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To ailavhom it may conecern:
Be it known that I, Harry G. WuBSTER, 3 |
eitizen .of the United States, and resident of
Chicago, county of Cook, and Stete of Illi-
nois, have invented eertain new and useful
Improvements in Telephone Systems, of
which the following is a specification.
My invention relates to telephone " ex-
change systems.and particularly tc that type
in which link-conductors are- interchange-

mechanism ‘being provided for ‘each sub-
scriber’s line which is ‘automatically actu-
ated when the receiver is taken for use to
connect the subscriber’s line to an idle link-
circuit and to cause the display of a calling
signal associated with a manually controlled
terminal of.the link-circuit. In s7stems of
heretofore been controlled by relay magnets
in & strictly local circuit, the circuits of these
maguets being initially controlled by a relay
normally included in"circuit with the line
Iimbs. ‘ .
One object of the present invention is to
provide means ‘whereby the last mentioned
relay may be dispensed with and the line be
normally connected to the local circu't, in an
organization in which electrical variations
oceurring in the local circuit shall not be un-
duly propagated upon either of the line
Timbs, : T

A further object of my inventior. is the
provision of novel means’ for indicating the
presence of an accidental ground ujpon the

mearis for properly controlling the local cir-
cuit at the time connection is established be-
tween the subscriber’s lin and the link-con-
ducter. -~ ~ . ’ "

An additional feature of my invention

magnet which respends at one time to cur-
rent in the line, and subsequently is ener-
gized by currzent in the local cireuit. _
In accordance with my invention 1 pro-
vide for each subscriber’s line a traveling
switch which is preferably a rotating switch
adapted to earry its movadle contacts in one
direction only.” This switch is rotated by
step-by-step mechanism' preferably actuated
by current from g pulsating generator.
' with three mov-
ing contacts or wipers which consti-
‘tute -the' terminals individual to the line,

and with fixed contacts adapted to be

| engaged thereby which constitute terminals

of the cireuits individual to various link.
conductors. ‘These link - conductors termi-
nate preferably in cords and plugs at the va-
rious operators’ positions of a multiple
switchboard, and the subscribers’ lines are
provided with multiple jacks at the multiple
sections. The wipers of the traveling switch
have a normal position in which they do not
engage any of the fixed contacts of the
switch, and when rotated will engage pref-
erably first the contacts connected to a link-
circait terminating at the first operator’s po-
sition, then contacts. connected with a Link-
cireuit at the second operator’s position, then
one leading to the third operator’s position -
and so on; and these fixed contacts are mul-
tiply connected to similar switches individ-
ual to other subscribers’ lines in a group.
The other- link-circuits terminating at the
first, .second. third and other operators’ po-
sitions may be similarly conmected to the
switches of lines in other similar groups.
the arrangement is such that if the link.
conductor connected. to the first terminals of
a particular group of switches be in use, the.
switch will step ahead to the second terminal
and so on until an idle Hnk-circuit is reached .
when it will come to rest and the operation
of associated- mechanism will connect the
line limbs to the talking conductors of the
link-cireuit and cause the display-of a call-
ing signal associated therewith. The op-
erator, after ascertaining what connection is
desired, tests the multiple jack of the desired
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line and makes connecti.n by the insertion -

of the plug and rings the subscriber in the
usual way. WWhen conversation is finished,
the removal of the connecting plug causes a
further rotation of the switch to restore its;
wipers to their normal position. :

95

The organization is such-that if the line -

become accidentally crossed or grounded, the
switch will rotate . without stopping; or will
be stepped to an
stead of coming to rest and indicating a call,
will be caused 6 continue its rotation there.

-after indefinitely and without subsequently

selecting an idle circuit, and the continuous
rotation of the switch will therefors indi.
cate to those in charge the presence of the
accidental cross or ground.

To secure the proper operation of the ap-
paratus and cirouits, I provide three. relays
individual to the subseriber’s line and in this

Tespect the present invention differs from .
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idle link-civeuit, but in- .
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others heretofore proposed. One of these
relays may be called a “ cut-off” relay and in
addition to its usual functions its operation
serves to interrupt the nermal circuit of the
line and to connect the line limbs to the
wipers of the switch when the link-circuit
is selected. A second relay, which may be
called a “private” relay, serves among
othér functions to start and stop the travel-
ing switch during the selection and discon-

- nection of the link-circuit. The third relay

which may be called a “release” relay 1s

- energized at the removal of the connecting
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. plug from the jack of a called line, and con-

trols a circuit which chuses the switch to re-
turn to normal or to rotate continuously.

“In further accordance with my invention
I associate with that end of the link-circuit
leading to the fixed contacts a pair of relays
which serve to control the display of the
calling signal and to control the circuit of
the private and release relays; and so con-
nect them that although connection is first
completed for one talking wire only of the
link-circuit, when the switch comes to rest,
the relay, which is associated withF that talk-
ing wire and which serves at that instant to
control the circuit of the release relay, shall
not be operated before the other relay asso-
ciated with the opposite talking wire of the
link-circuit can operate. . :

My invention will be more fully under-
stood from the accomipanying drawings in
which— o

Figure 1 illustrates two subscribers’ lines
extending to a central office and there asso-

. ciated with an appropriate link-circuit, the

entire organization being in accordance with
a preferred form of my invention. Fig. 2
illustrates a modification of the line circuit
arrangement of Fig. 1, Figs. 3 and 32 illus-
trate a novel form of relay adapted for use
as the private relay in the structures of Figs.
1 and 2, and Fig. 4 illustrates a further
modification of the line circuit of Fig. 1.

Like characters refer to corresponding
parts in the several figures.

Referring to Fig. 1, two subscribers’ lines
A and B are shown, the substations. being
provided with the usual bell and condenser
in permanent bridge of the line and the re-
ceiver 7 and transmitter ¢ being in the nor-
mally open bridge closed at the upper con-
tact of the hookswitch 4. The limbs 1 and
2 extend to the central office and are there
connected to the central battery C through
the normally closed contacts of the cut-off
relay 3 and through winding 22 of the
private relay 4. A rotary switch S is pro-
vided for each line which is diagrammatic-
ally indicated as having a ratchet wheel 6
and wipers ¢, & and ¢ carried on a shaft 38,
the same being driven with a step-by-step
motion by the motor' magnet 7 when in-
cluded in a closed circuit with the pulsating

