarded through operation of the call forward-.

ing apparatus to.the substation B.is not an-
swered during the interval which elapses between
the release of the relay RI15 and the release of
the relay R128, the connection through which the
call is forwarded to the substation B is released
and a second cycle of operation of.the call for-
warding apparatus is_initiated so that. a.second
connection is routed to the line t4, Thus, when
the transmission of impulses. to the automatic
switching apparatus of. the exchange:is ended,
the relay R [5.is deenergized in the manner pre-
viously described so that. vibration.of its. asso-
ciated armature {{8 is initiated. When the am-~
plitude of vibration of this armature is.sufilcient-
ly reduced so that it no longer engages either of
its two associated contacts, the cperating circuit
for the relay Ri20 is interrupted. Upon restor-
ing, the relay 120 reprepares, at RA(21", the oper-
ating circuit for the relay Ri1i0.and, at RAI21,

the operating circuit for the release magnet §88..

At RAI122, the relay R126: interrupts the loop cir-

cult extending by way of the link line 2i and
through the line switch 22 and the selector switch.
{6 to the connector switch i§; thereby to initiate

the release of these three sw1tches At RAIZ3

and RAI124, the relay RI20 opens the. previously.:
traced alternat tive holding ecircuit for the. relay

Rléﬂ causing the last-mentioned. relay . to . re-
store At RA12% and its associated resting. con-

tact the relay Ri28. completes the previously.

traced holding circuit for the relay Ri25: At
R,AI22’ the relay R126- opens the operating cir-
cuit for the relay R{323. When the relay RI33:is
deenergized, its weighted armature {34 is re-

leased and starts vibrating alternately to engage.

its two associated contacts. Due to its slow-to-
release characteristic, the relay R138 does not re-
store until the amplitude. of vibration: of the
weighted armature 134 is sufiiciently: reduced S0
that it no longer engages either of its two asso-
ciated contacts. The period.during which. the

armature 134 vibrates to .hold. the. relay RI3%5.

operated is sufficient to insure the full release.of
the switch train through which the connection
is forwarded to the substation. B.. When the re-
lay R138 finally restores it further prepares, at

RAI[39, the operating circuit for the relay Rii0..

Thereafter and during the next period  when

ringing current is transmitted over the line. (0.

to cause the operation of. the relay RI53, the
opera,tmg circuit for the relay Ri10 is again com-

pleted. - The relay RII8, upon operating, recom-.

pletes its holding circuit, recompletes the loop
circuit extending to the hne switch 22 and.inter-
rupts the operating circuit for the relay RI00. At '
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RAI 12, the relay REL8: completes the previously:
traced circuit for energizing: the: release: magnet:
188, whereby:the wiper 188 of the switch 18% is:
returned to its home position. From. this point
on, the manner in which the:call;ferwarding ap-
paratus operates to again route a connection to
the line- I is exactly. the same.as described pre-
viously. From the foregoing explanation it will
be apparent: that. the call forwarding apparatus:
functions- repeatedly to forward a call through:
the: automatic switching apparatus of the ex-
change to the substation,designated by the set-
ting of the line selecting switch- 165 until the call
is.answered_at the last-mentioned substation or
is abandoned at the calling substation. In-this
regard, it will be apparent that if a call.as for-
warded to.the substation B; for example, is not
answered at this substation.and the-call is aban-
doned at the.calling substation, the cail forward-
ing apparatus- will- be-released and conditioned
for. furthel operation-in respense. to.the opera-
tien of the; relay.R145 to interrupt. the operating,
cireuit for the-relay RI20.and; thus, cause the
sequential release of the. relays Ri20, R1383, RI40:
and-R$38.in the manner. described above.

