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Td all whom i may concern:

Be 1t known that we, ALFrEp H. Dysox

and Francrs W. DuNBar, residents of the
city of Chicago, county of Cook, and State of
Illinois, have invented new and useful Im-
provements in Telephone Systems, of which
the following 1s a specilication. |

Our invention relates to telephone systems
in which the connection and disconnection of
subscribers’ lines is secured by means of au-
tomatic switches at the exchange, responsive
to cading mechanisms at the substations.

a system of the described character, in which
a central source of ecurrent is used for the
double purpose of operating the switches and
supplying current for conversational pur-
poses. It is common practice in systems of
this character to effect the release of the au-
tomatic switches, used in an established con-
nection, by causing a subscriber to simul-
taneously ground the two limbs of his tele-
phone line at the substation, this act operat-

ing to throw out of balance the windings of a
diflerential relay at the exchange, whereby

the core of the relay becomes magnetized and
attracts an armature to cloge circuit through
the apparatus provided for returning the said
switches to normal.

In accordance with the common practice
mentioned, we provide a differential relay
for the purpose, but arrange its windings 1n
such manner that, in addition to the function

above mentioned, it also acts during conver- .
sation as a repeating device, inductively unit- |

ing the conversational cireutts of the twocon-
nected substations.
called a differential repeating relay.
Referring to the drawings, Figure 1, con-
sisting of sheets 1 and 2, illustrates diagram-
matically two telephone lines extending from
substations to the exchange and apparatus
at the exchange auitable for umting them in a
conversational eireuit. In Fig. 2 1s shown a
eneral view of a selective switch mechanism
or use in connection with the circuits of Ifig.

1. Fig. 313 a top view of the primary mag-

net of the said switch and its parts. Fig. 4

shows a side yiew of the primary magnet in-
cluding the pawl and shaft ratchet.  Fig. 5|

18 a8 perspective view of the side switch parts.

85

Fig. 6 is a top view of the secondary magnet,
its pawl and the associated shaft ratchet.
Figs. 7 and & show respectively top and front
views of the bank contacts of the switch.

Such a relay may be .

f

- and bell.

Our invention relates more particularly to | A.

trated, diagrammatically, substation appa-
ratus ncluding the usual transmitter, hook
switch, receiver, induction coll, cendenser
We provide, in addition there »,
a calling device 1 and a releasing device, con-

 sisting of springs 8, 9 and 10, adapted to be
operated by arm 6* forming part of the hook

lever. P and S are the two litabs of the tele-
phone line extending to the exchange and
there connected with the circuits of first
selector switch B, which, in the system
shown, is individual to the line of subscriber

wipers 44, 45 and 46 attached thereto, and
multipled terminals of a plurality of second
selector switches adapted to be engaged by
the said wipers. The terminals of the latter
switches may conveniently be arranged in
oroups, the switches of each group being as-

signed for connection to a division of one -

thousand subscribers’ hines. The ecircuits
illustrated at, B include means, controllable
from substation A by means of calling device
1, adapted to effect primary movements of
shaft 43 to cause 1t to move wipers 44, 45 and
46 to positions adjacent to, but not engaging,
terminals of the second selector switches of
any group. It also provides means, respon-
sive to calling device 1, for initiating second-
ary movements of shaft 43 to cause the wipers
to move over the terminals of a selected
group of second selector switches, their mo-
tion being arrested when they engage termi-
nals of an idle switch.. Second seléctor
switch C may comprise shafl 84 and wiper:
35, 86 and 87 attached thereto and terminals
of connector switches adapted to be engaged
by the said wipers. These terminals may be
arranged in groups, the connector switches of

This switch may comprise shaft 43,

o
-

65

70

75

80

85

90

95

each group being assigned for connection to

a different one hundred-line division of the
one thousand-line division to which the sec-
ond selector switch is sssigned. The second

selector switch comprises means, adapted tc 100

be operated from the substation at A, when
the line at the substation 'is connected
through to the switch, by calling device 1, for-
imparting primary movements to shaltt §4 to

-cause the wipers of the second selector switeh
“to move to positions adjacent to the different,
| groups of terminals of tlie'connector switehes

described.  Means are nlzo provided, respon-

sive to calling device 1, for imparting second-

ary movements to the shaft to cause the
wipers to move over the terminals of a se-

Referring to Fig. 1, at A, we have illus- | lected group, their motion being arrested

105
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when they engage terminals of an idle con- ! to the left of spring 8. He thereupon re-
- volves calling device 1 in the direction mndi-
cated by the arrow, untu two teeth of the

nector switch. A connector switch, such as
we i:~- 2 1llustrated at D, may include a shaft

154 with wipers 148, 149 and 150 and mul- ;

tipled terminals of one hundred subseribers’
lines adapted to be engaged by the wipers.

The said terminals may conveniently be ar-

ranged 1 ten groups of ten each, the first
eroup 1ncluding lines numbered from 1 to

10; the second, lines numbered from 11 to |

~ 20; the third, lines numbered from 21 to 30,

1b

20

ete., of the one hundred to which the partic-
ular connector switch is assigned.
nector switch may also inelude means con-
trollable from a substation, as A, by means
of calling device 1 when the line at the sub-
station is connected through to the connector

switch, for imparting primary movements to |
the shaft to bring the wipers adjacent to, but

not engaging, any one of the aforementioned
ten groups of line terminals. 1t further pro-

vides means, responsive to calling device 1,

25

30

adapted to impart secondary movements to
the shaft to cause the wipers to move 1nto
engagement with terminals of any line of a

selected ten - ime group. The connector

switch provides means whereby the callin
subscriber may cause the bell of the calle
subscriber to ring. It further includes means
for supplying talking current from a central
source to the transmitters of connected sub-

- scribers, and a differential repeating relay

35

- than first selector switches (which, as before
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such as we have before described. |
An exchange, provided with switches of
the three classes mentioned, may be used to

supply service to several thousand sub-
scribaers. Second selector switches and con-
nector switches mav be much less numerous

stated, are individual to subscribers’ lines),
the system operating on the multiple trunk-
ing principle, well known in the art.