931,906

generator G’. The wipers ¢ and b are asso-
ciated with limbs 2 and 1 of the line respec-
tively, and when the shaft is rotated by the
action of the magtiet 7, they engage the con-
tact pieces or fixed contacts &', ¢* and b’, b2,

respectively, moving out of engagement with

one contact piece before engaging the next.
Wiper ¢ is shown as having a broad terminal

and is associated with the local circuits of"

the system. When it is rotated it engages
contact ¢’ and, in stepping from ¢ to ¢, en-
gages ¢* before disengaging ¢, and likewise
with the other contacts over which it wipes.
The fixed contacts are multiply connected to
corresponding contact pieces’ of  other
switches in the same group of lines, such -an-
other switch being ‘indicated diagrammat-
ically at 8’. 'The contact pieces ¢’, b’ and ¢’
are to .be understood as connected to the
wires of a link-circuit terminating in 2 cord
and plug at the first operator’s position, the
contact pieces a*, b* and ¢* being connected,

as shown, to the wires of a link-circuit

terminating at what may be assumed to be
a second operator’s positiony, and so on
through all of the contacts of the switch.
The wires leading from the fixed contacts
are indicated as being carried through a dis-
tributing rack 78, by which any other de-

sirved distribution- or association of the fixed

contacts and link-conductors may bei made
throughout the exchange. The switch is also
provided with so-called *off-normal” con-
tacts numbered 8; 9, 10, 11 and 83, which
are normally in the position shown; but
which are actuated at the first step of -the
switch to sepurate contacts 8 and 83, to
cause contacts Y and 10 to engage and 10
and 11 to imuediately thereafter disengage.
A release relay 5 is provided which is-ener-
gized at the time of release and thereafter
remains energized until the switch comes to
rest. Vo

When a subscriber desires toinitiate a call,
the removal of his receiver closes a circuit
which may be traced as follows: from the

upper terminal of battery C through wind-
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ing 22 of relay 4, contact 29 and armature .

32 of relay 8, limbhs 1 and 2 of the line, arma-
ture 34 and contact 35 and through contacts

115

83 and 8 to the ground or return side of the

battery. This current erergizes relay 4 and
operates all of its contacts. T}
of armature 26 disconnects wiper & from

its connection with the cut-off relay, and con- .t

The attraction

nects the test terminal 37 of the spring-jackj -

to battery C through winding 22 and ve-
sistance 23 of relay 4, thus prgﬁfiding the
necessary potential at contact 37 of-the jack
to indicate that the line is busy at this time.

The attraction of armature 20 disconnects the.

winding of relay 3 from the return side of
the battery, thus preventing the energization
of the relay by the battery connection just
described, and completes the circuit of gen-
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erater G’ through motor magnet 7. The at-
traction of armature 15 disconnects the pri-
vate wiper ¢ from its normal earth connec-
tion at contact 16 and connects it to the nor-
mally closed contact 13 of the release relay
5. As will be pointed out hereafter, the
contacts engagéd by the private wiper ¢ are
conpected to earth when their correspondin

link-conductor is in use, and if it be 1dle, the
wire leading from this contact stands open;
and it will be assumed for the purpose oi
this description that the link-cirenit corre-
sponding to ¢’ is at_this time busy. At
the energization of magnet 7, the switch
makes one step, and the following action
takes place. The separation of contacts 83
and 8 remove the normal ground from limb

- 2; the engagement of contacts 9—10 connects

20

25

the winding of the release relay 5 to ground,
and the disengagement of contacts 10 and 11

_interrupts the connection between the wind-

ing of relay 5 and its contact 14 for a pur-
pose to be subsequently explained. The en-

- gagement of wiper ¢ with contact ¢/, which

1s now. assumed to be connected to ground or

- the return side of the battery, completes an

energizing circuit for relay 4 which may be

- traged from the upper terminal of the bat-

80

35

tery through the winding 21 of relay 4, the
gon{acts 14—13 of relay 5, contact 17 and
‘armature 15 of relay 4, and thence through
"wire 87 to the wiper ¢, and-to ground through

the wire leading from contact ¢’. ' This cir-.

cuit serves to maintain the energization of

_relay 4 and thus the circuit of motor magneét

7, and the switch takes another step.- It is
to be noted that during. the stepping of the
wipers, wiper a is disconnected from the line

- limb 2 at contact 33, and wiper & from the
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other side of .the line circuit at contact 25.
As wiper ¢.during the second step moves off
contact ¢” and on to contact ¢?, which is open
at this time at contact 49, and.at switch 99
of the link-circuit, the energizing circuit

just traced through winding 21 is inter-
rupted,.and the energizing circuit previously -

traced. through winding 22 and through

the;line limbs was interrupted at contact 83
-at the first step of the switch. Relay 4 is

therefore..deénergized and its contacts as-
sume their normal ‘position, The retraction
of armature 20 opens the circuit of magnet
7, preventing further rotation of the switch,

‘and. connects the. winding of relay 3 to the
retyra:side of the battery. - The retraction of-

armature -15. connects wiper ¢ .to. ground

through contact 16, armature 81 and contact

27, the object of this ground connection at
‘this,qnsiant being to create the busy ¢ondi-
tion -immediately. upon, all contacts, j¢*; of
other switches in the group. The retraction
of armature 26 connects wiper b to the wind-
ing of the cut-off relay and to contact 30 of
limb 1 through wire 86 and contact 3.
-Wiper b being now at rest upon contact 02 a

3

circuit for relay 3 may be traced from the
upper terminal of the.battery through relay
60, swire 40 .of the hihk-circuit, contact’ &7,
wiper b, wire.86. contact 25, armature 26,
the winding of relay’ 3 and to the veturn
side of the battery through contact 18 and

the attraction of its armature 34 disconnects
limb 2 from the contact 83.of the switch
and connects it through contact 33 .to the
spring 36 of the jack j and through wire 85
to wiper a which is now resting on contact
«’. The attraction of armature 31 discon-
nects wiper ¢ from ground at contact 27 and
connects. it through the winding of release
relay 5 to ground at contacts 10—9 .of the
switch.  The attraction of armature 32 -dis-
connects the line limb 1 from winding 22
of relay 4 and connects it at contact 30 to

armature 26.and contact 25 to_ the cireuit
previously traced, through wire 40 of the

has at the same time connected -relay 56 to
wire 40, at armature 57 and contact 58

b, wire 86, contact 25, armature 26, contact
30, armature 32, limbs 1 and 2, armature 34,
contact 33, wire 85, wiper a, contact a?, wire
39, and through the winding of relay 45 to
ground, energizing relays 56 and 45. The
attraction of armature 53 of relay 45 com-
pletes a circuit from battery C through lamp
55, armature 53, contact 51, and through
contact 68 and armature 72 of relay 62 vo

-attraction: of armature 47 disconnects wire
59 from its normal active battery connection
at 48, and connects it to the return side of
the battery at.confact 46. The attraction

1, armature 49, contact 50, key 42 and wire
41 to.contact ¢* thus providing an.alternate
ground connéction to that first established
through contact 27, and. preventing the
wiper ¢ of another switch from stopping on
a corresponding contact ¢2.