In, order to .render the-call forwarding: appa-
ratus: nomesponswe to.calls. routed- to ,the. line,
{3, it:is necessary that a second.connection be.
routed to. the control circuit 28 and then released.
For example, if the subscriber for whese service
the substation A is provided returns toe. this.sub-
station and attempts to.initiate a. call; he.is in-
formed by.the off-normal tone.sighal reproduced.
by the receiver provided at this:substation and
transmitted. to the. substation. over the circuit.
previously traced that the.call for forwarding ap-
paratus is conditioned .for operation. Upon re-
ceipt of the off-normal tone signal, the sub-
scriber may cause a connection to be. forwarded
to.the control circuit 20 by dialing the.single digit.
required to cause one.of the selector switches to,
seize this circuit. Assuming, for -example, that.
the connection is.routed: through the line.switch.
13 and the selector switch 18, when the selector.
switeh operates to seize the link line.25. and ex-
tends the calling loop -circuit by way.of .this link,
line through the windings of the-line.relay R210;,
the indicated line relay.operates-to complete; at,
RAZ1I, the path for connecting the. control con-.
ductor of the link line to ground,thereby to.main-
tain the. selector switch. 16 operated. When the.
control cireuit 28.is seized the:above-traced: cir-
cuif; is.completed for transmitting signal -current.
to -the .calling substation. In the. present case;:
with the relay. R258. operated, this circuit is en-.
ergized by the off-normal tone.current, thereby
to.indicate that the call forwarding apparatus, is
conditioned for operation.. At RA2{2, the relay
R2i0.recompletes the. operating circuit for the
slow-to-release hold relay R229.and. interrupts,
the. previcusly traced. path .short-circuiting, the
winding of the relay R288.. When. this path is
interrupted, the two_relays R258 ahd R260. are.
energized in series over a circuit extending. from.
ground by way.of the off-ngrmal springs 179,
RA252; the winding of R260 and the winding of,
R250 to battery. The relay R258.remains. oper-
ated so long. as it .is_energized over this circuit.,
When this circuit is completed, the relay.R260,
operates to open, at RA284,. a poinf in the operat-

“ing circuit for the relay R259.and a. point in the.

above-traced shert-circuiting .path. At RA2§2,
the. relay R260. opens.a_point in the .previously
traced holding. circuit for.the relay R2289:,

When the . connection as.routed,from. the. sub-
*station A to the control circuit 20 is released, the
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line relay R2190 restores to disconnect the control
conductor of the link line 25 from ground and
* thus initiate the release of the selector switch 16
~and line switch 13. At RA212, the relay R210
interrupts the operating circuit for the hold relay
R228, causing the last-mentioned relay to re-
store after an interval. Upon restoring, the relay
R220 interrupts, at RA223, the previously traced
operating circuit for the relay RI45, causing the
latter relay to restore and disconnect the re-
peater 166 from the conductors of the line 18.
At RA224, the relay R220 disconnects the release
conductor Ci98 irom ground, thereby to deener-
gize the relays RI0D and RI25 and to open a
point in the operating circuit for the pulsing
relay R130. The relay R100, at its armature 101,
interrupts, after an interval, the operating cir-
cuit for the relay R105. Thus, all of the relays
illustrated in Fig. 1 are restored to normal. = At
RA222, the relay R220, upon restoring, completes
an alternative circuit for energizing the oper-
ating magnet {16 of the line selecting switch 165.
This circuit extends from ground at RA2{2 by
way of RA222, Ci53, the off-normal springs 178,
the armature 177 and the winding of the magnet
176 to battery. Due to the circuit interrupting
action of the contacts associated with the arma-
ture 171, the magnet 176 operates buzzer fashion
and in cooperation with its associated ratchet
and pawl mechanism functions to drive the
wipers {17! to {73, inclusive, back to the normal
position. When these wipers are returned to
normal, the off-normal springs {78 are disen-
gaged to open the above-traced alternative cir-
cuit for energizing the magnet 176, thereby to
arrest the stepping operation of the wipers.
When the indicated wipers are returned to nor-
mal, the off-normal springs 179 are alsoc moved
out of engagement to interrupt the previously
traced operating circuit for the relay R230 and
the above-traced circuit serially including the
windings of the two relays R250 and R260. Thus,
all of the relays included in the control circuit
20 are released and this circuit is conditioned
for seizure in response to another connection
routed thereto. After the wipers of the switch
{55 have been returned to normal, the call for-
warding apparatus is fully released and, since the
repeater 169 is no longer connected to the con-
ductors of the line 18, is nonresponsive to calls
incoming to this line.

The apparatus illustrated in Fig. 3 of the
drawings is adapted to be used in lieu of the con-
trol circuit 20 for the purpose of controlling the
call forwarding apparatus illustrated in Fig. 1.
More particularly, this apparatus comprises an
auxiliary line 301 which is adapted to extend be-
tween a substation, such, for example, as the
substation A, arranged for call forwarding serv-
ice, and the call forwarding apparatus provided
in the central exchange in association with the
line extending to the substation arranged for call
forwarding service. The apparatus further com-
prises an auxiliary impulsing device 300 and a
start key 395 both of which are provided at the
substation. In the centra]l exchange the auxil-
iary line 381 terminates at the windings of the
line relay R3{0 which is arranged to control a
slow-acting hold relay R320. In order to adapt
the apparatus shown in Fig. 3 for use in con-
junction, with the call forwarding apparatus il-
lustrated in Fig. 1, when the latter apparatus is
connected to serve the substation A, the auxil-
lary impulsing device 300 and the start key 305
are conveniently installed at the substation A
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in any desired manner. “The line 331 is con-
nected between this substation and the call for-
warding apparatus, and the relays R310 and
R320 are conveniently assembled with the other
elements of the call forwarding apparatus lo-
cated in the central exchange. In the central
exchange the terminals 19f to 194, respectively,
are connected to the terminals 339 to 323. 'The
control circuit 29, including the off-normal
springs 1718 forming a part of the line selecting
switch' {65, may thus be dispensed with. Fur-
ther, the above-described signaling circuit, pro-
vided for the transmission of off-normal tone
signal current over the line 19, is no longer re-
quired and may be omitted from the apparatus
since the position of the key 305, which is of the
locking type, serves visually to indicate whether
or not the call forwarding apparatus is condi-
tioned for operation.