The mechanical connections between the
shafts of the various switches and the elec-
tromagnets operating them, the arrange-
ments of the ternmunals encaged by the
wipers of the various switches and the me-
chanical forms of switches generally, may be
of any approved character. Our invention
does not require any particular arrangement
of these mechanical parts, but consists
rather in certain features of the circult ar-
rangement 1llustrated. '

Having described our mvention in a gen-
eral way, the detailed relation to the di%fer-

narrative of operation of the system. As-
surming that subseriber A desires to be con-
nected with subseriber ¥, whese number
1s assimed to be 2342, subscriber A effects
switching movements as follows: He first re-
muoves his receiver from the switch hook,
which act operates to close contact 6—7 and

to meve arm 62, attached to the hook lever. |

The con- |

'L

)

E

ratchet shown thereon pass beneath spring
- The revolution of the dial at 1ts start
brings the pin, shown upon, the dial, to dis-
engage the spring with which it 1s shown
engaged, which by its tension disengages its
associated contact spring, thereby opening
circuit through the substation transmitter
and conductively disuniting limbs P and S.
These springs remain disengaged until the
calling device returns to normal. Having

-moved two teeth below spring 2, subscriber

i

A releases the calling device which thereupon
revolves in the opposite direction, closing and
opening contact, by the engagement of its
teeth with spring 2, between springs 2 and 3
two times. Two impulses of current there-
uﬁon flow from ground at the substation,
through contact 3—2 to hmb P of the line,
over the said limb to the exchange, through
contact 32—33 of first selector switch %%,
through the winding of relay 12 to the active
side of grounded bhattery 22, causing two en-

70

75

890

80

90

ergizations and deénergizations of the said

relay and two attractions and releases of its
armature. Two impulses of current are
thereby caused to flow from ground at the
first selector switch, through contact 14—13,
through armature 19, through the wmding
of primary magnet 17 to battery 22. Two
energizations of the said primary magnet are
caused thereby, the said magnet 1mparting
motion to shaft 43, such that wipers 44, 45

and 46 are moved to positions adjacent to
terminals of a group of second selector

- switches assigned to a division of subscribers’

| 22,
ent parts of the circuits, shown in Fig. 1, to :
one another may best be understood from a

lines, including numbers from 2000 to 2999.
As soon as shaft 43 moves, contact 42—42*

| 18 closed, placing ground on termmal 151 and

its multiples, which thereupon test busy to
connector switches having access to them.
Referring agaln to substation A, it will be
noted that calling device 1, after eflecting
the second closure of contact between springs

2 and 3, causes contact between springs 5

and 4 to be made and broken a single time in

| 1ts return to its normal position ilustrated.

An impulse of current thereupon flows from
eround at the substation,-through contact

85
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5—4, to limb S of the line, over the said Iimb

to the exchange, through contact 36—37,
through the winding of relay 16 to battery
The consequent attraction and release
of the relay’s armature establishes a path for
the flow of current from ground at the first
selector switch, through contact 14—15,
through the winding of relay 18 {o battery

22, The resulting energization and deéner-

gization of relay 18 moves arms 24, 28, 32 -

' and 36 into engagement, respectively, witlk

contact powmts 26, 30, 34 and 38. e en-
eagement of arm 28 with contact point 30
connects wiper 44 through relay 18 to bat-

120
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a

tery 22. The engagement of arm 24 with | selector switch C, terminal 47 of the second

contact point 26 closes circuit through sec-
ondary magnet 21 which thereupcn attracts
its armature and imparts a secondary move-
ment to shaft 43 in such manner that wipers
44, 45 and 46 engage the terminals of the
first second selector switch of the before
mentioned group. In case this second se-
lector switch is idle, the deénergization of
secondary magnet 21, which ensues immedi-
ately upon its energization, due to the vibra-

tory character of its circuit, operates to move
‘arms 24, 28, 32 and 36 into engagement with

contact pomnts 27, 31, 35 and 39, respectively.

In case the second selector switch is already
In use, the engagement of wiper 44 of first se-
lector switch B with contact terminal 47 of
the first second selector switch of the group
establishes a circuit, causing a second ener-
gization of relay 18 of the first selector
switch of subscriber A as follows: from

ound at the first selector switch then ren-
dering the second selector switch busy,
through contact 31—2% of said first selector
switch, through relay 40 to wiper 44 of the

L

sald first selector switch, to a multiple of the

terminal engaged by wiper 44 of the first se-
lector switch of subseriber A, to the terminal

engaged, to wiper 44 (Fig. 1), through the

winding of relay 40, through contact 28—30

and through the winding of relay 18 to the
active side of battery 22. The windings of
relays 40 are so proportioned to that of re-
lay 18 that this flow of current is insufficient
to cause the attractions of their armatures.
The energization of relay 18 operates to pre-
vent riovement of arms 24, 28, etc. to en-
gage contact points 27, 31, etc. upon the de-
energization of secondary magnet 21. Owing
to the fact that contact 24—26 thus remains

closed, magnet 21 is energized and deéner- -

gized a second time, imparting another sec-
ondary movement to shaft 43 such that

wipers 44, 45 and 46 are moved to engage ter-
minals of the second second selector switeh of

the group.” Should this switch be also busy,

circuit is continued through relay 18 un-.

broken, the relay continuing to prevent the
movement of arms 24, 28 etc. ‘Secondary
magnet 21 continues to vibrate, imparting

- successlve secondary movements to shaft 43,

which move wipers 44, 45 and 46 into en-
gagement with terminals of successive sec-

ond selector switches of the group, until ter-
‘munals of an idle switch are engaged.

suck case, no first selector switch is con-
nected to a multiple of terminal 47 of such

- second selector switch; the circuit through

€0

65

rei:y 18 is broken, and the relay deéner-
gized, which then allows the retractior of the
armature of secondary magnet 21 to move
arms 24, 28, 32 and 36 into engagement with
contact pomnts 27, 31, 35 and 39 respectively.
‘Wipers 44, 45 and 46 are now in engagement
with terminals 47, 48 and 49 of idle second

In

o |
—

I

respectively,

selector switch rendering its multiples busy,
due to the closing of contact 28—31, thus
preventiug intrusion from other first selector
switches having access to switch C.

The closure of contacts 32—35 and 36—39,
as above described, extends'the circuits of
himbs P and S of the telephone line of sub-
scriber A through to wipers 45 and 46 and to
the circuits of second selector switch () ren-
dering it controllable from substation A.
Subscriber A now revolves calling device 1
until three teeth have passed below spring 2,
and, releases it, the device In its return to
normal closing and breaking contact three
times between springs 2 and 3. Three im-

ulses of current are thereby caused to flow
rom ground at the substation, through con-
tact 3—2 to himb P eof the telephone line,
over the said imb, through contact 32—35,
contact 45—48, contact 76—77, through the
winding of relay 51 to the active side of bat-

70

79

80

88

tery 22, causing three energizations and de-

energizations of the said relay. Three re-
sulting attractions and releases of the relay’s
arinature cause three impulses of current to

90

flow from ground at second selector switch

C, through contact 56

magnet 60 to battery 22, causing three ener-
gizations and  deénergizations of said mag-
net. The said magnet operates to impart
three primary movements to shaft 84, which
moves wipers 35,86 and 87 to positions adja-
cent to, EJl)fnut not’ engaging, muitipled ter-
minals of asgroup of connector switches as-
signed for connection to a division of sub-

| scribers’ lines including numbers from 300 to

399 of the second one thousand division, or

from 2300 to 2399. -

Referring again to substation A, calling

device 1, as it reaches normal, closes and
‘breaks contact a single time betwcen SPrings
5 and 4, causing an impulse to flow from

ground at the substation, through contact
5—4, to limb S of the telephone line, over

‘the said limb, through contact 36—39, con-

tact 46-—49, contact 80—&81, through the
winding of relay 59 to battery 22, which

causes the-energization and deénergization
of the said relay. The resulting attraction

and release of 1ts armature causes an im-

pulseof current to flow from ground at second
pselector switch C, through contact 56—57,
-through the winding of relay 61 to bat-
tery 22, causing the energization and deéner-

55, through arma-
-ture 62, through the winding of primary

r

95

100

105

110

115
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gization of the said relay. This operates to .