Upon observing the calling signal, the
operaton answers in the uswal way and, as-

line B, makes the usual busy test. If sub-
scriber B is at this time making a cdll or if
a eonnection exists at some other spring-jack
‘of the line, or if his private relay 4 be ener-
gized as in releasing or when the switch is
.constantly rotating, the potential of contact
37 will be raised_a% ‘
4. current will flow through the tip of the
plug, strand 43, armature 66 of relay 62, con-
tact 65, and to ground through the common
test relay 75. The energization of this relay

conuects winding 76 of the operator’s induc-

armature 20. Relay 8 being thus energized.

the sleeve 37 of the spring-jacks and through g5
link-circuit. The energization of relay 60

Current will now flow from battery C -
through relay. 56, wire 40, contact 52, wiper -

the return side of the battery, thus display-.
ing the calling signal to the operator. The -

of armature 49 of relay 56 subsequently con-
neets wire 59 through contact 70, armature °

ove that of the earth and -
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tion coil 4 to battery, thus giving the neces-
sary testing indication. Assuming the line

to be idle, the operator inserts the calling

plug I, when current will flow from battery
C, through relay 62, strand 44, contact 37, re-
lay 3, contact 18, and armature 20 to the
return side of the- battery, emergizing both
relays. The attraction of armature 72 in-
terrupts the civcuit of lamp 55 at contact 68
and completes a circuit for lamp 79 through
armature 82, contact 81 of relay 80 and
through contact 63 of relay 62, and this
lamp 79 remains lighted until the called
subscriber answers. The attraction of arma-
ture 71 of relay 62 interrupts the earth con-
nection of contact ¢* which was previously

23

190

~ established through contact 46 and armature

47 and provides a new earth connection be-
‘yond the control of relay 45, at contact 69.
The attraction of armature 66 disconnects
strand 43 from test relay 75 at contact 65
and completes the circuit of the strand to
relay 80 at contact 64. The energization of
relay 8 has meanwhile caused the disconnec-
25 tion of limbs 1 and 2 from winding 22 of
relay 4 and from the normal earth connec-
tion at contact 8, and connected them to ter-
minals 87 and 36 of the jack j at contacts
30 and 33 respectively. ' -

When the ringing key 4’ is operated, cur-
rent will flow from the generator G through
the cord strands and line limbs and to ground
or the return side of the generator through
vesistance 77, relays 8 and 62 remaining en-

30

line limbs and to the return side of the bat-
tery through relay 80, which by the attrac-
tion of its armature 82 extinguishes lamp 79.
The two subscribers are now eonnected for
conversation, and -current flowing to wire
40, through relays 56 and. 60, creates the nec-
essary potential at contact 37 associated with
line A to indicate that that line is busy and
a similar condition exists at contact 37 of
line B. When subscriber A replaces his re-
ceiver, the consequent interruption of the
“civeuit through linb 2 deénergizes relay 45
""and the refraction of its armature does noth-
ing but to cause the illumination of lamp 55.
When subscriber B replaces his receiver, the
consequent deénergization of relay 80 causes
lanip 79 to be illuminated. The illumina-
tion of both lamps constitutes the signal for
disconnection, the calling plug P is then re-
moved and the contacts of relay 3-of line B
assume -their normal - pesition” leaving the
line in readiness for -another call. The re-
moval of plug P from the spring-jack like-

40

45

55

60
retraction of its armature 72 extinguishes
Jamps 79 and 55 and the retraction of arma-
ture.71 removes, the earth connection from
the private contact ¢* and . establishes 4 re-

65 leasing. circuit for the switch as follows:

ergized. When the subscriber answers, cur-.
rent will flow through relay 62 through the.

wise interrupts the-eircuit of relay 62: The |

931,906

from the upper terminal of battery C
through resistance 54, contact 48, armature
47, contact 70, armature 71, armature 50,
contact 49, the upper contact of key 42, wire
41, contact ¢*, wiper ¢, wire 87, armature 15, 70

_contact 16, armature 31, contact 28, and to
. the return side of the batter

through relay
5 and contacts 10—9 of the off-normal switch.
The ensuing energization of relay 5§ causes
its armature 12 to engage contact 14, thus

- completing a circuit from battery C

through winding 21 of relay 4 and to ground
through the winding of relay 5, and this
cirvcuit is thereafter maintained until inter-
rupted at contacts 10—9 when the switch
reaches its normal position. The energiza-
tion of relay 4 interrupts the circuit of relay
3 at armature 26 and contact 25, which pre-
viously existed_through wiper b and relays:
56 and 60, thus allowing these relays to as-
sume their normal- positions. The busy po-
tential is established as before for contact
37, the attraction of armature 15 disconnects
wiper ¢ from the contacts of relay 3, thus
preventing interference with other connec-
tions while the wiper is rotating, and the at-
traction of armature 20 again closes the cir-
cuit through the motor magnet 7. The
switch therefore continues to rotate until the
normal position is reached, when the inter-
ruption of the circuit through winding 21
brings it to. rest.

While I have shown contacts on the switch
S for but 11 link-circuits, it'is evident that
the number is only limited by mechanical
considerations and provision may be readily
made for 75 or 100 such circuits. It has
been found that when the wiper ¢ is passing
over. the contacts of busy link-circuits and
also when it comes to rest, that momentary
variations in the strength of current flow-
ing through wire 87 at such times are liable
to occur, particularly after the surfaces of
the contacts and wiper bécome worn through
use. It is evident, therefore, that if but 110
one winding be provided for the relay 4,
such. current variations would result” in
transmitting momentary impulses over the
line limbs and that these impulses might
create noise in other lines of the system as 115
well as in the receiver of the calling line.
To overcome this objectionable feature, the
relay 4 is therefore provided with two wind-
ings, 21 and 22, and these windings are pref-
erably arranged upon opposite ends of the 120
core. The eurrent variations referred to are
not suflicient to interfere with the operation
of the switch or to allow relay 4 to become
deénergized and are therefore of instanta-
neous duration only, and the arrangement of 125
winding shown tends to prevent the propa-
gation of impulses through theline limbs. " It
has also been:shown that when the wiper ¢ is
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“moving over busy contacts during the selec;
-tion of an idle circuit, limb 2 of the line is 1329
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open at the contact 83 of the off-normal
switch; and to still further prevent the
propagation of objectionable impulses in the

Iine limbs, the non-inductive resistance 93 is .

provided i shunt of winding 22 of the relay
to Torm a short circuiting path for any im-
pulses which may be generated in the wind-
Ing ‘at this time: and the.arrangement of
windings shown constitutes one feature of
my invention. In case limb 1 of the line
should become\Qccidentaﬂy grounded, it will
be seen that a cirenit is provided for energiz-
ing relay 4 through such ground. The at:
traction of armature 20, completing the cir-
cuit of magnet 7, therefore causes the switch
to rotate and its rotation will be continued
as long ‘as the accidental ground is present
and no circuit will be selected. The ar-
rangement of windings indicated also takes
care of this condition in which the passing
of wiper ¢ from an idle to a busy contact or
vice versa will cause an intermittent cur-
rent flow through winding 21. Tt will also

be seen from the foregoing description that .

as wiper ¢ is-traveling over busy contacts,
the current which then flows through wind-
ing 21 of relay 4 tends to energize relay 5
of the line associated with such busy con-
tacts; and such busy connection would be re-
leased except for the low resistance earth
connection existing upon wire 41 of such
busy contacts, ‘which’ is provided at arma-
ture 71 and contact 69