With the apparatus illustrated in Fig. 3 sub-
stituted for the control circuit 29 in the manner
described in the preceding paragraph, if the sub-
scriber for whose service the substation A is pro-
vided desires to condition the call forwarding
apparatus to respond to calls incoming to the line
{8, he may do so by operating the key 305 to its
off-normal position and operating the calling de-
vice 300 in accordance with the numerical value
of the digit designating the substation to which
the calls incoming to the line 19 are to be for-
warded. When the springs of the key 305 are
moved into engagement, through operation  of
this key to its off-normal position, an obvious
circuit including the conductors of the line 301
and extending by way of the pulsing springs em-
bodied in the calling device 300 is completed for
energizing the line relay R319. The relay R3i0,
upon operating, opens, at RA311 and its associated
resting contact, a point in the circuit traced here-
inafter for energizing the magnet 116 during the
release of the call forwarding apparatus. At
RA3I1 and its associated working contact, the
relay R310 completes an obvious circuit for en-
ergizing  the slow-to-release hold relay R320.
The relay R320, upon operating, opens, at RA32(
and its associated resting contact, a further point
in the circuit for energizing the magnet 116 dur-
ing the release of the apparatus. At RA321 and
its associated working contact, the relay R320
prepares a circuit for transmitting impulses to
this magnet for the purpose of operating the
switch 165 to fhe position corresponding to the
substation to which calls are to be forwarded.
At RA322, the relay R320 completes a circuit ex-
tending by way of the terminals 330 and 1914
for energizing the relay R145, causing the latter
relay to operate and prepare the previously traced
circult for energizing the relay R110 and connect
the repeater 169 to the conductors of the line 10.
At RA323, the relay R320 completes circuits com-

.monly exfending by way of the terminals 331 and

182, and substantially coincident with those pre-~
viously traced, for energizing the relays Ri008 and
R125, whereby these two relays and the relay
R105 are caused to operate: Following the oper-
ation of the relays R310, R320, R1i45, R160, R{05
and RI26, in the manner just explained and
during operation of the calling device 309, the
relay R8I0 is caused alternately to restore and
operate a number of times determined by the
numerical value of the digit dialed. Fach time
the relay R318 restores it opens, at RAZ3I1, the
operating circuit for the relay R328 and com-
pletes the above-mentioned circuit for energizing
the magnet 176, this. circuit extending - from
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ground by way -of RA3H, RA321, the terminals
333 and 194 and the windihg of the magnet 176
‘to battery. ‘Obviously, this circuit is interrupted
#ind ‘the operating circuit for the relay R32J is
yecompleted each time the relay R310 reoperates
'at the end 6f the open cireuit period of -an im-

434

pulse transmitted thereto. Due to its slow-to-re-

lease characteristic, the relay R320 remains ‘op-
eragted during impulsing. -Each time the magnet
116 is energiZzed and deenergized it functions in
cooperation with its ‘associated ratchet and pawl
‘mechanism to advanee the wipers 1711 to 173, in-
‘clusive, one-step. At the end of the digit, there-
‘fore, these wipers are left standing in engage-
ment with ‘the :contacts -corresponding to the nu-
“merical value of the digit' and also to the sub-
station to ‘which calls are to-be forwarded. At
‘the end- of the digit the line relay R318 is held
energized over the loop circuit including the line
301 so that this relay and the .relay R320 are
‘Held “in ‘their respective operated positions until
the key 385 is returned ‘to its normal position.
After the wipers of the switch 165 have been
Ppositioned in engagement with the-contacts cor-

responding to ‘the -substation to which -calls are o;