‘move arms 68, 72, 76 and 80 into engage-

ment with contact points 70, 74, 78 and 82,
The ergagement of arm 68
with contact point 70 causes secondary mag-
net 63 to become energized, its deéner%l zation
immediately following, due to the vibratory

character of its circuit. The energization of

125

the said magnet operates to impart a second- 130
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ary moveinent to shaft 84, such that wipers !

85, 86 and 87 ave moved into engagement
with terminals of the 1irst connector switceh

of the beivre mentioned group. Should this
he an icle switeh, the deénergization of mag-
net 63 and the consequent retraction of 1its
armature operates to move arms 68, 72, 76
and 80 into en ragement with contact points
71, 75, 79 and 83, respectively, the closing of
contact 6%-—71 preventing further energiza-
tion of mmgnet 63, and the closing of con-
tact T5—72 putting ground upon the multi-
ples of the terminal of the connector switch
engnged by wiper 83, rendering the said
switch busy.

mment of wiper.85 with its terminal 88, circuit
is closed through relay 61 of second selector

switch C asfollows: from ground atthesecond |

selector switch then connected with the said
connector switch, through contact 75—72,

relay 65 to wiper 85 of ‘the second selector |

switch rendering the connector switch busy,
to a multifple of the terminal engaged by
wiper 35 o

terminal engaged by wiper 85, through relay
65 of second selector switch C, through con-
tact 72—74 and through the winding of relay
22. The windings of relays 65
are so proportionéd to that of relay 61 that
this flow of current is insufficient to cause the
attractions of their armatures. The ener-
pization of relay 61 prevents the movement
of arms 68, 72, etc. to engage contact points

5 71, 75, ete. upon the retraction of the arma-

ture of secondary magnet 63. Arm 68
therefore remaining in engagement with con-

tact point 70, magnet 63 1s alternately ener- |
- current from

gized and deénergized, each time causing
o secondary movement of shaft 84 which
moves wipers 85, 86 and 87 to engagement
with terminals of successive connector
switches, until terminals of an idle one are
reached.
relay 61 is broken, the relay 1s deénergized
and the retraction of the armature of magnet
63 now operates to move arms 68, 72, 76 and
80 into engagement with contact points 71,
75, 79 and 83, respectively. Arm 63 disen-

When this occurs, circuit through

- of grounded battery

Should, however, the first |
connector switeh be busy, upon the engage-

second selector switch C, to the |

gaging contact point 70, further energization

of magnet 63 is prevented and wipers 85, 36
and 87 rest in engagement with terminals 88,
39 and 90 of idle connector switch D. »The
engagement of arm 72 with contact point 75

places ground, through relay 65, upon ter-

jinal 88 and its multiples, rendering the con-

“pector switch busy with respect to other sec-
ond selector switches hauving

access to 1t
The closing of contacts 76—79 aad 80—33

-extends the circuits of limbs P and S thl‘ﬂuih
e

to wipers 86 and 87 and through them to t
circuits of the connector switch selected,
rendering it controllable from substation A
by calling device 1.
Subscriber A now

807,582

vice to send four impulses of current over
limb P of the line, the said impulses
through contact 86—89, switch C, t 1r0ugﬁ
the winding of relay 91 of the connector

switch, to the active side of gmunded battery

deénergizations
of the relay are effected thereby, the result-
ing attractions and releases of its armature
' causing four impulses of current to flow from
| oround at the connector switcn, through con-
| tact 94—93, through contact 100—101,

08. Four energizations an

through contact 129—130, through the wind-

};ﬂ,ssinrr |

70

75

ing of primary magnet 125 to the active side .

126. Four energiza-
tions of primary magnet, 125, caused thereby,
effect four primary movements of shaft 154,
which moves wipers 148, 149 and 150 to po-
sitions adjacent to, but not engaging, ter-
minals of a group of lines including those
numbered from 2341 to 2349 inclusive, fol-

‘lowed by terminals of line 2340.

Referring to substation A, the return of
dial 1 causes a single impulse to flow from
eround at the.substation, througn contact
54, over limb S of the line, through con-
tact 87—980, switch C, through contact 105—

30

85

g0

108, through the winding of relay 97 to bat-

tery 98, causing the relay to be energized and
deénergized. The attraction and release of
its armature causes an impulse of current to
flow from ground at the connector switch,
through contact 94—95, through the wind-
ing of relay 99 to battery 98. The resulting

' energization and deénergization of relay 99
| operates to cause arms 129, 133, 139 and 143

to engage, respectively, contact points 131,
135, 141 and 145. Subscriber A now oper-
ates calling device 1 to send two impulses of
ground at the substation,
through contact 3—2, over limb P of the
line, through the winding of relay 91 to bat-
tery 98. The resulting attractions and re-
leases of the relay’s armature cause two 1m-
pulses of current to flow from ground at the
connector switch, through contact 94—93,
contact 100—101, contact 129—131, through
the winding of secondary
tery 126. Secondary magnet 128 1s twice
energized and deénergized, effecting two
secondary movements of shaft 154 which
moves wipers 148, 149 and 150 into engage-
ment with terminals of the second sub-
seriber’s line of the before mentioned group,
or of line #2342 of the called-for subscriber,
whose substation is assumed to be F. The

05

100

105

110

magnet 128 to bat-

115

120

return of the calling device of subscriber A to

normal causes an impulse of current to flow
from ground at the substation, through re-
lay 97 of connector switch D, causing the re-
lay to attract its armature and, as before de-

| seribed, thereby cause the energization of re-

 lay

09. Assuming the line of subscriber F to
~ the attraction of

be already in use or busy
103, upon the

armature 102 to engage anvil

125

operates the calling de- | energization of relay 99, causes current to 130
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35 primary magnet 125, which in’}})m'tﬁ a Pri-
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Hlow from ground, through contact 151-—148, |
through contact 133-—135, through contact
105—102, through the winding of release
magnet 122 to battery 98. When’relay 99
6 15 deénergized upon the cessation of - the im- |
Fulse, contact 103-—102 is opened and re-
ease magnet 122 1s deénergized, causing the
return of shaft 154 ang its wipers, together
with arms 129, 133, 139 and 143, to normal.
10 The ground connection to terminal 151 may
be established in either of the following ways.
Should subscriber F, at the time connection
1s made with his line, be a calling subscriber
the first primary movement of the shaff of :
15 ltus first selector switeh E allowed spring 42 |
to engage anvil 42*, thus placing ground, |
through the said contact 424--42 upon ter-
minal 151. Should another subscriber al-
ready have established connection with the
20 Jine of subscriber F, terminal 151 is connect-
_ed to ground at the connector switch already |
connected with a multiple of the said ter- |
minal, through contact 133—136 of the said |
connector switch. Subseriber A now de-
26 presses key 11, grounding limb P of the line
at his substation, this being the switchin
operation for ringing the bell of the called

st;bscriber, should his line be idle. Under |
the eircumstances described, however, the
30 connector switch having been released and |
returned to normal, this grounding of limb P |
of the line of subscriber A causes the energi« |
zation of relay 91 of the connector switch |
which, in turn, causes the energization of