- and “contact 46. If limb 2 of the line be-

35
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50

- regulur release but if the subscriber has not -
telephione at the time the

55

60

- the switch, vela : h
- the path ineluding contacts’ 10—11, contact

65

.vet peplaced his

“switch.

come accidentally grounded, no operation
will result until the subscriber tries to make
a call. . In such case, the operation of the
mechanism will proceed to the point where
circuit is closed through relay 56 and relay
49, * On-account of the presence of the. acei-
dental .ground, relay 45 will be short cir-
cuitéd under these circumstances, and there-
fore unenergized. The resulting’ condition
will be that as soon as relay 56 attracts its
armature, the releasing cireuit is completed
from battery ( through resistance 54, con-
tact 48, armatuve 47, contact 7 0, armature 49,

contact 50, key 42, and thence through wire’

41, (;pér;lting the, release magnet 5; the
switch ‘will' then rotate as at the time of

switeh reaches normal, the following action
will gtenr,
the norial point is reached is traced from
battery (. through

cuntact 14, armatire 12, the. winding of re-’
Nay 5 and to the-Yeturn side of the battery’
through” contacts '10—9 of the off-normal

. Ag contact 11 is brought into en-
Lgagement with contdet 10 by the ‘action of
i ¥ #1s short circuited through

1+ and armature 12, Immniediately ‘there-'

after the circuit of relay 4 through winding

“the normal

or at armature 47

The releasing circuit'at the time

ugh Winding 21-of relay 4,

5]

21 is broken by the separation of contacts
10—9. If at this time the circuit be closed
through the substation and the accidental .
ground of limb 2, the reldy 4 is maintained
energized by ‘the resulting current through 7¢
winding 22 and does not release.

The interval between the pulsations from
generator (' which causes the step-by-step
motion of the switch is such that,.on account
of the short circuit referred to, relay 5 does 75
not have time to become deénergized and re-
leased as the switch passes'the normal point.
As the switch passes the normal point, -the
circuit through relay 5 is reéstablished, the
short circuit being broken at contact gg

—10—11, and the switch: will thus continue™
to rotate-as long as circuit is closed at the
substation. If the subscriber replaces his
telephone, the switch will come to rest when

the interruption of the eircuit through wind-
ing 21 and-the consequent deénergization of
relay 4. This method of securing the con-
tinuous rotation of the switch by short cir-
cuiting the release relay during the instant 9¢
when the switch is passing the normal point,
and thus delaying its deénergization; consti-
tutes one of the features of my invention.
If the two limbs of the line become acciden.-
tally crossed, the apparatus will operate as if ‘95
a subscriber were calling. When the opera-
tor tries to answer the supposed call and finds
that the subseriber is not calling, she will
release the connection by operating key 42.

The depression of this key completes a cir- 100

cuit -from battery: C- through resistance 73
and the lever of key 42 to. wire 41, thus en-

-ergizing relay 5. as before and establishing

the release circuit. The switch will now ro.

tate-until the normal point is reached but is 105

now prevented from stopping as before, the
only difference being that the cirenit through
winding 22, which was previously completed
through the accidental ground of limb 2, is

now completed over limb 2 through arma- 1to

ture 34, contact 35, contact 83, and contact 8
when the normal point is reached. During
the time that the switch is in the normal
position, relay 5 as before does not have time

to release and thie switch therefore continues 115

to rotate, indicating that the line is in trou-
ble.- If the subscriber- should accidentally
displace his receiver and then immediately
replace it, thus closing circuit through the

line limbs momentarily, it will be evident 120

from the foregoing description that _the
switch would rotate until an idle link-circuit
was sélected_and that then, as in the case of
the accidental ground, the energization of

relay 56 and the inért condition of relay 45 125

would result in the establishment of the re-
lease circuit. The switch is then rotated and
comes’ to rest at the normal position. In
order that the number of calls handled by

each operator by means of her plurality of 130

point is again reached through ss
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link-circuits may be regulated according to
the ubility of the operator, or that certain
cords which may become defective may be
put out of service, the key 99 is provided lo-

cated at any convenient point. When this |

ley is closed, the civcuit thus completed from

|

{he interniediate terminal of battery C-

through resistance 74 and to wire 41 ve-

sults 1 making the cord circuit associated :
with that wire and switch artificially busy.

When wiper ¢ in its travel engages the con-
tact of a link-cireuit so connected, if the

switch be selecting, the current through :

winding 21 will flow through resistance 74
and to the upper half of the battery. 1f, for
any reason, as the blowing of a fuse, the
wiper ¢ should come to rest on a contact so
connecled, current would then flow from the

lower half of the battery through resist-

ance T4+ and thence-through wire 41, ener-
gizing relay 5 and establishing the regular
release civcuit, thus positively preventing the
connection of a calling line to a cord circuit
so put out of service. :

Fig. 2 is a diagram illustrating a modi-
fication of the line circuit-of Fig. 1, whereby
the relay 60 associated with the link-con-
ductor may be dispensed with and the relay
56 be directly connected to wire 40 of the
link-civeuit. - This is accomplished by hav-
ing limb 2 of the line connected normally

with the wiper o so that when the private

velay is released at the instant of selection,
cireuit is' immediately closed through the
relay 45 over the line limbs, and through
relay 56 over the winding of the cut-off relay
3; thus allowing wire 59 to be disconnected
from the active terminal of the cenfral bat-
tery, before it is connected to wire 41 through
the operation of relay 56; and consequently
preventing the establishment of the release
cireuit at this time. In the structure of this

figure, two windings 88 and 90 are provided.

for relay 4 in normal connection with the
line limbs, in place of the winding 22 in the
former figure. They are differentially con-
nected in order that when the relay is de-
energized at the instant of selection, the
immediate completion of the circuit through
the-two windings and the line limbs to relay
45 of the link-circuit shall not cause the relay
to become again energized. The differential
connection also prevents current changes in
the local circuit including winding 89, which
corresponds to winding 21 of the previous
figure, from causing inductive disturbances
in the substation receiver. The windings 88
and 90 are preferably wound upon a different
section of the core from that of winding 89.
Tt will be understood that those portions of
the system not shown in this figure may be
the same as indicated in Fig. 1. When' the
subscriber desires to initiate a call, the clos-
ing of the circuit at the substation causes
current -to flow through winding 88 and

931,808

through the line limbs, but the winding 90 is
excluded from circuit at this time by the
earth connection through contact 85 and con-
tacts 83 and 8.. The relay 4 is therefore
energized and the switch comes to rest upon
the first idle link-circuit, this operation being
the same as in Fig. 1. At the deénergization
of relay.4 at this time, circuit is closed from
battery C through winding 88,limbs 1 and 2,
winding 90, armature 91, contact 92, wire 85,

70

wiper @, and then referring to Fig. 1, through. -
“contact ¢, strand 39 and relay 45 to ground. ..
At the sume time circuit is closed through

relay 56 of Fig. 1, wire 40, contact 0%, wiper,

b of ¥ig. 2, contact 25, armature 26, relay 3,
contact 18 and armature 20 to ground,- "The

at this instant being -opposed in the two

windings, relay 4 remains deénergized; and.
velays 56 and 45 being energized at substin-:
tially ‘the same instant, the active battery . .