‘to be forwarded, this-apparatus responds to ‘calls
ineoming  to the line ¥8 by operating to cause
‘the ‘calls to ‘e forwarded to the ‘desired substa-
tion ‘in the exact manner described previously
With reference to ‘the arrangement including the
‘control cireuit '20. In order to render -the ‘call
forwarding apparatus ‘nonrespensive to calls
routed -to the line 18, it is .only necessary to
‘restore the key 3050 its normal position. 'When
‘the springs ‘of this key are disengaged, the lcop
¢ircdit including the windings of the line relay
‘R310 s interrupted and this relay restores to
‘open the operating circuit for the hold reldy
‘R3¥78. The last-méntioned relay, upon restoring,
comipletes, at RA321, the above-traced circuit for
‘causing the wipers of the switch 65 to be re-
‘turned to normal. This circuit extends from
-grotind at RA3{1 by way of RA32I, the terminals
332 and 1923, the off-normal springs 178, the ‘ar-
mature 1171 and ‘the winding of the magnet {78
‘to ‘battery. Due to the circuit interrupting ‘ac-
tion of ‘the contacts associated with the-armature
177, the ‘magnet 176 in cooperation with its asso-
ciated ratchet and pawl mechanism, operates to

return the wipers 71 to 173, inclusive, to normal -

-at which time the springs 438 are disengaged to
interrupt ‘the above-traced -release circuit and
thus ‘arrest the stepping operation of the wipers.
Upon réstoring, the relay R320 also opens, at
RA522, the dbove-traced circuit for energizing
the 'relay R143, causing the latter relay to restore
‘and disconnect the windings of the repeater 150
Sfrom ‘across the conductors of the line 18. At
‘RA323, ‘the relay R320 opens the above-traced
-operating circuits for the relays R488-and Ri23,
Gausing'both of these relays-to restore. The relay
RI08, after an interval, opens the operating cir-
it Tor the relay Ri05, causing the last-men-
“tioried relay to restore. ‘Thus, -the call forward-

ing ‘apparatus is fully restored to nhormal and is «g:

reéndered nonresponsive to ‘calls routed through
the automatic -switching apparatus -of -the ex-
:change to the line 10.

While there has been described what are -at
‘present considered to be the preferred embodi-
‘ments-of the invention it will be understood that
-various modifications :may be made therein, ‘and
it -is ‘contemplated to -cover in -the ‘appended
:claims :all such modifications ‘as fall Wwithin “the
“rue spiritiand scope.of‘the-invention,
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What'is claimed is:

‘1. In an gutomatic telephone system, dan ex-
change, a plurality of subscribers’ lines extending
to said exehange, said exchange comprising-auto--
matic switching apparatus for setting up connec-
tions ‘between said lines, call forwarding appara-
tus in said -exchange, said call forwarding appa-
ratus being operative to forward calls incoming
to one cf said lines through said automatic
‘switching apparatus to any one of several other
lines -of the system, a relay adapted to be con-
‘nected to ‘said one line to respond to ringing cur-
rent transmitted over said one line and operative
to initiate the operation of said call forwarding
apparatus, and means ‘controllable over said one
line for connecting said relay to said line,

2. In an automatic telephone system, an ex~
change, a plurality of subscribers’ lines extend-
ing to said exchange, said exchange comprising
automatic switching apparatus for setting up
‘connections between said lines, call forwarding
-apparatus in said -exchange, said call forwarding
apparatus ‘including a register operative direc-
tively to .control said automatic switching ‘ap-
paratus to extend a connection from one of said
‘lines to any selected one ‘of a number of the
other lines, a relay adapted to be connected to
‘said-one line to respond to ringing current trans-
‘mitted over said one line and operative to initiate
the operation of said call forwarding apparatus,
and means controllable over said one line for
-controlling said register to select the one of said
other lines to which calls are to be forwarded
-and for connecting said relay to said one line.

3. In a telephone system, a subscriber’s line,
-other lines, a register, automatic means control-
lable over any line of the system for variably
setting said register in accordance with the di-
rectory designation of ancther of said lines, and
means operative when a call is directed to said
‘subscriber’s line -under the -condition of the reg-
ister being set, for causing said ‘call to be routed
to ‘the one of said other lines corresponding to
the: setting of said register.

‘4, In a telephone system, a subscriber’s line,
-other lines, a register, automatic means control-
‘1able -over said subscriber’s line and operative in
response to a single digit-of impulses transmitted
-thereto for variably setting said register in ac-
ccordance with the directory designation of any
one of a plurality of said other lines, and means
operative when a call is .directed to said sub-
-seriler’s line under the condition of the register
being set, for causing said call to be routed to

5 the one of said other lines corresponding to the

setting of said register.

