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To all whom it may concern.:

Be 1t known that I, Fraxcis W. Duxparz,
2 citizen of the United States of Ameuca
and vesident of Chicago, in the county of
Cook and State of 111111015 have invented a
new and useful Improvement in Telephone
Systems, of which the following is a specifi-
cation.

My invention relates to improvements in
lolophoue systems, particularly of the two-
wire type.

It consists in providing each telephone
line with a single relay, which is preferably
polarized and which is suitably actuated by
calling current in the line when the sub-
SCY: iber is calling the central office, but which
13 rendered 1noperative when the connection
15 established with the line to vetire or pre-
vent the operation of the calling signal.

Other features of the invention include
mmprovements 1 the cord circuit to aclapt
1t particularly for use with the line circuits.

My v ention is illustrated in the accon-
panying drawings in which

Ifiegure 1 15 a dmnlmn of one form or av-
rangement of the sy btem, and Ifes. 2, 3 and
4 are modifications thercof.

Referring p’llthHl‘lllV to Ifig. 1, L. and
L2 indicate subscribers’ lines e\tendlno m
two limbs 2 and 3 from their respective sub-
stations to the central office. At the sub-
station ..L\.‘ a call bell 4 and condemel D are
mcluded 1n a bridee 0[ the line conductors
normally closed by the switch-hook 6: and
a recerver 7. transmitter S and retardation
coill 9 are adapted to be suitably connected
in the circuit when the receiver is removed
therefrom. This apparatus is mtended to
typity any usual or desived common battery
substation outfit. At the central office each
of the lines 1s provided with an answering
jack J and with a suitable number of mul-
tiple jacks such as J* and J°, all preferably
permanently connected with the telephone
lines, and with a line relay R which 1s polar-
1zed as by permanent magnet 10. This relay
1s provided with Wllldlnﬂ“: 11 connected be-
tween the tip conductor 2 of the line and
conductor 12 leading to the positive pole of
a battery B which 1s grounded at the center
as shown by the br: anch 13. The said relay
is also provided with windings 14 legged to
oround from the sleeve side of the line.
The windings 11 are so wound that current
flowing through them serves to assist the

and 12* from the battery B2

permanent magnet 10 in polarizing the vi-
brating armature 15 of the relay, while the
windings 14 are wound so as to produce a
north pole upon the free end of one coic
and a south pole at the free end of the other.
These latter windings are therefore the ac-
tive windings of the relay, while the other
windings are merely balancing windings for
the line and might be 1"@1)1‘106(21 by any suit-
able windings for that purpose. The arma-
tare 13 ﬂlounded by branch conductor 16 and
serves when mu{ablv actuated to close the
normally open circuit of the line signal S;
1t 1s preferably so adjusted as to restore it-
selt so that when uninfluenced by the mag-
nets of the coils, it returns to normal po-
<ition. -

IKach of the lines 1s provided with similar
apparatus but some of them are connected
by a common cenductor 12* with a second
battery B? similar to the battery B. The
cper ator’s outfit comprises a number ot cord
cireuits of the type shown in the drawing,
cach having an answering plug P and A
calling pluﬂ I’? provided with t1p and sleeve
contact surfaces acdapted to register with the
corresponding contacts of the spring jacks
or the Imes when 1nserted therein. The tip
contacts of the two plues ave united by the
[lexible strands ¢ and £ and the conden%er ¢,
while the sleeve contacts are connected with
{flexible strands s and ¢* and condenser ¢2.

The battery I3 1s bridged across the answer-
ing end of the covd cir cuit and includes upon
cither side, the supervisory relavs 7 and ¢
controlling, the former through its normally
closed contacts and the latter thr ough 1ts nor-
mally open contacts, the local civenit of the
supervisory signal S associated with the ans-
wering plug IP. The battery B2 is likewise
br 1(10(,(;1 across the calling end of the cord cir-
cuit and includes upon either side of thesuper-
visory relays 2® and #* controlling in a similay
manner the local civeuit of the supervlqorv
signal S assoclated with the calling plug P=.
The supervisory relay 2 is pr ovided with an
additional contact 17, adapted in its forward
position to complete the talking strand #3
for conversation, and in its normal position
to counect with a grounded high resistance
ancd hieh 1mpudance test mLW 75, which
serves when energized to oomplete a path
for current thr ouﬂh the primary of the oper-
ator’s indnction coil and the conductors 18
The operator’s
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outfit, comprising the usual receiver 19, the
secondary of her induction coil and the con-
denser ¢°, 1s adapted to be bridged across the
cord circuit by any suitable listening key 20.
A ringing generator is adapted to be con-
nected between ground and the tip side of
the line by means of ringing key springs 21
while at the same time the sleeve of the cord
circuit i1s connected with the battery lead 23
containing the resistance coil 24. The said

generator may be connected with the sleeve

side of the line by ringing key springs 25,
the tip side of the line being at the same
time grounded. Upon the line L* two sta-
tions are shown with the signaling bells 4

“grounded from the opposite sides of the iine.