RS

80,

“current flowing through windings 88 and 90

connection of wire 59 is removed before wire .

39 is connected to wire 41 at contact 0. . The.

energization of yelay 3 by current through
relay 56 then disconnects winding 88 from
limb. 1! and short.circuits winding 90 at arma-
ture 34 and contact: 33, thus establishing a
satisfactory talking circuit to the wipers «
and . 0.
their conversation, the release circuit is estab-

lished in the manner previously described
and the switeh comes to rest at the normal . -

position. As in the previous case, the wipers

a and D are disconnected fromthe circuits of

the line while the switch is rotating. The

previous structure. :

After the subscribers-have. finished

0

100

- conditions resulting from accidental crosses
or grounds produce the same results as in the

Fig. 8 illustrates a new' formm of relay

adapted for use as the relay 4 in the struc-

105

tures of Figs. 1 and 2, the arrangement of

springs and.windings being that diagram-

matically indicated in ¥ig. 2. The relay

has two coves, d and d’, core @& being pro-
vided with windings 88 and 90, and core &’
with a winding 89. A polar extension ¢ of
magnetic material is provided for the two
cores and carries, on its extremity, the arma-
ture 7. This armature rocks upon the end

of the extension ¢, is held in place by the 1]
threaded pin # and nut 4, is provided with :

an air-gap spacer or stop m of non-magnetic
material, and it is in mechanical engagement
with the circuit changing springs 26, 91, 20

and 15 by means of the pieces of insulation

¢ and ¢’. The springs and contacts of this
figure are those shown at the upper end of
the relay core in Fig. 2. Fig. 3* indicates
the springs at the lower end of the- relay

core in Fig. 2 and these are assumed to be |
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monnted upon the extension ¢ by the side of

those shown in Tig. 8,.and in a similar man-

ner. When the relay is energized by cur-
rent through either of its windings, the at-
traction of armature f raises springs 26, 91,
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“relay armatures.’-As wiper ¢.engages busy.
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20 and 15, causing them tc lisengage their

lower contacts and to engage their upper

contacts. . By reference to the diagram of
Fig. 2, it will be seen that the relay is ini-
tially energized by current through wind-
ing 88; that its subsequent energization is
maintained by current through winding 89;
that, when it is .deBnergized at the instant
of selection, the circuit through winding 89
is broken while the currents through wind-
ings 88 and 90 are opposed ; and that, at the
time of release, it is energized by current
through windiag 89. The relay has the ad-
vantage over those heretofore used in that,
when 1its armature is attracted, current vari-
ations in-the windings on one core. are not
propagated in the windings on-the other
core, for the reason that the magnetic lines
of force generated in one core by such vari-
ations do not traverse the opposite core on
account of the air-gap between such core
and the armature, but are-shunted there-
from by the closed magnetic path through
the extension ¢ and the armature. While T
have shown one particular structural ar-
rangement embodying this principle, T do
not wish to be limited to the particular ar-
rangement shown. :

Fig. 4 indicates a modification of the line

~eireuit of Fig. 1 in which the relay 4is pro-

vided with two windings differentially con-
nected.  The energizing winding 94 is in-
cluded in cireuit with the line limbs and in
the local circuit as well; the opposing wind-

ing 93 serves to provide a path to earth for.

disturbing currents arising through current
variations in the local circuit, thus prevent-
ing their undue propagation in the line
Hmbs, without causing such earth connec-
tion to interfere with the operation of relay
4. The two windings have equal turns and
may - beé concentric windings if desired, or
may be on different sections of the core as
shown. The subscriber calls in-the usual
way, relay 4 being energized by current
through winding 94 ‘and when the attrac-
tion of ‘armatére 95 engaging contact. 96

closes a cireutt through the opposing wind- -
ing 93, the'exeess oficurrent in winding 94

is sufficient 'to meaintan the attraction of the

contacts, the:necessary excéss of .current
is maintained; and when wiper- ¢ engages

-the contact of an idle link-circuit, the
interruption ‘of .this excess: current altlows:

relay ‘4 to be ‘dednergized; and the normal

‘operation is 1w all other respects similar to

-that of the structure:of Fig 1. - When wiper

80

¢ 18 passing over: busy - contacts .during the

process. of -selection or constantly retating

. through 'the presence 6f accidental grounds:
~ ot ‘crosses-on the line limbs, the momentary’

- imberpirption or variation in the current flow-

88

. ing. threwgh wive 100 will not cause ob-
jectioneble disturbances upon the line Jimbs |

- 4

for the reason that the disturbing currents,
set up in the two windings 93 and 94 at such
time, will be in opposition and also for the
reason that the earth connection of wire 100,
through winding 93, armature 95 and con-
tact 96, tends to prevent an increase of po-
tential at wire 100 when the cirecuit through
wiper ¢ is varied or interrupted. -

While I have described one arrangement
of grouping the link-conductors or cord-
circuits in their relation to the various
switches and to the several operators’ posi-
tions of a system, it is obvious that other
methods may be employed, and- I do not,
therefore, wish to be limited to the particu-

to be limited to the particular kind ‘of travel-
ing switch indicated, as it is obvious that
various meaiis may be employed for causing
the contacts associated with the line to travel-
over the contacts associated with the link-

70

80
lar-arrangement described ; neither do I wish

circuits. It will be understood that the va- .

‘rious  grounds indicated in:the diagram are

connections to the office return: or to the . -
80,

grounded terminal of the battery ‘G, that
other arrangements of the windings-of relay
4 than those indicated may be ‘employed, and
that various other modifications-and altera-
tions of my invention may: be mude without
departing from it$ spirit. L

- What 1 consider.as new and novel and-de--
sire to secure by Lietters Patent of the United

States, is:—

1. A telephene :éXChahgé syStem-cbmpris- S

ing a plurality of telephone lines, a plurality -

of lirk-circuits, a source of cuirent, a travel-
ing switch having moving. contacts for estab-
lishing connegtion between a talling line and
.an idle link-circuit, driving means for said
switch, a controlling magnet for said driv-

said magnet -operating when energized to
cause the actnation of said-contaets, a local
controlling circuit for the magnet, and means
for preventing efectrical variations in the
Toaal cirenit from producing. disturbing cur-
-rents in the Line. - N

2. A ‘telephone exchange system compris-

ing a-plurality-of telephone Hues, a 'plurality

of link-cireuits, a seurce of :cusrént, a travel-

ing switch having moving contacts for estab-

lishing comnéctions between a calling dine
.and an idle hink:circuit; griving means for’
said switch; a .controlling magnet for.said
‘driving ‘means -mormally’ in. eircuit with she
line, said magnst operating. when energized
to cause the actioation of said contacts, a
local controlling cireuit for the megnet‘and

windings of said magnet %o.disposed-as to o

prevent electrical variations in*the local cir
cuit-from producing distarbing currénts in
the line. ‘ .