mary movement to shaft 154, The first pri-
mary movement of the said shaft, which may
be 1n a vertical direction, causes lug 147 to
move spring 137 into engagement with anvil ;
40 138. The closing of contact 137—138
causes, 1n the subseriber’s receiver, the char-
acteristic busy signal from busy back ma-
chine 127, circuit being traced through con-
tact 157-—138&, conctact 111--109, over the
15 talking circuit at the exchange, as identified |
by the heavy lines, to imb P of the line of |
subseriber A; the current returning through
the substation, over limb 8 and the talking
circuit at the exchange, through contact
50 108105, threuagh the winding of re’ y 97 |
and through the circuits of battery 98.
While primary movemen.s of shaft 154
cause the closure of contact 137-—138, the |
first secondary mevement of the shaft oper-
55 ates to open the said contact and cut bus
- back machine 127 out of circuit with the call-
ing subscriber’s line. While the connector
switch is executing switching movements in
response to the transmission, by the calling
60 subscriber, of the impulses representing the
third digit of the called subscriber’s number,
the calling subseriber hears the busy signal.
As soon, however, as.the first impulse of the
- fourth digit is transmitted, the busy signa’ is |
65 no longer heard. This method of operation !

1s found in practice not to be objectionable.
Subscriber A, being notified that the called
Iime 1s busy, replaces his receiver upon hook
lever 6, the lever resuming its normal posi-
tion as shown in the illusiratipn, arm 62 caus-
Ing contact $o be momeniarily made between
springs 8, 9 and 10 and ‘thereupon broken.
The closing of contact between the said
springs connects the two limbs P and S of the
line to ground at the substation, which re-

" I . . - .
' sults in'a simultaneous energization of relays

70

75

91 and 07 of connector switch 1. The arma-

tures of the said relays are simultancously at-
tracted and contact 1s closed between springs
92 and 96, establishing a path for the 1{)1:}“-* of
current from ground at second selector

switch C, through contact 75--72, through

the winding of release relay 65, energizing
the said relay, through contact 85-—88,
through contact between springs 92 and 96,
through the winding of release magnet 122 of
the connector switch, energizing the said
magnet, and to battery 98. .

The energization of release relay 65 of see-
ond selector switch C attracts the relay’s ar-
mature, establishing a path for the {'ﬁ)w of

80

80

90

currentirom ground at the first selectorswiteh

B, through contact 31--28 through the

winding of release relay 40, through contact
44—47, through armature 66 of release relay
63, through release magnet 67 of the second
selector switch, to battery 64. Release re-

lay 40 of the first selector switch attracts its

armature to close current from ground,
through contact 155—156, through the wind-
ing of release magnet 154 to battery 22, caus-
ing the energization of the said magnet.

- When contact between springs 8, 9 and 10 is

broken, relays 91 and 97 of connector switch
D) are deénerzized, and contact 92—96 is
opened. Release relays 65 and 40, and re-
lease magnets 67 of the second selector
switch and 154 of the first selector switch,
are deénergized, which effects the release of
second selector switch C and first selector
switch B, and the return of their mechanisms
to normal, as illustrated. When contact
92—96 1s opened, release magnet 122 is deén-
ergized and the connector switch is restored
to normal.

In case the line of subseriber F is idle at the

time when subseriber A establishes connec-

tion therewith, as before described, terminal

| 151 1s connected to battery and the attrac-

tion, by relay 99, of its armature 102 to en-
gage anvil 103, as belore described, fails to
energize release magnet 122. Relay 99 be-
comes deénergized and arms 129, 133, 139
and 143 are thereby caused to engage con-
tact points 132, 136, 142 and 146, respec-

tively. The clesing of contact 136—133 of
- connector switch D establishes ground to

teriminal 151, rendering the line of subscriber
F busy, and also nstablishes a path for the
flow of current from ground at connector
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switch D, through contact 136—133, through

contact 148—151, through the winding of

10

relay 50 of first selector switch E, to
battery 98, causing the said relay to at-
tract 1its armatures and cut off the circuits of

the first selector switch from the limbs of the
line of subscriber K. Subscriber A now de- .

presses key 11, grounding limb P of the line,
current flowing from ground at the substa-
tion, over the sald limb, through relay 91,
causing its energization. The resulting at-

traction of its armature establishes a ﬂ;ﬁl for |

~ the flow of current from ground at the con-

15

20

2D

30

nector switch, through contact 94—93,
through contact 100—101, through contact

129—132, through the winding of ringing !

relay 121, to battery 98. The said relay 121

is energized and attracts its armatures 123

and 124 to include ringing generator 120 in
circuit with the line of subscriber ¥, causing
his bel]l to ring. When subscriber A re-
leases key 11, generator 120 1s cut out of
circuit. Subscriber F, in response to the

thereupon closes contact 6—7, establishing a

path for the flow of current as follows: from

the grounded side of battery 112, through
Willdil_‘lg 117 of relay 113, the current there-

upon joining current from the grounded side

of battery 112, through the lower winding of

relay 104, the joint flow proceeding through

armature 124 of relay 121, through contact

- 143--146, contact 150—153, over hmb S of

35

40

45

ks,

60

the line of subscriber F, through the trans-

mitter, supplying talking current thereto,
through contact 7—6; returning over lhimb

P of the hne, through contact 152—149,

through contact 141-—139, through arma-
ture 123 of relay 121, the current then divid-

ing; a portion flowing through winding 115
of relay 113, to the active side of battery 112; |

the qther t];:acn*t]l{:)r.i flowing through the upper
winding of relay 104 to the active side of the
sald battery. - | S

Windings 115 and li'T, disposed ﬁpbn 'opp'o-

site ends of the core of diflerential repeating

relay 113, are <o proportioned and arranged

as to neutralize their magnetic elfects upon
‘the core of the said relay which, under these
b0

circumsiances, does not attract its armature
118. RRelay 104, or the other hand, 18 not
differentially wound. The ubove deseribed
flow. of current ellects the magnetization of

its core, which attracts armatures 103 and
109 to engage anvils 106 and 110, This es-

tablishes an additional path for the flow
of current from the grounded side of bat-

tery 112, through winding 116 of relay 113,

through contact 106--108, over the talking

circiiit at the exchange, as indentified by the
-heav line. to lmmb S of the line of subseriber
AT throv gh the transmitter at the substation, |

suppivitg talkine curren. thereto, through
contact 7—=05; returning over linb P of the

| through the exchange, through contact
| 109-—110, through winding 114 of relay 113,
- to the active side of battery 112. Windings
114 and 116 are so proportioned and dis-
- posed upon the core of relay 113 that they 70
| neutralize their magnetic etlects upon the
core, armature 118 not being attracted.
Subscribers A and ¥ are now in conversation.
The alternating voice currents, when sub-
scriber I 1s speaking in his transmitter, are 75
reFeated by coils 115 and 117 of differential
relay 113 in circuit with the called sub-
scriber’s line, to coils 114 and 116, respec-
tively, in circuit with the line of -the calli)ing
subscriber, and by means of the induction 80
coll at the substation, to the receiver of sub-
scriber A. When subscriber A 1s speaking;
the voice currents are repeated from coils 114
and 116 to coils 115 and 117 and by means of
the induction coil at the substation, to the 85
receiver of subscriber F. During conversa-
tion, no impedance 1s connected to the talk-

| ing circult, other than that of relay 104. It
call, removes his'receiver from hook 6, which

will be noted that the arrangement of the
colls of relay 113 1s such that the amount of 90
current flowing through the transmitters of

the two subscribers in conversation is inde-
pendent of the relative resistances of their
respective lines. -It will also be noted that
the neutral condition of the core of differ- 95
-ential relay 113 is independent of the rela-
tive resistances-of the.lines of connected
subscribers, the two windings in circuit with
each line independently neutralizing - one
~another. When the subscribers have fin- 100
Jshed their conversation, they replace their
receivers upon the hooks, which operates to
close and then break contact between springs