5. In .a teléphone 'system, a subscriber’s line,
‘other.lines; a register, automatic means confrol-
‘lable ‘over -any line of the system and operative
in response to a single digit of impulses trans-
‘mitted ‘thereto for variably setting said register
in accordance with the directory designation of
-another of said lines, and means operative when
g call is directed to said subscriber’s line under
‘the condition of the register being set, for caus-
‘ing said call fo be routed to the one of said -other
‘lines ‘corresponding to the setting of said register.

6. In -an automatic telephone system, a plu-
‘rality of subscribers’ lines, automatic switching
-apparatus for setting up connections between
said lines, call forwarding apparatus associated

-with cne of ‘said lines, said call forwarding ap-
-paratus ‘being ‘operative to forward calls incom-

ing~to -said one line through said automatic
;switching apparatus to any one of several -other
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lines of the system, means for initiating the
operation of said call forwarding apparatus, and
means controllable over any line of the system
for conditioning said last-named means to op-
erate in response to a call routed to said one
line.

7. In an automatic telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setfing up connections between
said lines, call forwarding apparatus associated
with one of said lines, said call forwarding ap-
paratus including a register operativedirectivelyto
control said automatic switching apparatus to ex-
tend a connection from said one line through
said automatic switching apparatus to any se-
lected one of a number of the other lines, means
for initiating the operation of said call forward-
ing apparatus, and means controllable over any
line of the system for controlling said register
to select the one of said other lines to which
calls are to be forwarded and for conditioning
said last-named means to operate in response to
a call routed to said one line.

8. In an automatic telephone system, a plu-

rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, call forwarding apparatus individual
~to one of said lines and operative to forward calls
“incoming to said one line to another of said
lines, a circuit for controlling said call forward-
ing apparatus, said automatic switching appa-
ratus including a selector switch having .access
" to said circuit through its outlet contacts, where-
by said circuit is controllable over any lifie of
the system, and means included in said circuit
and controllable over a connection including any
one of said lines and extending through said
selector switch for conditioning said call for-
warding apparatus to operate in response to a
call routed to said one line.

9. In an automatic telephone system, a plural-
ity of subscribers’ lines, automatic switching ap-
paratus for setting up connections between said
lines, call forwarding apparatus individual to one

of said lines and operative to forward calls in- .

coming to said one line to another of said lines,
a circuit for controlling said call forwarding
apparatus, said automatic switching apparatus
including a selector switch having access to said

circuif, whereby said circuit is controllable over ;

any line of the system, said circuit comprising
means controllable over a connection including
one of said lines and extending through said se-
lector switch for conditioning said call forward-
ing apparatus to operate in response to a call
routed to said one line, and means responsive to
‘seizure of said circuit by said switch for trans-
mitting a signal over said connection to the call-
ing end thereof. '

10. In an automatic telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, call forwarding apparatus associated
with one of said lines and operative to forward
calls incoming to said one line to another of
said lines, a circuit for controlling said call for-
warding apparatus, said automatic switching ap-
paratus including a selector switch having access
to said circuit, whereby said circuit is control-
lable over any line of the system, said circuit
compriisng means controllable over a connection
including one of said lines and extending through
said selector switch for conditioning said call
forwarding apparatus to operate in response to a
call routed to said one line, and means operative
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in response o the release of a connection routed
through said switch to said circuit following the
release of said last-mentioned connection for
rendering said call forwarding apparatus non-
responsive to calls routed to said one line.

11. In an automatic telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, call forwarding apparatus associated
with one of said lines and operative to forward
calls incoming to said one line to another of
said lines, a circuit for controlling said. call for-
warding apparatus, said automatic switching ap-
paratus including a selector switch having access
to said circuit, whereby said circuit is controlla-
ble over any line of the system, said circuit-com-
prising means controllable over a connection in-
cluding one of said lines and extending through
said selector switch for conditioning said call for-
warding apparatus to operate in response to a
call routed to said one line, means operative in
response to the release of a connection routed
through said switch to said circuit following the
release of said last-mentioned connection for
rendering said call forwarding apparatus nonre~
sponsive to calls routed to said one line, and
means responsive to seizure of said circuit by said
switeh for transmitting one signal over the con-
nection routed through said switch in the event
said call forwarding apparatus is conditioned to
respond to calls routed to said one line and for
transmitting a different signal over said last-
mentioned connection in the event said call for-
warding apparatus is not conditioned to respond
to calls routed to said one line.

