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The present invention relates to automatic
telephone systems in general but is con-
cerned more particularly with such systems
as comprise main and subexchanges and the
object, briefly stated, is the provision of new
and improved circuit- arrangements where-
by the operation of the holding circuits em-
ployed on sub to main exchange trunks is

improved and rendered’ more efficient and .

L3

reliable. . i

A further object of the invention is ?he
prevention of preliminary impulses which
may occur when a subexchange subscriber
removes his receiver.

Other objects which have to do with the
detailed operations of the circuits involved
will be pointed out and explained in the
detailed course of the specification. ,

Referring now to the drawings, which
comprise Figs. 1, 2, and 3, Figs. 1 and 2,

when placed in order with the correspond-.

ing lines at the ends thereof in alignment,
repréesent by means of the usual circuit dia-
grams a sufficient amount of apparatus for
-a complete connection between a calling sub-
exchange substation and a called main ex-
change substation.

Fig. 8 shows a desirable modification of
the equipment shown in Fig. 1, which is
used when the so called plunger type of line
switch is used. '

The apparatus shown in Figs. 1 and 3 is

assumed to be located in the subexchange
and the apparatus shown in Fig. 2 is as-
sumed to be located in the main exchange.

The substations A and A2, Figs. 1 and 3, ‘

respectively, are of the usual automatic
type. : o :

yl'i‘he line switch C, Fig. 1, in which the
‘line of substation A terminates, is of the
well known rotary type in which the wipers
‘have no normal position and move in a for-
ward - direction only. The line switch (’,
Fig. 2, is an exact duplicate of the line

5 switch C.

. The holding circuit D, Fig. 1, is provided
primarily for the purpose of permitting the
third conductor to be eliminated from the
trunk X which extends to the main ex-
change. Other functions of this device will
be explained fully hereinafter.

The selector E, Fig. 2, is mechanically of-

the well known vertical and rotary type in
which the bank contacts are arranged in
horizontal rows or levels. The circuit oper-
ations and functions of such a switch are
well ‘known and consequently they do not
need to be dwelt upon.at this time. The
selector F, which is denoted by the dotted
rectangle bearing that reference character,
is assumed to be an exact duplicate of the
selector E with ‘the exception of the addi-
tion of an incoming release trunk conductor
which is connected to the upper armature of
the release relay thereof.

‘The connector H is mechanically identical
with the selector E or the selector F. Most
of the circuits of this connector, being old
and well known, have been omitted, only
the line, release, and back bridge relays be-

ing shown.

Referring now to Fig. 8, the line switch
C? shown therein is of the well known
plunger type; and the holding circuit D’ isa
modification of the holding circuit D, Fig.
1, as will be pointed out fully hereinafter.

Certain of the slow-acting relays such as
15 have a copper slug on the armature end
and are both slow to energize and slow to
deenergize; while other slow-acting relays
such as.41 have the slug on the end opposite
the armature, and are only slow to deener-
gize. This distinction is indicated in the
drawings by showing the slugs on relays
such as 15 in solid black, and the slugs.on

‘relays such as 41 by section lines.

The apparatus, having been described in
general, will now be described in connection
with a detailed description of its operation.
For this purpose it will be assumed that the
subscriber at substation A, Fig. 1, in the
subexchange, desires to converse with the
subscriber at substation A’, Fig. 2, in the
main exchange. When the receiver is re-
moved at the calling substation A, a circuit
is closed over line conductors 11 and 12 for
line relay 15 of the line switch C. Line re-
lay 15, upon energizing, places ground upon
private normal econductor 13 at armature 20,
thereby closing a circuit for switching re-
lay 14 and stepping magnet 21 in series, and
at armature 19 connects test wiper 23 to the
circuit at a point between switching relay
14 and stepping magnet 21, '
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From_this point the operation depends
upon whether the trunk upon which th
wipers of the line switch are standing is
busy or idle. If it is idle, switching relay
14 energizes immediately, but if it is busy
the said switching relay 14 is short circuited
by the ground potential which is present
upon the test contact of the busy trunk, and
stepping magnet 21 by its buzzer like action
advances the wipers 22-24, inclusive, step
by step until they arrive upon the contacts
of an 1dle trunk. ,