8, 9 and 10 at their respective substations.
Assuming that subscriber F does this first, 105
the resulting grounding of the two limbs of -
his line short circuits winding 117 of relar

1 113, while current continues flowing througl
| winding 115 m undiminished volume. This

unbaiances-the neutralizing effect of the two 110

. windings; armature 118 closes contact 118—

| 119, establishing a path for the flow of cur-
rent from ground at secornd- selector switch

. C,'throtgh contact 75—72; through the wind-

ing of release relay 65 of the second selector 115

switch, energizing said relay, through con-

L tact 85—88, through - contact: 118—119,

‘through the winding of release raagnet 122

energizing 1t, and to battery 98. 'The ener-

gization of release relay 65 of second selector 120

switch C effects the energization of release

 magnet 67 of the said-switch, as before de-

scribed, and of release relay 40 of the first

- selector switch which, 1n turn, éffects the

energization of- release magnet 154 of the 125

!Sﬁ;id switch, - |

- Referning again to substation F, when

' springs 8 9 and 10 disengage one another,

~eyegiitt 18 broken threugh windings 115 and

65 line, ¢ver che other side of the talkirg e voviiv L 117 <4 relay 113 and the windings of relay sy
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gages anvil 119 and the release magnets of

. 90Boz:

104, dednergizing the relay whose retracted |
armatures take current from the line of A :
and windings 114 and 116. Under these
circumstances, armature 118 disengages
anvil 119, opening circuit through release
magnet 122 of the connector switch, whose
deénergization causes the switch to return to
normal. ltaféso opens circuit throughrelease
relay 65 of second selector switch €, which s
deénergized; 1t deénergizes release magnet
67, returning the second selector switch to
normal, and also release relay 40 of the first
selector switch. The lattér relay deéner-
gizes release magnet 154 of the first selector
switch which thereupon returns to normal.
All apparatus, used i establishing the con- |
nection, has been returned to normal and,
in this case, the act of subscriber A in re-
placing his receiver 1s nugatory. _

Assuming that Eubscri%)er A replaces his
receiver in advance of subseriber ¥, causing
contact between springs k‘18,, 9 and 10 to be
closed and the two limbs of his line to be
grounded at the substation, winding 116 of
relay 113 is short circuited, while current
continues flowing in undiminished volumé
through winding 114 of the said relay. T’}w
neutralizing effect of the two windings upon
one another is destroyed; the core of relay
113 is magnetized and attracts armature
118 to engage anvil 119. This effects the
energization of the release magnets of the
connector switch, the second selector switch
and the first selector switch in the manner
described in the case in which subseriber ¥
accomplished the release.. When springs 8,
9 and 10 disengage one another, circuit is.
opened through windings 114 and 116, and
their unbalancing effect upon the core of
relay 113 is destroyed; and assuming that
subscriber ¥ has not yet replaced his re-
celver upon the hook, armature 118 disen-

T—

1
1
4

L
F

the various switches are deénergized, caus-
in% them to return to normal. ‘
t will be noted that should limbs P and S

]

- ously evergizes relavs 91 and Y7 of switeh D,
the path for the flow of current thereby

of both subseribers’ lines be simultaneously
grounded, windings 116 and 117 of relay 113
will be simultaneously short circuited,,cur-

rent continuing to flow through windings 114
ind 115. There will thus be a greater un-
balancing effect upcn the core of relay 113
than in the cases in which one subscriber
alone accomplished the release operation,
joint actions of the subscribers in releasing

cooperating with each other. In this case,

lay 113 does not occur until ground has been
removed from the two limabs of the line of
substation k.
ahle the calling subscriber, should he desire
on sccount of an error in transmitting a call,

or for any other reason during the time he is |

establishing a connection, to return the ap-

We also provide means to en- |

paratus to normal, to accomplish this result, | circuit D of

7

e

Assuming that the calling subscriber A has
operated switch B to connect the switch C,
he thereupon replaces liis receiver upon the
hook, grounding the two limbs of his line,

and relays 12 and 16 of switch B are simul- 70

taneously energized. The energization of re-

lay 16 closes circuit through electromagnet
18, drawing up armature 19. Current there-'
upon flows from ground, through contact

energizing magnet 154. When ground is re-
moved from the two limbs of the line, relays
12 and 16 are deénergized and also magnet

| 1413, through contact 19—20, through the 75
' winding of release magnet 154 to battery 22,

154, which efects the return of switch 13 to 80

normal. -y |

Assuming that the calling subscriber has
operated switch B and switch C, the latter to
connect with the connector switch, and then
I‘E‘-}"ﬂ&-(ﬁ.ﬂs his receiver, in this case relays 51
and 59 of switch C are simultaneously ener-
rized, establishing a path for the flow of cur-
rent as foliows: from ground at switch B,
throuch contact 31—28, through the wind-

86

ing of release relay 40, through contact 90

| 44—47, through contact 52—53, through the

winding of release magnet 67 of switch (' to
battery 64, encrgizing relay 40 and magnet
67. The energization of relay 40 eifects the
energization of releasg magnet 154; and
when ground is removed from the two limbs
of the line at the substation, the resulting
opening of contact 52—»53 results m the de-
energization of release magnets 67 and 154,
and the return of switches € and B to
normal. '

~Assumiing that the calling subsceriber has
operated switches B, C and D, and desires to
return the appargtus to normal, the ground-
ing of the two lisnbs of the Jine simultane-

1

being established from cronand at switeh €,
through contaet 75--72, throngh release re-
lavy 65, contact 85--8%, throuch contact
y Do, , e
92—96 of switch D, the winding of relcase
magnet 122 to battery 5. Helay 65 of
switeh C and- magnet 122 of switeh 1D arve
energized, the drawing up of the former pre-
paring the release mechanisms of switches ¢

i and B for the return of the swirches to nor-

mal, as heretofores deseribed.  When ground

18 removed from the hihs of the line at the

substation, the dedéncrgization, resulting
therefrom, of relays 91 and 97 of switch D,

_ opens contact 92—90, and the rclease mag-
however, the release of armature 118 of re- |

nets of all three switches are deénergized and
the switches returned to normal. |
Referring now to Fig. 2, we show a switch
mechanism generic to the circuits B, Cand E
of Fig. 1, being adapted for use to perform
the mechanical functions of any of said cir-
cuits, and with minor modifications hereafter
indicated may be used in connection with
ing. 1. To avoid repetition of
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drawmgs, we show a single switeh, and for ! from-tooth 18¢ to engage tooth 18
Ccanvenlence
tiereto, corresponding to circuit B. The .

supply  reference
switeh  comprises essentially the contact
hanks L. and 1, concave in shape as indicated
in Figs. 7 and &, and including each one hun-
dred sets of eontacts arranged in ten super-
posert rows of ten contacts each. In front of
the banks is placed the shaft 43, journaled to

characters .