-8., A telephone exchiange system caupris-
tagra ‘plurality ‘of telephone lines, a plurality

of lifik-circuits, asource of fouirent, atravel- °

100
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ing means normally in circuit with:the line, -
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Cing switch hé_ii*i,ng. moving contacts for estab-

nnection between a calling line and
link-circuit, driving ‘means for said

Jishing’
zi/h : idﬁr

- siwitchy a’”.controlling magnet- for-said driv-

10

15

local winding of said magnet so_di (
10 prevent electrical variations in. the:local -
“circuit -from producing -disturbing currents
“in the Iine.. . g o

ing means normally in circyit with the Jine,-
said “fmagnet, operating’ when /energtzed . to

cause. the actuation of said. egntacts; 4 local
controliig cirenit for:the ‘nagnet, and
iisposed’ as

4. A telephone exchange systerm -compris-

- ing 4 plurality of telephone lings, a’ plurality
-of link-crreuits, a sotirce of current, a travel-.
ing--switch having ‘moving contacts for es:

tablishing connection between a calling line
and an-idle link-circuit, driving means for

- said switch, a controlling’ magnet for said

25
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driving means normally in circuit with the
“line; said magnet operating when energized

to cause the actuation of said contacts, a local
controlling. circuit for the magnet, and a

. magnetic circuit for said magnet s¢ organ-
siZed that current variations in the local cir-
cuit -are prevented: from producing disturb- |

ing currents in the line. 4

5. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits; a source of current, a travel-

"ing switch having moving contacts for es-

tablishing. connection between a calling line
and an idle link-circuit, driving means for
said -switch, a controlling magnet for said
driving means normally in circuit witlr the
line, said magnet operating when cnergized
to .cause the actuation of said countacts, a
local controlling circuit for the magiict, and

.a- magnetic circuit and energizing windings

for said magnet so organized that current
variations in the loecal circnit are prevented
from producing disturbing currents in the
Iine. - . : ' -

6. A telephone exchange system compris-.

ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts-for es-
tablishing connection between a calling line
and an idle link-circuit, driving means for
said switch, a controlling magnet for said
driving means operating when energized to
cause the actuation of said contacts, an' ener-
gizing winding of said magnet normally in
circutt with the line, and a neutralizing

winding of said magnet momentarily includ-

ed In ¢ircuit with said energizing winding

. when said connection is established.” -

65

. 7. A telephone exchange system compris-
ing a plurality of telephone luies, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for es-
tablishing connection between a calling line
and an idle link-cireuit, driving means for
said: switch, 4 controlling. magnet for said
driving means operating when energized to

831,806 -

“cause the actidtion of said contacts, aii etier-

gizing winding ‘of said magnet normally in

‘| ciremit with the -line, and a neutralizing -

‘winding for said magnet momentarily in- -

clnded in circuit with said energizing wind-
ing when said connection ‘is . established

- magnet. o
. 8A telephone exchange system ¢ompris-
ing a plurality of telephone lines, a plurality .

whereby current may flow through said ener-.
1 gizing winding witheut : energizing - the

75

~of link-circuits, a source of current, a travel: -

ing switch having moving contacts for és-.
tablishing' connection between 3 calling line
and ‘an idle link-circuit,” driving means for
‘said ‘switch, a controlling magnef for said

80 -

driving means.operating when energized ‘to -

cause the actuation of said contacts, an ener-
gizing winding of said magnet normally in
circuit with the line, an energizing winding.:
of said magnet in a local circuit, and means
for preventing electrical variations in. the
local circuit from producing disturbing cur-
rents in the line. = T
. 9. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
-ing switch having moving contacts for es-
-tablishing connection between a calling line
and an idle link-circuit, driving means for
said switch, a controlling magnet for said

85

90.

95

driving means operating when energized to -

cause the actuation of said contacts, an en-
ergizing winding of said magnet normally
n circutt with the line, an energizing wind-

100

-ing of said magnet in a local circuit, and a .

magnetic circuit for said magnet so organ-
ized that:current variations in the tocal cir-
cuit- are prevented from producing disturb-
ing currents in the line. , o
10. A telephone exchange system compris-
_iug a plurality of telephone lines; a plurality
“of link-civenits, a source of current, a travel-
g switeh having moving contacts for estab--
lishing connection between a calling line and
an_idle link-cireuit, driving means for said-
switch. a controlling magnet for said driv-.

the actuation of said contacts, an energizing

~winding of said magnet normally in circuit
with the line, an energizing winding of said
magnet- in a local circuit, and a magnetic
circuit and energizing -windings for said
magnet so organized that current variations
in-the local cireuit are prevented from pro-
duecing disturbing currents in the line.

1. A telephone exchange system comnpris-
ing a plurality of telephone lines, a plurality
of link-civcuits, a source of eurrent, a travel-
ing switch having moving contacts for estab-.
lishing connection between a callinig line and

-an idle link-cireuit,.driving means for said .
switch, 4 controlling magnet for said driving
mneans operating when energized to cause the

actuation of said contacts, an’ ehergizing
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1 Ing means operating when energized to cause. |
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winding of said magnet normally in circuit
with the line, a neutralizing winding of said
magnet momentarily included in circuit with
said energizing winding when said connec-
tion is established, an energizing winding of
said magnet in a local circuit and means for
preventing electrical variations in the local
circuit from producing disturbing currents
in the line. ‘

12. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-civeuits, a source of current, a travel-
ing switeh having moving contacts for estab-
lishing connection between a calling line and
an idle link-cireuit, driving means for said
switch, a controlling magnet for said driving
means operating when energized to cause the
actuation of said contacts, a release relay op-
erating when energized to establish a lock-
ing-circuit for said magnet, means for inter-
rupting said locking circuit when said mov-
ing contacts reach their normal position, and
means for causing the continuous travel of
said switch if said magnet remains energized
after said interruption. _

13. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
mg switch having moving contacts for estab-
lishing connection between a calling line and
au idle link-circuit, driving means for said
switch, a controlling magnet for said driv-
ing means operating when energized to cause
the actuation of said contacts, a release relay
operating when energized to establish a lock-
ing circuit for said magnet, means for inter-
rupting said locking cireuit when said mov-
ing contacts reach their normal position, and
means controlled by the travel of said switch
for reéstablishing’ the locking cireuit if said
magnet remains energized after said inter-

‘raption.

14. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-
lishing connection between a calling line and
an idle link-circuit, driving means for said
switch, a controlling magnet for said driving
means operating when energized to cause
the actuation of said contacts, a release relay
operating when energized to establish a lock-
ing ciremt for said magnet, means for inter-
rupting said locking circuit when said mov-
ng contacts reach their normal position, and
means for retarding the release of said relay
at the time of said interruption whereby said
locking-circuit may be reéstablished by the
travel of said switch.

15. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-

_ ing switeh having moving contacts for estab-

65

lishing connection between a calling line and

an idle link-civeuit, driving means for said

k=

switch, a controlling magnet for said driving
means operating when energized to cause
the actuation of said contacts, a release relay

.operating when energized to establish a lock-

ing-circuit for said magnet, means for inter-
rupting said locking-circuit when said mov-
ing contacts reach their normal position, and

means for momentarily short cireuiting said

relay when said locking-circuit is inter-
rupted. whereby said locking-circuit is re-
established if said magnet remains energized.
16. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-
lishing connection between a calling line and
an idle link-circuit, driving means for said
switch, a controlling magnet for said driv-
ing means operating when energized to cause
the actuation of said contacts, a release relay
in a local circuit operating when energized
to_establish a locking - circuit including a
winding of said magnet and said relay,
means for interrupting said locking-circuit
when said moving contacts reach their nor-
mal position, and means for causing the con-
tinuous travel of said switch if said magnet
remains energized after said interruption.
17. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-

lishing connection between a calling line and -

an idle link-circuit, driving means for said
switch, a controlling magnet for said driv-
ing means operating when energized to cause
the actuation of said contacts, a release re-
lay in a local cireuit operating when ener-
gized to establish a locking-circuit includ-
ing a winding of said magnet and said relay,
means for interrupting said locking-circuit
when said moving contacts reach their nor-
mal position, and means controlled by the
travel of said switch for restablishing the
locking-circuit if said magnet remains ener-
gized after said interruption. '

. 18. A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-
lishing connection between a calling line and
an idle link-circuit, driving means for said
switch, a controlling'magnet for said driving

- means operating when energized to cause the

actuation of said contacts, a release relay in
a local circuit operating when energized to es
tablish a locking-circuit including a winding
of said magnet and said reélay, means for
interrupting said locking-circuit when said
moving contacts reach their normal position,
and means for retarding the release of said
relay at the time of said interruption where-
by said. locking-circuit may be reéstablished
by the travel of said switch.

19. A telephone exchange system compris-
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ing a plurality of telephone lines; a pluralify,»\

of link-¢ircuits, a source of current, a travel-

‘i_n%. switch having moving contacts for estab-°
lishing connection between a calling line and .|
“an idle link-circuit, driving -means for said

switch, a coiitrolling magnet for said- driv-
ing means operating when energized to cause

the actuation. of said contacts, a release.re- -

lay in'a local .circuit operating when ener-

‘gized to establish a locking-circuit including

a winding of said magnet and said relay,
means for imterrupting said locking-eircuit

‘when said moving contacts reach their nor-
* mal. position, and means for momentarily
short circuiting said relay when said lock--
‘ing-circuit ig interrupted- whereby said lock- .
ing-circuit is. reéstablished: if said ‘magnet

remains energized:
" 90. A telep

one exchange system compris-

ing aplurality of telephone lines, a plurality
.of link-circuits, a source of current, a travel-

in%l'.'s'w'itch" having moving contacts for estab-
lishing connection between a calling line and

. an idle link-circuit, driving means for.said

25

switch, a-controlling magnet for said driv-"

ing means operating when energized to cause

the actuation of: said contacts, and a local -

controlling eircuit for.the magnet in part

" individual to each link-circuit 'and: a manu-

.80
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40,
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ally operated connection therefrom to an in-
termediate terminal 'of said' source’ to pre-

verit the connection: of a line to said. k-

cireuit by said switch. -

in

ra%ity of link-circuits, a source. of current, a
traveling switch having-moving contacts. for
establishing connection between  a - calling
line and an idle link-ciréuit, driving means
for .said-switch, a._controlling magnet for
said ‘driving: means operating- when ener-
gized to-cause the actuation of said contacts,
and’ a local controlling circuit. for the mag-
net in part individual to: each link-circuit
and 4 manually .operated ¢onnection ‘there-

from-to an intermediate termindl of said

sotirce to cause thé establishment of a re-

lease circuit for'a traveling switch associated

with said link-cireuit. ..

g ing-a;fglﬁnaht_y‘ of telephone lines, a plurality

55

" local’ controlling: circuit for the magnet in
60- : '

of link A
eling switch having moving contacts. for es-

tablishing. connection between a. calling line

and an-idle. lirik-¢ir¢uit, driving means for
said . switeh; a controlling magnet for said
driving means’ operating when energized to
cause the actuationy’ of said: contacts, and a

patt individual™to.’each link-circuit and a

" manually operated connection: therefrom to

an’ intermediate terminal of said source

whereby: current through- said connection -
~shall at one time prevent the connection of -

_cator when a calling line

21. A telephone exchange system compris--
a plurality of’ telephone lines, a. plu-.

99, ‘A teléphone exchange system compris- "

circuits; a::source of current, a trav-:

931,906

“at another time shall cause the_estabﬁshmeht
of a release circuit for a traveling switch
~associated with the link-circuit. '

198.. A telephone exchange system compris-

‘ing a plurality of télephone lines, a plurality

of link-circuits, a source of current, a trav-

| eling switch having moving contacts for es-

tablishing connection between a- calling line

and an idle link-cireuit, driving means: for-

said switch, a signal indicator for each link-
circuit, a controlling magnet for said driv-

. ing means normally in circuit with the line,

sald magnet operating when energized to

70
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cause the actuation of said contacts, a local

controlling circuit for the magnet, and means
for causing a normal operation of the indi-

link circuit.

" 94. A telephone exchange system compris- -

ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a trav-
eling switch having moving contacts for es-
tablishing connection between a calling line
and an idle link-circuit, driving means for
said switch, a signal indicator for each link-

circuit, a controlling magnet for said driv-

ing means opérating when energized to cause

.the actuation of said contacts, a-local con-
- trolling circuit for the magnet, means for

causing 4 normal operation of the indicator

‘when a calling line is connected to a link-

elrcuit, and means for causing an abnormal

| operation of said indicator”when a line is
‘abnormally-connected to a link-circuit.

© 25, A telephone exchange system compris-

1ng a plurality of telephone lines, a phirality

of Hnk-circuits; a source of current, a trav-

eling switch having moving contacts for es--

tablishing connection between a calling line
and an idle link-circuit, driving means for

said switch, a relay magnet norinally in cir-

cuit with the line for controlling said driv-

'ing meéans operating when energized to cause

the actuation of said moving contacts, a cut-

-off relay for the line, a release relay for the
‘lifie, an off-normal switch controlled by the
“motion of the traveling switch, and an ener-
_gizing circuit for the release relay, said cir-
cuit.including a moving contact of the switch’
-and- being controlled at one point by the
~cut-off relay and at another point by con-
-tacts of'said magnet. =~ - T
.26 A tel_e_phone ‘exchange system compris-
ing a plurality of telephone lines, a plurality

of link-circuits, a source of current, a trav-
eling switch- having moving contacts for es-
tablishing connection between a calling line
and ‘an idle link-circuit, driving means for

said switch, a relay magnet normally in cir-

cuit with the line for controlling said driv-

| ing means operating when energized to cause-
“the actuation of sald moving contacts, a’ cut-
_off relay for the line, a release relay for the -
shall at one time prevent the . : line, an off-normal switch controlled hy the
86.:2'line to ‘the_link circnit by said switch and | motion of the traveling switch, and a local
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energizing circuit for said magnet completed -
Over a moving contact of the switch and con- -

trolled at ome point by coutacts of ‘the re-
another point by contacts
of said magnet. .