Otherwise the arrangement 1s the same as
that shown at station A.

In the operation of the system the sub-
scriber A removes his receiver and closes
circuit for a portion of the battery B from
the positive pole thereot over conductor 12,
through windings 11 of the line relay R, line
conductor 2, through substation instruments
back to the central office over line conductor
3 and thence through windings 14 of relay
R to ground and back to the center of the
battery. The current through the coils 14
1s now of the proper direction to tip the
armature 15 of relay R from its normal posi-
tion and to close the local circuit of the line
signal S which 1s lighted to indicate the fact
of the call. In respomnse to the call the opera-
tor inserts the answering plug P of her cord
circuit in the jack of the line which permits
current from the battery 1B to circulate in
the metallic line. Current from the positive
pole of said battery now flows through the
supervisory relay - and the windings 11 of
the line relay R in parallel and thence over
the line conductor 2 to the substation, re-
turning over line conductor 3. Current also
flows from the grounded pole of said battery
through the ground and thence through the
windings 14 of said line relay R to the line
conductor 8 where 1t joins the returning cur-
rent over the telephone line, and flows over
the sleeve strand s and through the sleeve
relay 72 to the negative pole of said battery.
This current 1s therefore in the opposite di-
rection through windings 14 of relay R than
when the subscriber was calling the central
office so that the tongue of said relay is re-
stored to normal position and the signal &
is extinguished. At the same time sleave
supervisory relay #° 1s actuated to close the
local circuit of supervisory signal S but
owing to the fact that tip supervisory relay
r is also now actuated the local ecircuit of
said signal is opened and the signal remains
1nert.

Connecting her instrument with the line
the operator receives the order and proceeds
to test the condition of the wanted line.

Normally the test rings of the jacks of the | the subscriber has not yet responded.

904,850

lines are grounded through the windings 14
of relays R and since the tip strand of the
cord circuit 1s grounded through the test
relay #° no flow of current results when the
tip of the plug is touched to one of the test
rings, and no click 1s received by the opera-
tor. In case of a connection, however, the
said test rings are connected through the
sleeve strand of the cord circuit with the
negative pole of either the battery B or 132,

- whereby when the grounded tip of a testing

plug is touched to one of the test rings, a
flow of current results through the test relay
and the same 1s actuated to inductively cause
a click in the op#rator’s receiver. It will be
understood that the said test relay is of sufii-

' cient resistance and i1mpedance to prevent a

large or sudden varlation of current upon
the tested lines so that the subscribers are not
annoyed. Any other test receptive device
may, of course, be substituted for the appa-
ratus shown.

Upon finding the line idle the calling plug
P2 1s 1nserted and the ringing generator ac-
tnated.

Closing the springs 21 of the ring-
ing key serves to connect the generator with
the tip side of the line and rings the bell at
station D. At the same time current from
the lower portion of the battery B? fiows
from ground over conductor 23, sleeve
strand s2, sleeve conductor of the line jacks

- and through the coils 14 of the line relay R

of the called line, and 1s in the proper diree-
tion to prevent its operation. Operating
springs 25 of the ringing key would serve to
connect the ringing generator with the sleeve
side of the line which would operate the call
boll at station C: this ringing current 1s
negative pulsating in character, and the por-
tion flowing through the windings 14 of re-
lay R serves to maintain the same mopera-
tive.