007,582

By this
neans, side switch arm 24, fastened to piv-
oted pawl 18%, is moved to disengage contact
25 and to engage contact 26. :

In Fig. 5 1s indicated the manner in which
a plurality of circuit-changing arms 24, 28,
32, ete., may be associated with a single side

switch pawl 184, suitable sets of insulated

contacts being provided for each arm so that

70

the bank supports and carrying wipers 44, | each movement of the side switch pawl 1s 75
45 and 46. ‘bove the banks, a double | effective for a plurality of simultaneous

ratchet, having horizontal and vertical teeth,

18 fastened to the shaft.  Adapted to engage
the horizontal teeth and lift the shaft and
wipers to select contact rows, is the arma-

ture-driven pawl 17¢ controlled bv magnet ]
ol pawl 21" fastened thereto, which, éncage-

17; while adapted to engage the vertical

teeth and rotate the shaft and wipers to se-
lect contacts of the selected rows, is nrovided

circitt changes. The next step in the op-
eration of the switch is the sending of one or
more mnpulses through secondary magnet
21.  EKach is effective to cause the attrac-
tion of the magnet’s armature and a thrust

Ing successive vertical ratchet teeth of the
shaft, rotates the shaft and wipers 44, 45

80

20 armature-driven pawl 21" eontrolled by | and 46 from contacts to contacts along se- 85
~magnet 21. Jthe side switeh mechanism | lected rows. Kach time the armature of
‘comprises magnet 18 witiy its armature- | magnet 21 is attracted, arm 21% engages the

controlled spring ineluding teeth 18" and ! armature of side switch magnet 18; and un-
18¢ controlling 11e movements of pivoted less the said magnet has become energized a

25 side switeh pawl I8¢ and consequently of | second time, (as described in connection o
switch-arm 24 fastened to the pawl. For | with the circuits, after the first actuation of
restoring the shaft and side-switeh, the re- | secondary magnet 21,) arm 212 with the
lease magnet 154 is provided. - first energization of magnet 21 thrusts the

~ Inthe operation of the switch, one or more | armature of magnet 18 to the right and

30 currentimpulses arefirst transmitied through | then releases it, whereby side switch pawl g5

© prinary magnet 17, The first attraction of |- 18 is advanced another step to the left to
Cthe miagnet’s armature is efTective to accom- | engage tooth 18¢, and arm 24 moved to dis-
piish three simultaneously occurring results, | engage contact 26 and to engage contact 27.

- mamely: irst, .arm 172 lifts arm 1542 up- | It 1s apparent, however, that if magnet 18

35 ward to dizengzage the pin on double detent | becomes . energized because - the switch }oo

- d d, which then moves toward the shaft | wipers are passing over busy contacts, no
ratchets, engaging with its upper part a | second step of side switch pawl 18 is possi-
tooth of the horizontal shaft ratchet, and | ble (such movement oceurring only when
witi: is lower part.a-tooth of the vertical | the armature of the magnet 1s retracted)

40 ratcliet: second, the attraction of the arma- | until magnet 18 becomes deénergized,r 105
ture effects a thrust of pawl 17¢ to engage the | which of course occurs when the switch'
wniost tooth of the horizontual ratchet, lift- | wipers engage idle contacts, When this

ane the shaft o step, in which position it is | does occury-arm 212 will be 1 » positionsre-
held by the upper part of detent d d; third, | tracted {from the armature of magnet 18,

45 2 172 Lty wortin 184 so that it frees the.pin | the armature returns to normal, and the 110
upim tie-end of the wrmature of release mag- | side switch pawl is advanced to cngage
net 1534, pawl 18 then movine a slicht, dis- | teoth 18, The restoration of the shaft and
tance o 17e delt so that arm 187 rests upon | side switch mechanism is accomplished by
the top of the said pin. This serves to un- | an impulse of current sent through magnet

50 lock the side switel {or its operation, as here- | 154,  The said ‘magnet, attracting its ar- 115
aftevdeseribed.  svecessivelinpulses througlh inature, brings-arm 1542 to the left so that -
privary mwacnet 17 after the fir<t, serve only | it engaces the pin upon double detent d d,
to rurse the «"all suceessive stens upward, | while the pin upon the armature is drawn

~double detent 7 o envaiine, with cnels titrust, ¢ to a position such that it engages the off-set
B85 successive teeth of the ratehet and Lolding | of arm 189 Wlien, now, magnet 18 is de- 120
~ the shaft in the raised position.  After the eriergized, its armature 1s retracted by its
Jast tmpulse throngh magnet 17,  sinole im- assoclated spring withdrawing, by arm 154°®,
. pulse is caused to flow throueh maenet I8, a5 | the -double detent from engagement with
-+ descerthed in connection with the circiits. | the shaflt ratchets, and by its pin moves arm
~ .60 The said magnet attractsits aiti ure, whose | 184 gnd side switch pawl 182 to their nor- 125
| “assoclated ratchet is drawn dovwawnrd to o | mal positions, as shown, whereby the side
. position such that the end of side switeh pawl | switch. arms are also restored.. Upon the
13% rests-against tooth 18°.  When the mag- | withdrawal of double detent d @, the shaft is
~net 1s thereafter deénicrgized, its armature is | free to be rotated by spring 432, against

L

retracted and the end of pawl 182 slips down

whose torsion it was turned, to a position 130
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85 of the electromagnet, independently of the |

807,582

such that wipers 44, 45 and 46 disengage

the bank contacts, when the shaft descends |

©

windings in circuit with the other line, afpa—‘
ratus at each substation under control o

by gravity, assisted by spring 43%, to its | subscriber, adapted to destroy the neutral-

normal position. 1t will be understood that
when the switch structure of Fig. 2 1s used
as a connector (the connector circuit being

shown at D of Fig. 1), the arm 21* is |

omitted. _ :
While, for convenience of illustration, we

have shown a [plurality of batteries in Ifig. 1,

it 1s to be understeod that they may be one

and the same hattery.

Our invention is not limited 1n 1ts applica-
tion to the precise structures shown, and we
desire not to be limited thereto, as applica-
tions of our invention other than those
shown will readily suggest themselves to
those skilled in the art.

We claim:— .