-27. A telephone - exchange system - com-

- prising a plurality of telephone lines, a plu-

rality of link-circuits, a source -of current,
a traveling switch having moving contacts
for establishing connectiol between a call-
ing line and an-idle Itfik-circuit, driving
means for said switch, a relay. magnet nor-
mally in circuit with the line for controlling

. said driving means operating when ener-
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gized to cause the actuation of said moving
contacts, a cut-off relay for the line, a re-
lease relay for the line, an off-normal switch
controlled by the motion of the traveling
switch, and a-moving contact for said switch
normally connected to an inactive terminal
of said source, means for including said con-
tact in circuit with an energizing winding
of said magnet when energized, means for
including said contact in circuit with the re-
lease magnet after connection is established,
and means for opening the circuit of said

“contact when said magnet and said release

relay are both energized. .
28. A telephone exchange system com-
prising a plurality of telephone lines, a plu-

‘rality of link-circuits, a source of current, a
traveling switch having moving contacts for

establishing connection between a calling
line and an idle link-circuit, driving means
for said switch, a relay magnet normally in
circuit with the line for controlling said
driving means operating when energized to
cause the actuation of said moving contacis,
2 cut-off relay for the lne, a release relay
for the line, an off-normal switch controlled

. by the motion of the traveling switch, and

45
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- lishing connection

a vestoring circuit for said switch completed
ab the energization of the release relay, said
cireuit including a2 winding of said magnet,
contacts and wincing of the release relay
and contacts of the off-normal switch.

29." A telephone exchange system compris-
ing a plurality of telephone lines, a plurality
of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-
between a calling line and

“an idle link-circuit, driving means for said

85

60
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‘switch, a relay magnet normally in circuit

with the line” for controlling said driving

means operating when energized to cause the -
o)

actuation of sard moving contacts, a cut-off
relay for the line, a release relay for the line,
an off-normal switch controlled by the mo-
tion of the traveling switch, a normal bat-
tery connection for the cut-off relay con-
trolled at contacts of said magnet, and an
encrgizing cireuit for said magnet including
contacts of the cut-off relay.

0. A telephone exchange system cempris-

ing”a plurality of telephone lines, a plurality.

‘switching means
tion between a calling line and an idle link-

1L

~

of link-circuits, a source of current, a travel-
ing switch having moving contacts for estab-
lishing connection between a_calling line and
an idle link-cireuit, driving means for said
switch, a relay magnet normally in circuit

with - the line for controlling ‘said - driving -

nesns operating when energized to cause
the actuation of said moving contacts, a cut-
off relay for the line,
line, an off-normal switch controlled by the
motion of the traveling switch, and an ener-
gizing circuit for the release relay completed

through contaets of the cut-off relay, contacts
of said magnet and contacts of the off-nor--

mal switch, iy

31. A plurality of telephone lines, a plu-
rality of associated link-circuits, automatic
switching means for establishing connection
between a calling line and an idle link-cir-
cuit, a relay normally connected to one talk-
ing strand of the link-circuit, second relay
normally disconnected from the other talk.
g strand of the link-cireuit, & controlling
circuit for said switching means-jointly con-
trolled by ¢a2 r2lays, and means for complet-
ing circuit through the two relays simultane-
ously when connection is established between
a’calling line and the link-cirheuit,

32. A plurality of telephone lines, 2 plu-
rality of associated link-circuits automatic
i for establishing connec-

circuit, a relay normally connected to one
talking strand of the link-circuit, second re-
lay normally disconnected from the other
talking strand of the link-circuit, a control-
ling circuit for said switching means jointly
controlled by the relays, and separate means
simultaneously actuated for connecting- the
link-circuit to a calling line and for connect-
ing said second relay to the said other strand
whereby said relays are simultaneously ener-
gized.
33. A

. plurality of telephone iines, a plu-
rality of

associated link-circuits, automatic
switching means for establishing connection
between a calling line and an idle link-cir-
cuit, a relay normally connected to one talk-
ing strand of the link-circuit, second relay

‘normally disconnected from the other talk.

ing strand of the link-circuit, a controlling
cireuit for said switching means jointly con-
trolled by the relays, an electromagnet for

a release-relay for the .
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connecting the link-circuit to 2 calling line, -

a second electromagnet for connecting said
second relay to said other strand and means
for establishing an energizing circuit for the
two electromagnets simultaneously, whereby
the said relays are simultaneously actuated.

34. ‘A telephone exchange system com-
prising a plurality
associated link-circuit and automatic switch-
ing means for connecting said lines for con-
versation, a relay normally connected to one
talking strand of the link-circuit, a
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of telephone lines, an .

second 130
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relay normally disconnected from the other
talking strand of said link-circuit, a control-
ling circuit for said switching means jointly
controlled by said relays, and means for com-

. pleting circuit through the two relays simul-

taneously when a definite point in the estab-
lishmenf of said conversational circuit is
reached. . , _

35. A telephone exchange system com-
prising a plurality of telephone lines, an as-
sociated link-circuit and automatic switch-
ing means for establishing connection be-

_tween said link-circuit and said lines, a relay

normally connected to one talking strand of

said link-circuit, a second relay normally
disconnected from the other talking strand -
ot said link-circuit, a controlling eircuit for

said switching means jointly controlled by
said . relays, and separate means simulta-
neously actuated for connecting the link-
circuit and one of said telephone lines and
for connecting said second relay to the said
other strand whereby said relays are simul-

. taneously energized.

931,906

36. A telephone exchange system com-
prising a plurality of telephone lines, an as-
sociated link-circuit and automatic switch-
ing means for establishing connection be-
tween said link-circuit and said lines, a re-
lay normally connected ~to one talking
strand of the link-circuit, a second relay
normally disconnected from the other talk-
ing strand of said link-cireuit, a controlling
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circuit for said switching means jointly con- -

trolled by said relays, an electromagnet for
connecting the link-circuit to a definite one
of said lines, a second electromagnet for con-

necting said second relay to said other

strand, and means for establishing an ener-
gizing circuit for the two electromagnets
simultaneously, whereby said relays are
simultaneously actuated.

In witness whereof, I hereunto subscribe
my name this 10th day of August, 1906,
: HARRY G. WEBSTER.

Witnesses: '

H. C. Orysrrab,

Caroryy ‘WeseR.
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