Assuming that the trunk comprising con-
ductors 28-30, inclusive, is the first one
found to be idle, switching relay 14 being
no longer short circuited after the switch
wipers arrive upon contacts 25-27, inclusive,
energizes in series with stepping magnet 21
but the said stepping magnet 21 does not en-
ergize at this time on account of the high

resistance of switching relay 14, As a result

of the energization of switching relay 14,
it opens the test circuit and prepares the
holding circuit at armature 17, thereby
placing ground upon release trunk com-
ductor 29 of the seized trunk and making
the said trunk busy immediately. As a fur-
ther result of the energization of switching
relay 14, it disconnects the incoming line
conductors from the winding of line relay 15
and from ground and extends them by way
of armatures 16 and 18 and their working
contacts, wipers 22 and 24, and bank con-
tacts 25 and 27, to the conductors 28 and
30 of the seized trunk. Line relay 43 of the
holding circuit D and line relay 60 of the
selector E, Fig. 2, energizes in series with
each other.- The energization of line relay
60 of the selector E closes a circuit for re-
lease relay 61, whereupon the said release
relay 61 energizes, thereby preparing the
switch for operation in the usual manner.
Before going further with the explanation
of the operation of the holding circuit D,
Fig. 1, certain of its functions will be con-
sidered in a general way. One function of
the holding circuit D is to lock a calling line
switch in its operated position and give a
signal to an attendant when the said hold-
ing circuit is seized, in case the trunk X

is open. A second function of the holding.

circuit' D which logically follows after the
first named one is to prevent a subscriber
from locking his line switch in on a trunk
by raising his switch hook just sufficiently

" to close the line circuit, thereby operating
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the line switch C; and then permanently
opening the line circuit by lowering his
switch hook after his line switch has been
locked in on a trunk and before it has been
unlocked by the subsequent operation of the
line and release relays of the seized holding
circuit. . o
Another function of this holding circuit
is to prevent an accidental opening of the

the

. 1,610,346

line, after the receiver has been removed

sufficiently to allow the line to be closed

ering
lector.

.and before the receiver has been entirely re- - -
moved from . the switch hook, from. deliv-
a preliminary impulse to a first se-.

o0

With these functions in view, the op’era-v,_;"_. i
tion of the holding circuit D will now be*"

proceeded with. When the- ground poten--

tial is placed upon release trunk conductor
29 at armature 17 of switching relay 14 of

the line switch C, a circuit is closed for
relay 41 of the holding circuit D by way
of armature 47 of release relay 42 and its"

resting contact. Relay 41, upon energizing,
places a multiple ground upon release trunk

76

80

conductor 29 at armature 45, thereby com-

pleting the usual holding circuit for switch-
ing relay 14 of the line switch C and com-
pleting. a locking circuit for itself. It will
be seen now that if line and release relays
43 and 42 do not energize, or in other words
if the trunk X is open, relay 41 will remain
energized and the line switch C will remain
locked on the seized trunk.

In order to give an alarm to an attendant,
relay 41, upon energizing, places ground
upon the common alarm conductor 50 at
armature 46, thereby closing a circuit for
alarm relay 51 whereupon the said relay
energizes; closes a circuit for the lamp L
at armature 52; and at armature 53 closes a
circuit for the alarm buzzer B. The at-
tendant, upon hearing the buzzer B and
noting the lighted condition of the lamp L,
may take the necessary steps to clear the
trouble.

It will be observed that when relay 41 en-
ergizes to lock the line switch C on the seized
trunk resistance 40 is bridged across con-

“ductors 28 and 30 at armature 44. 'This is

done so that the subscriber cannot leave the
line switch locked in on a trunk whichis not
open by opening his line conductors imme-
diately after having closed them.

Another object accomplished by the bridg-
ing of the resistance 40 across the conductors
28 and 30 is to prevent the subscriber from
accidentally opening the circuit of line relay
60 of the selector E, while removing his re-
ceiver, after the holding circuit D has been
seized. '

Assuming now that the trunk line X is not
open, in which case line relays 60 and 43 of
the selector E, and trunk circuit D, respec-
tively, energize, as described, upon the seizure

of the trunk X. Line relay 43 of the hold-
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ing circuit D, upon energizing, closes a cir-

cuit for relcase relay 42 at armature 48. Re-
lease relay 42, upon energizing, opens the
circuit of relay 41 at armature 47, at the
same time placing a multiple ground upon
release trunk conductor 29. Relay 41, upon
deenergizing; after a slight interval, opens
the alarm circuit at armature 46, whereupon