1. In a telephone exchange system pro-
vided with switching mechanisms at the sub-
stations and automatic switches responsive
thereto at the exchange for connecting and
disconnecting subscribers’ lines, the combi-

nation with a calling subscriber’s line and a
called subscriber’s line extending from sub-

stations to the exchange and connected for
conversation thereat, of an electromagnet
adapted to control disconnection of said
lines, provided with a core and four energiz-
ing windings therefor, two -of said windings
being in circuit with the calling subscriber’s
line and the other two in circuit with the
called subscriber’s line, a central source of
current in circurt with said windings, a dis-

osition of the windings m ecircuit with each
Ene such that during conversation they neu-
tralize one another with respect to the core
of thé electromagnet, independently of the
windings in circutt with the other line, and
apparatus at each substation under control
of the subscriber, adapted to destroy the
neutralizing effect of the windings in circuit
with his line, independently of the windings
in circuit with the other line, to effect actua-
tion of said electromagnet.

2. In a telephone exchange system pm- |

vided with switching mechanisms at the sub-
stations and automatic switches responsive

thereto at the cxchange for connecting and.

disconnecting subscribers’ lines, the combi-
nation with a calling subscriber’s line and a
called subscriber’s Iine extending from sub-
stations to the exchange and connected for
conversation thereat, of an electromagnet
provided with a core and four energizing
windings therefor, two of said windings be-
ing in circuit with the calling subscriber’s
line and the other two in circuit with the

called subscriber’'s line, a central source of

current in circuit with said windings, a dis-

ition of the windings in circuit with each
ﬁgfa such that during conversation they neu-
tralize one another with respect to the core

izing effect of the windings 1n circuit with his
line, independently of the windings in circuilt
with the other line, to effect magnetization of
sald core, and armature mechanism for said
electromagnet controlling disconnection of

1 said lines, adapted to be attracted by the

magnetization of said core. ,

3. In a telephone exchange system pro-
vided with switching mechanisms at the suh-
statlons and automatic switches responsive
thereto at the exchange for connecting and
disconnecting subscribers’ lines, the combai-
nation with a calling subscriber’s line and a
called subscriber’s line extending from sub-
stations to the exchange and connected for

| conversation thereat, of an electromagnet

provided with a core and four energizing
windings therefor, two of said windings heing
i circuit with the calling subscriber’s line
and the other two in circuit with the called
subscriber’s line, a central source of current
in circuit with said windings, a disposition of
the windings in circuit with each line such
that during conversation they neutralize one
another with respect to the core of the elec-
tromagnet, independently of the windings in
circuit with the other line, apparatus at each
substation under control of the subscriber,
adapted to destroy the neutralizing eflect of
the windings in circuit with his hine; inde-
pendently of the windings in circuit with the

| other line, to effect magnetization of said
| core, switching mechanism adapted to be ac-

tuated by the magnetization of said core and
apparatus, responsive to sald mechanism, for

disconnecting said lines. --
4. In a telephone exchange system pro-
vided with switching mechanisms at the sub-

| stations and automatic switches responstve
thereto at the exchange for connecting and

disconnecting subscribers’ lines, the combi-
nation with two telephone lines extending
from substations to the exchange, of a cen-
tral source of current, a repeating device as-
sociated with said lines at the exchange, 1n-
ductively uniting them for conversation, pro-
vided with four windings disposed about a

core of magnetic material, a disposition of

sald windings such that two are in closed cir-
cuit with each line, the windings of each line
neutralizing one another with respect to the
core during conversation, independently of
the windings of the other line, apparatus at
each substation under control of the sub-
scriber, adapted to destroy the neutrahzing

the
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effect of the windings in circuit with his line,

independently of the windings in circuit with

the other line, to effect magnetization of said

core, and apparatus responsive to the mag-
netization of said core, for disconnecting said

lines.
5. In a telephone exchange system pro-
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vided with switching mechanisms at the sub-

stations and automatic switches responsive-

thereto at the exchange for connecting and
disconnecting subscribers’ lines, the combi-
nation with two telephone lines extending
from substations to the exchange, of a cen-

tral source of current, & repeating device as- |

sociated with said lines at the exchange, in-
ductively uniting them for conversation, pro-
vided with four windings disposed about a
core of magnetic material, a disposition of
said windings such that two are in closed cir-
cuit with each line, the windings of each hne

neutralizing one another with respect to the .

core during conversation, independently of
the windings of the other line, apparatus at
each substation under control 01P the sub-
seriber, adapted to destroy the neutralizing
effect of the windings in circuit with his line,
independently of the windings in circuit with

" the other line, to effect magnetizaticn of said

- apparatus responsive to said mechanism, for

25
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core, switching mechanism adapted to be ac-
tuated by the magnetization of said core and

disconnecting said lines.

6. In a telephone exchange system pro-
vided with switching mechanisms at the
substations and automatic switches respon-
sive thereto at the exchange for connect-
ing and disconnecting subscribers’ lines, the
combination with two telephone lines ex-
tending from substations to the exchange
and connected thereat, of a repeating device
associated with said lines at the exchange,

inductively uniting them for conversation,
provided with windings disposed about a

core of magnetic material, a central source of |

current for operating and conversational | vided with switching mechanisms at the sub-

urposes, supplying current through said
Enes to the transmitters of the two substa-
tions, in quantities independent of the com-
parative resistances of the lines, the path of
said current including windings of said de-
vice, a disposition of said windings with re-
spect to the core, such that during conver-

sation their magnetic effects are balanced
and the core neutral, apparatus at each sub-

station under control- of the subscriber
adapted, independently of the other sub-
scriger, to unbalance the magnetic effects of
said windings to magnetize said core, arma-

ture mechanism associated with said device,

actuated by magnetization of said core, and
apparatus responsive to sald mechanism, for
disconnecting said lines.

7. In a telephone exchange system pro-
vided with switching mechanisms at the sub-

~ gtations and automatic switches respﬂnsive

60

thereto at the exchange for connecting and

. from substations to the exchange and con-

nected thereat, of a repeating device asso-
ciated with said lines at the exchange, -

"Im

- 907,682

provided with windings disposed about a
core of magnetic material, a central source

' of current for operating and conversational
JEUTPOSBS: supplying current through said

!

- e L O NN L

nes to the transmitters of the two substa-

tions, in quantities independent of the com-

parative resistances of the lines, the path of

said current including windings of said de-

vice, a disposition of said windings with re-
spect to the core, such that during conver-
sation their magnetic effects are balanced
and the core neutral, apparatus at each sub-
station under control of the subscriber
adapted, independently of the other sub-
seriber, to unbalance the magnetic effects of

| said windings to magnetize said core, and
- apparatus re?onswe to magnetization of

said core, for disconnecting said lines.

8. In a telephone exchange system pro-
vided with switching mechanisms at the sub-
stations and automatic switches responsive
thereto at the exchange for connecting and
disconnecting subscribers’ lines, the com-
bination with two telephone lines extend-

| ing from substations to the exchange and

connected thereat, of a central source of cur-
rent, a differential repeating electromagnet
in circuit therewith, inductively uniting said
lines for conversation, means for maintain-

' ing the core of said electromagnet neutral
_during conversation, apparatus at each sub-
| station, under contro
adapted to independently destroy neutralivy
of and magnetize said core, and apparatus

of the subscriber,

responsive to such magnetization, Tor dis-
connecting said lines.