12, In an automatic telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, call forwarding apparatus associated
with one of said lines and operative to forward
calls incoming to said one line to another of said
lines, a circuit for controlling said call forward-
ing apparatus, said automatic switching appa-
ratus including a selector switch having access
to said circuit, whereby said circuit is controlla-
ble over any line of the system, said circuit com-
prising means controllable over a connection in-~
cluding one of said lines and extending through
said selector switch for conditioning said eall for-
warding apparatus to operate in response to a
call routed to said one line, means operative in
response to the seizure of said circuit by said
switch in setting up a second connection to said
circuit following the release of said last-men-

5 tioned connection for transmitting a signal over

said second connection, and means operative in

" response to the release of said second connection

for rendering said call forwarding apparatus
nonresponsive to calls routed to said one line.
13. In an automatic telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, and call forwarding apparatus includ-
ing a circuit accessible to certain of the auto-
matic switches included in said automatic switch-
ing apparatus through the outlet contacts of said
switches, said circuit including means operative
in response to seizure thereof over a first conhec-
tion routed thereto from any one of said lines
for conditioning said call forwarding apparatus
to forward calls incoming to a predetermined
one of said lines to another of said lines, and
means operative in response to the release of g
second connection routed to said circuit from
any one of said lines for.rendering said call for-
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-warding -apparatus nonresponsive to calls incom-
-ing to said predetermined line.

i4. In- an automatic telephone system, a plu-
- rality of -subscribers’ lines, :automatic:switching

apparatus for setting up connections. between

-said lines, and call forwarding apparatus includ-
“ing a ‘circuit accessible to certain of the auto-
~matic-switches included in said automatic switch-
‘ing -apparatus, -said circuit including means op-
-erative in response to seizure:thereof over a first
connection routed thereto for conditioning said
- call forwarding apparatus to forward calls in-
—coming to one of said lines to ‘another of said
lines, means operative in response to the release
-of ‘a 'second connection routed to said circuit for
- rendering -said call forwarding apparatus non-
~responsive to “calls incoming :to said one line,
- and  means- responsive to seizure of said circuit
for ‘transmitting one signal over the connection

-routed to said circuit in the-event said call for- 2

-warding apparatus is conditioned to respond to
calls incoming to said one line and for transmit-
~ting: a different signal over said last-named con-
‘nection in the event said call forwarding appa-

‘ratus is not conditionéd to respond to calls in-:

coming to said one line.

©15."In -an-automatic - telephone system, a plu-
rality of subscribers’ lines, automatic switching
apparatus for setting up connections between
said lines, call forwarding apparatus individual
to ‘one of -said lines and including an impulse
~sender for'directively controlling said automatic
~switching apparatus to forward calls incoming
~to said one line to. a -selected one of the cther

lines and an impilse responsive switch for se- ::

lecting any one of said other lines and for con-
" trolling ‘the operation of said impulse sender in
accordance with the line selected, control means
operative to initiate the operation of said im-
~pulse sender,-a circuit for controlling said call
- forwarding apparatus, said automatic switching
-apparatus ineluding means operative to establish
& .connection between said circuit and any line
of ‘the system, said circuit including means for
~pepeating - to-said -impulse responsive switch im-
pulses transmitted over said connection, thereby
- to cause said-switch-to select the one of said other
lines to-which -calls routed to said one line are
o be forwarded, and means for conditioning said
-control means to-operate in response to a call
routed -£0.said one line.

-16...In.an: automatic telephone system, a plu-
‘rality of :subscribers’ lines, automatic switching
-apparatus for.setting up:connections between said
-lines;call.forwarding apparatus individual to one
-of:said:lines and including an impulse sender for
-directively controlling  said automatic switching
-apparatus-to: forward calls incoming to said one
line-to:a 'selected one of the other lines and an
-impulse responsive switch for-selecting: any one
—-of:said other lines and for controlling the opera-
tion: of said: impulse:sender.in:accordance with
. the line selected, control means operative to ini-
tiate the operation-of said impulse sender, a ‘cir-
cuit -for ~controlling :said.call. forwarding -appa-
- ratus,~said - automatic ‘switching -apparatus in.
cluding. means operative to:establish a connec-
tion between: said circuit and any line of the. sys-
dem,~said: circuit including means for repeating
«to-said.impulse responsive switch impulses trans-
~mitted - over- said connection, thereby to cause
.said-switch to 'select the-one of said other lines
-to.which calls: routed to-said: one.line. are to be
‘forwarded,. means forconditioning:said control
_means-to gperate in-response:ta:a.call routed to
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said one line, and means operative 'in response
to. the release of a second. connection routed. to
said circuit for releasing said impulse responsive
switch and for rendering: said control means non-
responsive to calls routed to said .one line.

i7. In an automatic telephone system com-

.prising a plurality of subscribers’ lines and auto-

matic switching apparatus for-setting up con-
nections. between said lines, call forwarding.ap-