It will be noted that during ringing, cur-
rent flows over the conductor 12*, through
windines 11 of relay R and thence over the
tip strand of the cord circuit and either
through the generator when springs 21 are
operated or directly to ground when springs
25 are operated. In either case, however,
his current assists the permanent magnet so
that the said relay i1s not operated thereby,
while the retardation of coils 11 prevents
the passage of the ringing current there-
through. |

After calling the subscriber and before his
response relay 7 1s actuated by current from
the negative pole of battery B? through said
relay and over the sleeve strand s of the
cord circult and thence through windings 14
of relay R to ground. This current i1s of
suitable direction to prevent the actuation
of relay R while serving to energize relay
7 to close the local circuit of signal &2
which 1s now lighted owing to the fact that
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Spring 17 of relay »* serves now to discon- | with the sleeve sides of the line cireuits.

neet the test relay »° and to complete the tip
strand ot the cord cireuit for talking.

Upon the response of the called subseriber

current flows over the line 1.2 in the samse
manner as described for the line I, so that
the relay »* 13 actuated to open the local cir-
cuit of signal S* and extingouish the same.
During conversation it is neecessary that
the direction of the current in the sleeve
winding of the polarized relay should be
trom ground to the sleeve side of the cir-
cutt; 1 other words, should be the reverse
of the dirvection of the current when a call
s made by a subscriber. If a line and in-
strument were of zero vesistance, and 1if the
resistance of the sleeve relay in the cord eir-
cutt. were 90-9/16 ohms, the windings 11
and 14 of the relay R of 1000 ohuns each,
aand the battery 40 volis, then no current
would How through the sleeve winding of
the polarized relayv because under these con-
clitions the sleeve side of the line cirveuit and
the ground at the cenler of the battery would
be at the same potential.  As, however, the
sleeve wvelay has a vesistance higher than
20--0,710 ohins, current will flow from eround
through the sleeve winding to the negative
sucle of the battery in the cord cirvcuit. This
18 true even if the line and instrument have
zero resistance, and the oreater the vesist-

ance ol the lme and instrument the greater |

will be the current flowing over this path.
1h1s system 15 of course applicable to one
battery 1 the cord cireuit and in practice is
perhaps better adapted for such nse due to
the fact that variations between the voltages

s}

ot the two sets of batteries may decrease the
margm of operation ot the system.

At the termination of the conversation the
subseribers return their veceivers to the
hooks and open the line circuits so that the
came conditions prevail as was described
for line I after the subscriber was called
and before his response. As then pointed
out, these rvelays ave prevented from opera-
tion so that the line lamps S do not light
and simce the supervisory relays » and %
rre deprived of operating current the local

cireults of signals 8 and S8 are closed and |

(besotd lamps ave lighted.  Upon observing
this the operator withdraws the plug and
takes down the connection, thus restoring all
parvts ‘o normal eondition. |

In {as. 2.3 and 4 the polarized line re-

lay hoas but one winding, the balancing wind- |

o being veplaced by a sprine contact

lceged from either the tip or sleeve side of |

the circuit, The polarized relay has thus
three comtacts instead of one pair.

ororeded at the tip end of the battery.
while “beie ernters are connected by the con-
ductors 12 and 12* with the actuating wind-

sl

ings of line relays R which are connected

f

The test relay is therefore connected to corn-
ductor 18 leading to the center of the bat-
tery mstead of to ground as in the former
istance. The method of testing, however, is
obvious. The tip side of the line is normally
arounded through counductor 30, spring 31 of
Ime relay R, the tongue of said relay and
ground conductor 16.  Normally when a
subseriber calls, current flows from the bai-
tery B over conductor 12, through the wind-
ings of relay R and out over the line of the
siibstation and thence back to the central of-
iice and through conductor 30, spring 31
ancd branch 16 to ground. This cur-
rent 1s of a suitable direction to actuate
the relay R which causes spring 81 to close
the local civeuit of the line signal S to light
the same. Upon the insertion of the plug
immto the jaclk of the line, the winding of said
relay R 1s 1nclosed in a local cireuit with
the lower portion of battery B and is there-
fore actuated in the reverse direction so as
to not only permit spring 31 to return to
normal position to open the cireuit of lamp
> but to also lift said tongue out of contact
with said spring 31, whereby the ground
connection from the tip side of the line is
opened. This condition 1s not altered
throughout the conmnection, so that the line
signal remams inoperative. Otherwise the
operation 1s similar to that described with
reference to I'ig. 1 and will be readily un-
derstood.

I1g. 3 shows the line relay permanently
connected with the tip side of the line,
while the sleeve side of the line is normally
grounded through the tongue of the line
velay. The sleeve ends of the batteries I3
and B3° are grounded instead of the tip side
as 1 g, 2. This necessitates ringing with
negative pulsating current over the tip side
of the telephone line and with alternating
current over the slecve side of the line.
When alternating current is sent over the
siceve slde of the line, negative battery is
thrown upon the tip side of the line so0 as to

Cthrow the armature of the polarized relay

away from the spring contact. The opera-
tion 1s thought to be obvious.