9. In a telephone exchange system pro-

stations and automatic switches responsive
thereto at the exchange for connecting and
disconnecting subscribers’ lines, the combi-
nation with a calling subscriber’s line and a
called subscriber’s line extending from sub-
stations to the exchange, of an electromagnet
at the exchange in circuit with the line, and

adapted to be energized upon the response,
of the called subscriber, switching mechan-

| ism responsive to the energization of said
electromagnet, and a repeating coil relay

for connecting said lines for conversation
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switched into operative relation with the

calling line by said mechanism.
10. In a telephone exchange system pro-

vided with switching mechanisms at the sub-
' stations and automatic switches responsive

120

thereto at the exchange for connecting and

disconnecting subscribers’ lines, the combi-

nation with two telephone lines extending

 from substations to the exchange and con-
disconnecting subscribers’ lines, the combi- |

nation with two telephone lines extending

nected for conversation thereat, of an elec-
tromagnet associated with said lines at the
exchange, provided with four windings dis-
posed about a core of magnetic matenal, two
of said windings being in circuit with each

65 ductively uniting them for conversation, ;line, a central source of current supplying
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talking curren: to the transmitters of the
substations, in quantities independent of the
cotipurative resistaiees of the lines, the path

for each subsiution includine the two wind-

ings in cireuit with its line, a disposition of
sald windings with respect to the core, such

that during conversation those in eircuit with |

each line balance one another to maintain the
core neutral, apparatus at each substation
under control of the subscriber, adapted to
destroy the neutralizing effect of the wind-
Ings 1 cireuit with his line, independently of
the windings in ecircuit with the other line,
to effect magnetization of the core, and ap-
paratus responsive to such magnetization,
adapted to disconnect said lines.

L1. in a telephone exchange system pro-
vided with switching mechaniams at the sub-
stations and automatic switches responsive
thereto at the exchange for connecting and
disconnecting subseribers’ lines, the combi-
nation witis two telephone lines extending
from substations to the exchange and con-
nected lor conversation thereat, of an elec-

Lromagnet assoclated with said lines at the
exchange, provided with four windines dis-

posed about a core of magnetic materiai, two
of sald windings being in circuit with each
line, w central source of current supplying

talking current to the transmitiers of the

substations, in quantities indenendent of the
comparative resistances of the lines, the path
for each substation ineludine the two wind-
Ings in cireuit with its line, a dsposition of

that during conversation those in ¢itfeuit with
each lime balance one another to maintain the
core neutral, apparatus at each substation

destroy the neutralizing effect of the wind-
mgs in circuit with Lis line. mdependently of
the windings in circuit with the other line,
to eilect magnetization of the core, switching

mechanism adapted to be actuated by the

inagnetization of said core, and apparatus
responsive to said mechanism for disconnect-

g said lines. |
12. In a telephone exchange system, the

combination with two telephone lines extend-

ing from substations to the exchange, of an
electromagnet provided with a core and four
windings therefor, two of said windings heimg
In circuit with the line of each subseriber, a
central sonrce of current in cireuit with said
windings, a disposition of the windinegs in
when equal
current is flowing in them, tfAe - neutralize
one another with respeet to the core, inde-
pendently of the other windings, and APPiL-
ratus at each substation under control of tle
subseriber, adapted to effect a preponderance
of current in one of ‘the windings in cireuit
imdepend-
ie;ntly of the windings in cireuit with the other
11e.
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13. A telephone eircuit ~rith resistances-

1

therein; a repeating coil having equal wi
opposite windings of equal resistances: 3
battery bridged between said windings an:’
connected to ground; a controlling cireuis,
controlled by the called party: a cireunit con-
trolling meclianisia in the controllime circuit
whereby the resistances zre cut out of the
telephone circuit and the repeating coil is

- substituted therefor: an armature adjacent

to the coil; a restoring magnet cireuit con-
taming said armature, and a restoring mag-
net; arestorig magnet armature operatively
connected with the cireuit c,ontrfzull{ing mefi-

anism to restore the apparatus eniploved
| to norma] position;

and electromagnetic
means whereby an unbalancing of the re-
peating coil causes the repeating coil arma-

ture to complete the restoring magnet cir-

cuit, therelsy causing the restoring magnet
armature to restore thie circuit controlling
mechanisin and hence to cut out the repeat-
ing coil by restoring all the apparatus eni-
ployed to normal position. -

14, An automatic telephone exchange SY8-
temn including a pair of connected tele phone
lines, a plurality of sclective switches pseo-
ciated therewith throusl which the convor-
sational circuit extends, a diiferential repeat -

ing relay having windings in circuit with said

Iines, release ragnets one ¥6F each of sniel-

switches, and means at a substation for con-

 trolling said relay to operate saul release
. ' magnets at the will of the subserilier.
sa1d windings with respect to the core, such |

15. An automatic telephone exchan (P SV N
tem mncluding a calling line, a ealied lne, o
connector adapted for eperation by currents

- over the calling line to conmect directly with
under control of the subscriber, adapted {o |

the called line, a normallv open link-cirewit
for sail connector, a difforentinl Pepeat e
relay having windings for induet vely uniting
sald lines for conversation, o relay operntive
after connection made with the enlled line Lo

Tender said normally open cireuit conduet-

vely continuous wherehy said differential
relay is rendered effective o unite said lines,

and means at the substation of a line for

of current in a winding of said (ifferential
relay to restore xaid connector to normal.
16. In an automatic telephone exchange
systemy, a calling subscriber’s line, switching
mechanism at the substation, a called sub-
seriber’s line, selective switches at Lhe ex-
change of a plurality of classes arranged for
successive operation responsive to said mech-
anisin in completing a° connection between
saukd lmes, a ditterential repeating relay at the
CXO

temporarily effectineg o preponderating {low

there through to <aid lines for conversational
PUT RS 1Tt it ant1ttes independent of the
relative reststances of the hnes, and means at
the substation of a line for

by O

CAAININE & prepon-=

/1)

£

85

100

105

110

115

inge witne windings adapted for connee-
tlon to saxd lines, a central souvee of current
conuected to sald windings to supply current
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derating flow of current in & winding of said
relay. . L
17. A telephone circuit with resistances
therein; a repeating coil; & controlling cir-
& cuit controlled by called party; a circuit con-
rolling mechanism in the controlling circuit
whereby the resistances are cut out of the
elephone cireuit; and the repeating coil 18 |
cubstituted therefor, and a talking circuit .

o results,
i5. A telephone circuit with resistances |
‘horein, a repeating coil, a controlling cireuit |
“untrolled by the called party, a circuit con- -

crolling mechanism in the controlling circuit | -

whereby the resistances are cut out of the

' telephone circuit and the repeating coil is sub-

stituted therefor and a talking eircuit results,
a restoring relay circuit, an armature in said

circuit, and electromagnetic means whereby

the apparatus employed may be restored to
normal position.

Tn witness whereof, we hereunto subscribe
our names this 19th day of June, A.D., 1905,
" ' ALFRED H. DYSON.
| FRANCIS W. DUNBAR.

Witnesses: -

A. B. McDox»ouGH,
Cras. JUSSsY.
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