- paratus individual to -one of said:lines and oper-

"~ ative to forward calls incoming:to said one.line
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toranother selected line, said call forwardly-ap-
paratus comprising a switch controlled inraccord-
ance with impulses transmitted thereto over-any

line of the system for selecting.the line:to. which

said calls-are-to be forwarded, an:impulse ;sender
controlled. in.accordance with the setting:of said

~gwiteh.for transmitting to.-said automatic switch-

ing apparatus.the impulses .of the directory num-

‘ter designating.the selected line, means ‘operative

in response t0°a call routed to said one:line: for

. initating the operation of said-sender, and means

controllable cver any line -of :the system-for.re-
leasing said switch and.for: rendering -said last-
named means. nonresponsive- to .calls routed-to
said one.line,

18.:In an automatic -telephone system com-

- prising a.plurality of subscribers’ lines and. auto-

matic switching .apparatus for setting .up .con-
nections ‘between said lines, call forwarding ap-
paratus.individual:to. one of said lines and oper-
ative to.forward calls incoming to:said. one.line
to another selected line; said.call forwarding. ap-
paratus comprising a line selecting switch includ-
ing a plurality of sets .of contacts individually

-corresponding . to .the.impulse .digits of directory

numbers. designating .said other lines, wipers.op-
erative to engage. corresponding contacts. of -said
contact .sets. thereby to. select the -digits- of - the
directory numbers designating -said other-lines,
and means adapted to be controlled .in .accord-
ance with impulses transmitted .over any line of

.the gsystem for operating said wipers to engage
“the contacts corresponding to.a.line:-to which

calls are.to be forwarded, an impulse sender for
transmitting impulses to said automatic switch-
ing apparatus, a.sending. control. switch . oper-
ative in response to operation of .said impulse

. sender, a digit sequence switch, means controlled

by apparatus including said .sending .control
switch for controlling said sequence switch..to
cause the operation thereof at the end of.each
digit of impulses transmitted by -said. impulse
sender, means including said . sending . control
switch and said sequence switch for causing said

‘sender to transmit to said.automatic switching

apparatus the impulses making up the digits.of
the directory .number of the line to which calls
are to be forwarded, and means. operative. .in
response to a call routed to said. one line for ini-
tiating the operation of said impulse sender.

19, In an sutomatic telephone system com-
prising a plurality of subscribers’ lines and auto-
matic switching apparatus for setting up .con-
nections between said lines, call forwarding:ap-
paratus individual to-one of said lines and opera-
tive to'forward calls incoming to said one’line
to another selected line, said call forwarding
apparatus comprising a line selecting switch in-

‘cluding a plurality of sets of contacts individually

corresponding to the impulse digits of directory
numbers designating said other lines, wipers. op-
erative to engage corresponding contacts of said
contact sets thereby to select the digits of the
directory numbers designating said other lines,

~and means adapted -to be controlled -inaccord-
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-ance-with impulses transmitted over-any line of
the system for operating ‘said wipers to-engage
the contacts corresponding to a line to:which
calls are to be forwarded, an impulse sender for
transmitting impulses to said automatic switch-
ing apparatus, a sending control switch operative
in response .to operation of said impulse sender,
a8 digit sequence switch, means controlled by ap-
paratus including said sending control switch
for controlling said sequence switch to cause the
operation therecf at the end of each digit of
impulses transmitted by said impulse sender,
means including said sending control switch and
Said sequence switch for causing said sender to
transmit to said automatic switching apparatus
the impulses making up the digits of the directory
number of the line to which calls are to be for-
warded, a timing device, means operative in re-
sponse to a call routed to said one line for ini-
tiating the operation of said timing device, and
means controlled by said timing device for initi-
ating the operation of said impulse sender 3 pre-
determined time interval after said call is routed
to said one line.

20, In an automatic telephone system compris-
ing a plurality of subscribers’ lines and automatic
switching apparatus for setting up connections
between said lines, a repeater.including a first
winding adapted to be connected across the con-
ductors of one of said lines and a second winding
adapted to be included in a calling loop circuit
extending to said automatic switching apparatus,
call forwarding apparatus individual to said one
line and operative to forward calls incoming to
said one line to another -selected line, a switch
adapted to be controlled in accordance with im-
bulses transmitted thereto over any line of the
system for selecting the line to which said calls
are to be forwarded, means operative in response
to said impulses for connecting said first wind-
ing across the conductors of said one line, an im-
pulse sender controlled in accordance with the
setting of said switch for transmitting over said
calling loop circuit the impulses of the directory
number designating the selected line, and means
operative in response to a call routed to said one
line for completing said calling loop circuit and
for initiating the operation of said sender.