In Ifig. 4 the tip side of the circuit is
normally connected throngh the spring con-
tact of the polarized line relay with the
negative side of the batterv B:  When a
call 18 made negative current flows over the
tip side of the circuit through the sub-
scribers’ nstruments and back throueh the
sieeve windings of the polarized relay to
oround. This establishes a north pole on

Fone core of the relay and a south pole on
In Ifg. 2 the batteries B and B? are |

the other core so that the armature will be
suttably attracted to close the line lamp to
cround, thus lighting it. When the call is
answered positive current will be sent
through the sleeve relay in the cord circuit
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and through the winding of the polarized
relay to ground. This will attract the arma-
ture of the polarized relay in the opposite
direction, first opening the line circuit and
then the tap from the tip side of the line to
the armature of the relay. The spring con-

tact is prevented from following the arma-
ture by the dead stop 32 as shown in this

figure as well as in Ifigs. 2 and 3. In the
case of Fig. 4, if the line and mstrument
were of zero resistance, no current would
flow through the line relay, but as the line
and instrument always have some resistance
positive current will flow through the wind-
g of the
cases. It is obvious that in plugging into a
called for line the polarized relay will be op-
erated in a direction to cut-off the tap irom
the tip side of the cord circuit. In this -
stance again the batteries are grounded at
the center.

Tt will be understood that the several

orounds mentioned may be and in practice
usually are one and the same or they may

be the common office return and that the
ringing and listening keys mentioned may
be any of the usual types.

Having thus described my invention, what
T claim and desire to secure by Letters Pat-
ent 1s:
1. In a telephone system, the combination

with a telephone line, of a polarized line s1g-

naling device connected therewith at the cen-
tral office, a source of current connected with
the line at the central office and adapted to
send current through said device in the
proper direction to operate the same when
the subscriber is calling, a cord circuit at the
central office to establish connections with the
line for conversation, a pair of electro-mag-
nets one associated with each limb of the cord
circuit, a supervisory signal controlled by
said magnets, one of said magnets being 1n-
cluded 1n a local circuit with the actuating
windings of said device when a connection 1s
established with the line, the current in said
local eircuit being in the proper direction to
render said device inoperative and sufiicient
to energize the magnet to cause said super-
visory signal to operate and the other magnet
being placed under the control of the sub-
scriber and serving when energized to render
the supervisory signal inoperative, substan-
tially as describedl.

2. In a telephone system, the combination
with a telephone line, of a polarized line sig-
naling device connected therewith at the cen-
tral office, a central source of current in said
line adapted to send current through the said
device in the proper direction to operate the
same when the subscriber is calling, a cord
circuit at the central office to establish con-
nection with the line for conversation, a pair
of electro-magnets associated with said cord
circuit, a supervisory signal controlled there-

polarized relay to ground i all,

004,850

| by one of said magnets being connected in a

Jocal circuit with said device and including a
portion of one of the talking strands of the
cord circuit when a connection is established
with the line, the current in said local circuit
being the proper direction to render said de-
vice inoperative and of sufficient strength to
cause said supervisory signal to operate, and
the other electromagnet being in the path of
current over a portion of the other talking
strand of the cord circuit and the metallic
telephone line and therefore under the con-
trol of the subscriber, said electromagnet
serving when energized to render said super-
visory signal inoperative, substantially as de-

70

790

80

scribed. -

‘3. In a telephone system, the combination
with a telephone line, of a polarized line sig-
naling device connected therewith at the cen-
tral office, a source of current connected with
the line at the central office and adapted to
send current through said device In the
proper direction to operate the same when
the subscriber is calling the central office, a
cord circuit to establish connections with the
line for conversation, a pair of relays associ-
ated with the cord circuit, a supervisory sig-
nal controlled by said relays, one of said re-
lays being included in a local circuit with
said device completed over a strand of the
cord circuit when a connection is established
with the line, the current in said local circuit
being in the proper direction to render said
device inoperative and of sufficient strength to
operate said relay to cause said supervisory 100
sional to operate, and the other being 1n the
path of current completed over another
strand of the cord circuit and over the me-
tallic line whereby it is under the control of
the subscriber, said latter relay serving when 105
actuated to render said supervisory signal 1n-
operative, substantially as desecribed. _