130
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alarm relay 51 deenergizes. It may be said
that in the ordinary operation of the system

that the energization of alarm relay 51 is not
. of sufficient duration to attract the attention
- of the attendant. As a further result of the

deenergization of relay 41 it removes ground

~_from the release trunk conductor 29 at arma-

10

15

. 20

- relay 60 of the selector

ture 45, leaving the said conductor 29 ground-
ed at armature 47 of release relay 42. As a
still further result of the deenergization of
relay 41, it removes_the resistance 40 from
in bridge of the conductors 28 and 30 at ar-
matuve 44, thereby leaving the control of line
and of line relay
43 of the holding circuit D with the callin

subscriber. By this time, however, he will

have removed his receiver entirely from the-
~ switch hook so that there is no further Iikeli- *

hood of an accidental opening of the line. -
It will be noted that the lower winding
of line relay 60 of the selector E is not con-

nected to ground directly but is lead through

the left hand winding of the transformer as-

- sociated with the tone machine . T.. GConse-

25

30

35

quently, as soon as the resistance 40, Fig. 1,
is removed from in bridge of the conductors

98 and 30, upon the deenergization of relay

41, the calling subscriber hears the tone pro-
duced by the tone machine T, not having
heard it before on account of the shunting ef-
fect of the non inductive resistance 40, and
begins to operate his calling device in ac-
cordance with the various digits in the de-
sired number. , -
. The remaining operation, which has to do
with the setting up of the connection is old

and will not needto be explained. It will

“suffice to say that, after the connection is

40
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finally extended to the called line, by way of
second selector F, connector H?, ‘and - line
switch C’, and after the subscriber at the
called substation A’ has answered, the two
subscribers may converse with each.other
over the talking circuit shown which is out-
lined by the heavy conductors.

After the conversation is completed the
two subscribers replace -their receivers.

- When the receiver is replaced at substation

50
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A the selectors E and F and the ‘connector
H are restored to normal position in the
usual manner. In the subexchange, line re-
lay 43 of the holding circuit D, upon deen-
ergizing, opens. the circuit' of release relay

49 at armature 48. Release relay 42, upon

deenergizing, removes ground from release
trunk conductor 29 at armature 47, where-
upon switching relay 14 of the line switch
C ‘deenergizes, thereby restoring conditions
in the said line switch C to normal. The en-

tire connection is now released and the ap-
paratus used therein is restored to normal”
C - . 166 from in bridge of the trunk conductors,

condition.
Referring now particularly to Fig. 3, the

apparatus shown therein, which corresponds:

to the apparatus shown in Fig: 1, will be ex-

Jing 11

-alarm.

plained. The trunk line X', it will be under-
stood, extends to a selector in the main ex-
change similar to the selector E, Fig. 2. As-
suming now that the subscriber at substa-
tion A2 desires to make a call, a circuit is
closed over line conductors-111 and 112 for
line relay 114 of the line switch . C%.. Upon
energizing, line relay 114 closes a circuit for
pull in wmdiné 118 whereupon plunger arm
115 and cut off armature 116 are operated.
Plunger. arm 115, upon. being operated,
through the medium of a plunger (not
shown) forces the bank springs 130—133,
inclusive, into engagement with bank con-
tacts 134—137, inclusive, thereby connecting go
line conductors 111 and 112 through to: the
trunk line X’ at springs 130. and 133, and
closing a locking circuit for holding wind-
% at springs 131 and 132, which lock-
ing circuit includes the lower winding of
relay 151 of the holding circuit D’ and arma-
tures 154 and 160. - Relay 151 of the holding’
circuit D’, upon energizing in series wit
holding winding 117, closes a locking circuit
for itself at armature 157 which locking cir-

70

(]

90

.cuit includes the resting contact of armature

154 and said armature, and spring 132 and

its associated contact. 'As a further result

of the energization of relay 151 it places
ground upon the common alarm conductor
163 at armature 158, thereby operating alarm

93

relay 164. As a further result of the ener-

gization of relay 151 it places resistance 166

in bridge of the conductors of the seized trunk
at armature 156, thereby guarding against a 100
lock up being caused gy a momentary re-

moval of the receiver or a like cause and

preventing preliminary impulses, .in the
previousl;g described manner. It will be
seen now that if one of the conductors of the 105
trunk X’ is open, or if line and release relays
153 and 152 fail to energize, the line switch
C? will remain locked on the seized trunk
and the attendant will be given the usual
Assuming now that the conductors of the :
trunk X’ are continuous, line relay 153, upon
energizing, closes a circuit for release relay
152 at armature 162.; Release relay 152,
upon energizing, removes the initial ground 115
potential from release trunk-conductor 138
and places direct ground -thereon at arma- -
ture 160, and opens the alarm circuit at ar-
mature 161. Relay 150, upon energizing in
multiple with release relay 152, opens its 120