21. In an automatic telephone system compris-
ing a plurality of subscribers’ lines and auto-
matic switching apparatus for setting up connec-
tions between said lines, a repeater including a
first winding adapted to be connected across the
conductors of cne of said lines and a, second wind-
ing adapted to be included in a calling loop cir-
cuit extending to said automatic switching ap-
paratus, call forwarding appsratus individual to
said one line and operative to forward calls in-
coming to said one line to another selected line,
a switch adapted to be controlled in accordance
with impulses transmitted thereto over any line
of the system for selecting the line to which said
calls are to be forwarded, a timing device, means
operative in response to said impulses for con-
necting said first winding across the conductors of
said one line and for conditioning said timing de-
vice for operation, an impulse sender controlled
in accordance with the setting of said switch for
transmitting over said calling loop circuit the im-

pulses of the directory number designating the ;

selected line, means operstive in response to g call
routed to said one line for completing said calling
loop circuit and for initiating the operation of
said timing device, and means controlled by said
timing device for initiating the operation of said
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-sendeta’ predetermined time.interval:after.said
-loop: circuit is ‘completed.

- 22. In*automatic stelephone: system: compris-
ing a'plurality of. subscribers’ lines. and: auto-

~matic'switching apparatus:for-setting: upconnec-

tions between’ said lines, a’repeater dncluding:a,
first winding adapted to be connected:acrosy:the
-conductors of one of said lines and: a secondwirid-
ing adapted to be included in a calling loop cir-
cuit extending to said automatic switching ap-

. Dbaratus, call forwarding apparatus individual to
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said one line and operative to forward calls in-
coming to said one line to another selected line,
a line selecting switch including a plurality of
sets of contacts individually corresponding to the
impulse digits of directory numbers designating
said other lines, wipers operative to engage cor-
responding contacts of said contact sets, thereby
to select the digits of the directory numbers des-
ignating said other lines, and means adapted to
be controlled in accordance with impulses trans-
mitted over any line of the system for operating
said wipers to engage the contacts corresponding

“to the line to which calls are to be forwarded,

means operative in response to said impulses for
connecting said first winding across the con-
ductors of said one line, an impulse sender for
transmitting impulses over said calling loop cir-
cuit to said automatic switching apparatus, a
sending control switch operative in response to
operation of said impulse sender, a digit sequence
switch, means controlled by said sender control
switch for controlling said seguence switch to
cause the operation thereof at the end of each
digit of impulses transmitted by said sender,
means including said sending control switch and
said sequence switch for causing said sender to
transmit over said calling loop circuit the im-
pulses making up the digits of the directory num-
ber designating the line to which calls are to be
forwarded, and means operative in response to a
call routed to said one line for completing said
calling loop circuit and for initiating the opera-
tion of said sender.

23. In an automatic telephone system compris-
ing a plurality of subscribers’ lines and auto~
matic switching apparatus for setting up connec-
tions between said lines; a repeater including a
first winding adapted to be connected across the
conductors of one of said lines and a second wind-
ing adapted to be included in a calling loop cir-
cuit extending to said automatic switching ap-
paratus, call forwarding apparatus individual to
said one line and operative to forward calls in-
coming to said one line to another selected line,
a line selecting switch including a plurality of
sets of contacts individually corresponding to the
impulse digits of directory numbers designating
said other lines, wipers operative to engage cor-
responding contacts of said contact sets, thereby
to select the digits of the directory numbers desig-
nating said other lines, and means adapted to be
controlled in accordance with impulses trans-
mitted over any line of the system for operating
said wipers to engage the contacts corresponding
to the line to which calls are to be forwarded, a
timing device, means operative in response to said
impulses for connecting said first winding across
the conductors of said one line and for condition~
ing said timing device for operation, an impulse
sender for transmitting impulses over said calling
loop circuit to said automatic switching appara-
tus, a sending control switch operative in re-
sponse to operation of said impulse sender,. g
digit sequence switch, means controlled by said
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‘sender control switchi for controlling said se-
guence switch to cause the operation thereof at
the end of each digit of impulses transmitted by
said sender, means including said sending con-
trol switch and said sequence switch for causing
said sender to transmit over said calling loop cir-
cuit the impulses making up the digits of the di-
rectory number designating the line to which calls

are to be forwarded, means operative in response
to a call routed to said one line for completing
said calling loop circuit and for initiating the op-
eration of said timing device, and means con-
trolled by said timing device for initiating the
operation of said sender a predetermined time in-
terval after said loop circuit is completed. '
JOHN WICKS."