4. Tn a telephone system, the combination
with a telephone line, of a polarized line sig-
naling device connected in the metallic cir- 110
cuit thereof at the central office, a source ot
current connected with the line at the central
office and adapted to send current over the
metallic line and through said device in the
proper direction to operate the same when 115
the subscriber is calling, a cord circuit to es-
tablish connection with the line for conversa-
tion, a pair of signal controlling electro-mag-
nets associated with the cord circuit, a super-
visory signal controlled thereby, one of said 120
magnets being included in a local eircuit with
the said device completed over a strand of
the cord circuit when a connection 1s estab-
lished with the line, the current in said local
circuit being in the proper direction to render 125
said device inoperative and of sufficient
strength to operate said magnet to cause said
supervisory signal to operate, and the other
magnet being mcluded in the path of current
over another strand of the cord circuit and 130
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the metallic line and placed under the control | pleted through the contacts of the subscrib-

of the subscriber, said latter magnet serving
when energized to render said swml inope-
ative, subetentmlly s deecrlbed

5. In a telephone system, the combination
with a telephone line, of a signaling device
theretor at the central office hm*mn a coil

m each limb of the telephone line and nor-
mally under the control of the subscriber, a
cord circuit to establish connections with the
Iine for conversational purposes, 1 source of
current associated with the cord circuit, and
supervisory apparatus connected with the
cord circuit, said signaling device being ac-
tuated by cuuent in one direction when the
subscriber 1s calling, and being rendered in-
ert by current in the opposite direction when
a connection 1s established with the line for
conversation, substantially as described.
6. In a telephone system, the combination
with a telephone line, of a polarued line sig-
naling device at the central oflice, a cord cir-
cult to connect with said line, a pair of
supervisory relays and a source of current in

a bridge of the cord circuit, one of said re- |

lays being adapted to be actuated over a
local ciremit including the polarized line sig-
naling device when “the cord is connected
with a line, the other of said relays being
under the control of the subscriber, and a
supervisory signal controlled by the (3011] joint
action of said relays, substantially as de-
seribed.

7. In a telephone system, the combination
with a telephone line, of a polarized line sie-
naline device therefor at the central office
actuated to display 1ts signal when a calling
line 15 closed at the eubetfumn a cord circuit
to connect with the line, a pair of super-
visory relays in a bridee of said cord cir cuit,
one of said relays being placed in a local cir-

- cuit mceludine a coil of said line signaling

45

device when the cord is connected wfch the

Ime, whereby said line signaline device is

dlffel"ently actuated to efface its ewrml the
other of said relays being placed in a circuit

under the control of the subscmber and com- |

e1’s 1115L111me11t and a supervisory signal
controlled by the conjoint action of said re-
lays, substantially as described.

S. In a telephone system, the combination
with a telephone line, of a cord cireuit to
connect therewith for conversation, a pair of
supervisory relays, and a source of current
i a bridge of said cord circuit, a conductor
connected with an intermediate point of said
source, a line signaling device for the line,
sald line signaling device and one of said
supervisory relays being actuated over a cir-
cuit 1ncluding said conductor when the cord
1s connected with a line open at the substa-
tion without displaying the line signal, a
supervisory signal displayed by the actua-
tion of said latter relay, the othel of said
supervisory relays bemg actuated over the
telephone line when the line 1s closed at the
substation, said latter relay being adapted to
efface said supervisory signal, S‘leSt‘Llltlftll}T
as cescribed.

9. In a telephone system, the combination
with a telephone line, of a pohmzed line s1go-
nal therefor having 2 coil in each strand of
the telephone line, a central source of cur-
rent, a portion of said source being adapted
to furnish current to the telephone line
through the coils of said line signaling device,
eument trom said portion of the source be-
g adapted to energize sald polarized line
31011111110 device in the proper manner to
d1spley the sional when the line is closed at
the substation, a cord circuit, means to re-
verse the current through a portlon of said

- polarized line signaling ‘device when the cord

is connected with the lme whereby the de-
vice 18 differently actuated to efface the line
signal, substantially as described.

Signed by me at Chicago, county of Cook,
State of Illinois, this second day of May

1904.
FRANCIS W. DUNBAR.
Witnesses::
(GAZzELLE BEDER,

1. D. _KELLOGG.
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