“initial circuit and closes a locking circuit for

itself, including spring 132 and contact 136

at armature 155. As a further result of the -
energization of relay 150, it opens the cir-
cuit of relay 151 at armature 154. Relay 123
151, upon_ deenergizing, removes resistance

thereby leaving the control of the connec-
tion with the calling subscriber and permit-
ting him to hear the trunk tone placed on 130
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the line by the selector to- which the trunk
X’ extends. ’ .
When the calling subscriber replaces his
receiver, after having called his number, the
circuit of line relay 158 is opened and the
said relay, upon deenergizing, opens the cir-
cuit of release relay 152 at armature -162.
Release relay 152, upon deenergizing, re-
moves ground from release trunk conductor
138 at armature 160, whercupon the plunger
arm 115 of the line switeh C? is withdrawn
and cut off armature 116 restores. In re-
sponse to spring 132 breaking away from
contact 136, relay 150 deenergizes, thereby
connecting 1ts winding in multiple with re-

lease relay 152 at armature 155 and prepar-.

ing a circuit for relay 151 at-armature 154.
The line switch C? and the holding circuit
D’ are now in normal condition.

The various features of the invention,
having been. described and ascertained, will
now be pointed out in the following claims.

What is claimed is: ,

1. In a telephone system, an automatic
switch, a trunk line terminating in said
switch, a line relay in said switch bridged
across the said trunk line, means for extend-
ing a calling line to said trunk line, means
at the exchange for automatically complet-
ing a circuit for said relay over a talking

" conductor of said trunk to energize the said

35
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relay independent of the calling line, a sec-
ond relay connected in the said trunk in se-
ries with said Hne relay, and means con-~
trolled by said: second relay for opening

. said eircuit.

2. In a telephone system, a calling line and
a- called line, a switch controlling device on
said calling line, means including a sub-
scriber controlled automatic switch for .ex-
tending a connection from said calling line
to 'said called line, means responsive to an
initiation of ‘a call by a subscriber on sidid
calling line for connecting said calling line
and said switch together whereby said.
switch is placed under the control of said
switch controlling device, means at the ex-
change for closing .a temporary shunt
around said switch. controlling device, and
means for notifying the calling subscriber
when said shunt is opened.

3. In a telephone system, a calling and a
called line, means including a subscriber
controlled automatic switch for extending a
connection from said calling line to said
called line, means responsive to the initia-
tion of a call by a subscriber on said calling

- line for connecting said ealling line and said

60

65

- ended.

switch together and for placing said switch
under the control of the calling line, means
for rendering the control of the calling line

‘over said switch ineffective for an interval,

and means for giving the calling subscriber
a distinctive tone when said interval is

- 1,610,346

4, In a telephone system, a cﬁlling and &
called line, means including a subscriber con-
trolled automatic switch for extending a

connection from said calling line to said.

called line, means responsive to the initia-
tion of a call by a subscriber on said callin
line for connecting suid calling line and sai

switch together and for placing said switch -

under the control of the subscriber on the
calling line, means for rendering the control
of the subscriber over said switch ineffec-
tive, means for rendering said last named
means inoperative, and means for notifying
the calling subscriber when. said ‘switch is
again placed under his control.

5. In a telephone system, a calling line
trunk lines, an automatic switch controlle
over the calling line to connect the same
with an idle trunk line, a locking circuit for
retaining said switch in operated position
established responsive to the completion of
the connection with the sclected trunk, and
meang operated automatically and independ-
ent of the calling linc for opening said lock-
ing circuit. : v

6. In a telephone system, a calling line,
trunk lines, an automatic switch controlled
over the calling line to connect the same with
an idle trunk line, a locking circuit for re-
taining said switch in operated position es-

70

75

80

90

tablished responsive to the completion of the

connection with the selected trunk, a relay
connected to each trunk, means for closing
a local energizing circuit for the relay. as-
sociated with the trunk in use, and means

controlled by ‘said relay for opening said

locking circuit. _

7. In a telephone: system, an automatic
trunk . selecting switch having movable con-
tacts, trunk lines accessible to said switch
and terminating in fixed contacts, means
controlled over a calling line for operating
said switch to select and connect with an
idle trunk, a .locking circuit for holding
sald switch in operated position including
a movable switch contact and a fixed contact

-associated with the selected trunk, a holding

circuit for said switch closed after said lock-
ing circuit, means for opening said locking
circuit when the holding circuit is closed, a
relay controlling the closure of said holding

circuit, and a circuit for said relay including .

a talking conductor of the trunk but exclud-
ing both conductors of the calling line.

8. In .a telephone system, an automatic
trunk selecting switch having movable con-
tacts, trunk lines accessible to said switch
and terminating in fixed contacts, means for
operating said switch to celect and connect
with an idle trunk, a locking circuit for re-

100

105

110

115

120

125

taining said switch in operated position es-

tablished automatically responsive to the en-
gagement of a non-talking movable contact
of said switch with a fixed contact asso-
ciated with the selected trunk, a relay for

130
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closing said locking circuit, contacts on said
relay for closing a bridge across the talking
conductors of the selected trunk, and means
responsive to the closure of said bridge for
opening said locking circuit:

9. In a telephone system, an automatic
trunk selecting switch having movable con-
tacts, trunk lines accessible to said switch

and terminating in fizxed contacts, means-

controlled over a calling line for operating
said switch to select and connect with an
idle trunk, a locking circuit for holding said
switch in operated position including a mov-
able switch contact and a fixed contact as-
sociated with the selected trunk, means in-
itially controlled over the selected trunk
alone for closing.a holding circuit to retain
said switch in operated position, said last
means controlled thereafter over the calling
line and trunk in series, and means for open-
ing said locking circuit after the said hold-
ing circuit is closed. ‘ -

10. In a telephone system, a sub-exchange
trunk line including two talking conductors
and a local third conductor, subscribers’ in-

dividual line switches in the sub-exchange

having access to said trunk line, means con-
trolled over a calling line for operating one
of said switches to connect with said trunk,
relay equipment in said trunk line adapted
to complete a holding circuit -for the op-
erated line switch, a locking circuit includ-
ing the third conductor of said trunk estab-
lished when the trunk is ¢onnected with for
retaining the switch in operated
until the said holding circuit is established,
and means for initially operating said relay
equipment independent of the calling line.
11. In a telephone system, a trunk hunt-
ing switch comprising a relay, a trunk ac-

cessible to said switch, means controlled by

a calling subscriber through the medium of

~ said relay for operating said switch to seize

45
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58

said trunk, means independent of the calling
subscriber for locking said switch on said-
trunk responsive to the seizure thereof, and

additional means independent of the calling
subscriber for breaking said locking circuit
after a predetermined time has expired.

12. In a telephone systém, a:calling line,

trunk lines, a rotary line switch controlled .
over the calling line to connect the same with:

an idle trunk line, a locking circuit for re-
taining said switch in operated position es-
tablished responsive to the completion of a

osition

connection with the selected trunk, said cir-"

cuit including a wiper of said line switch,
and means operated automatically and inde-
pendent of the calling line for opening said
locking cireuit. - ) .

13. In a telephone systein,"a calling line,

60

trunk lines, a rotary line switch controlled .

over the calling line to connect the same with
an idle trunk line, a locking circuit for re-

taining said switch in operated position es-
tablished responsive to the completion of a-

connection with the selected trunk, said cir-
cuit including a wiper of said line switch, a
relay connected to each trunk, means for
closing a local energizing circuit for said re-
lay associated with the trunk in use, and
means controlled by said ‘relay for opening
said locking circuit. . - . . . S

14. In a telephone system, an.automatic
switch having movable contacts, trunk lines

‘accessible to said switch terminating in fixed
contacts, means controlled over a calling line -

for operating said switch to connect with an

idle trunk, a relay in said trunk, a,loé,kinge

circuit for holding said switch in. operate
position established responsive to the com-

pletion of a. connection with the said trunk,
“said circuit including two movable switch
‘contacts, two fixed contacts associated with

said trunk, and a winding of said relay in
series, and contacts on'said relay for closing
a bridge across the talking conductors of

said trunks., .

15. In a telephone systém, an  automatic’

switch having movable contacts, trunk lines
accessible to said switch and terminating in
fixed contacts, means controlled over a call-
ing line for operating said switch to connect
with an idle trunk, a locking circuit for hold-

'ing 'said switch in operated position estab-

lished automatically when the trunk-is con-

‘nected with, said circuit including two move-

able contacts and two fixed -contacts -asso-

ciatéd with said trunk, a holding circuit of °

said switch including only one of said move-
able and one of said fixed contacts, and

ity of the calling line for ,closin%
ing circuit and for opening said 1
cuit. e .

In witness whereof, I hereunto ‘subscribe
my name this twentieth day of January,
A. D. 1922. s - ‘

ocking cir-
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‘means operated independent of the continu- . -
said hold-
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