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To all whom it may concerw:

Be it known that I, Winriam W. DEAN, a
citizen of the United States of America, and
a resident of Chicago, county of Cook, and
State of Illinois, have invented a new and
uscful Improvement in Telephone Systems,
of which the following is a specification.

My invention relates to improvements in
telephone systems, and more particularly to
the type known as “two-wire” telephone
systems. :

Among the objects of the invention are to
produce a system of the type described in
which no cut-off-relay contacts are present in
the talking-circuit ol the line, in which the
cut-ofl relays for the telephone-lines are not
in the path of current when the subscriber is
calling the central office, and which may be
extremely simple in construction, and in
which the lines are practically “clickless,”
since the normal connections of the battery
with the lines are not required to be severed
in the operation of establishing connections
for conversations.

Turther objects are to provide a system in
which the ringing - current may be readily
sent out over either side of the lines and the
cut-off relays maintained actuated without
the use of complicated or unusual apparatus,
and also to provide a relay in the line-circult
that does not impede the currents flowing in
the metallic line, and still other objects are to
provide a system that is extremely simple
and inexpensive to install and to maintain in
working condition.

To the accomplishment of these and such
other objects as may hereinafter appear, 1
arrange a cut-off relay that is provided with
two differential windings, so that said wind-
ings are included in the opposite line con-
ductors of the telephone-line and locate said

“cut-off relay between the connection of the

line-relay and the connection - terminals of
The line-relay is prefer-
ably permanently connected between the
battery and the telephone-line conductors
and provided with two balancing-windings
placed one upon each side of the battery.

With this arrangement no relay-contacts are
present in the talking-circuit, the cut-off re-
lay is not in the path of current in the tele-
phone-line when the subscriber is calling the
central office, and said cut-off relay, although
ineluded in the talking-circuit, does not pre-
sent impedance to the rapidly-varying
voice-currents or to the ringing-currents.

My invention is illustrated in the accom-
panying drawing, in which the figure repre-
sents a diagram of a telephone system em-
bodying the said improvements.

In the figure, I and L? indicate subscrib-
ers’ lines extending in two limbs 2 and 3
from their respective substations to the cen-
tral office. In case of a single party upon
the line, as in the case of line L, there is pro-
vided an ordinary-polarized signaling-bell 4
and a condenser 5 in a bridge of the line con-
ductors, and a transmitter 6 and receiver 7
in a second bridge which is normally open at

“the switch-hook 8, but is adapted to be closed

thereby when the receiver is lifted from the
hook. ~ In the case of a party-line, such as
line I?, the substations may have the bells
legged to ground, as shown from the oppo-
site sides of the line.

At the central office each line is provided
with an answering-jack J and a plurality of
multiple jacks J* and J* in any desired num-
ber and also with a line-signal S. A line-re-
lay R is provided for each lineand has awind-
ing 9 included in the preferably permanent
conductor 22, extending from the line con-
ductor 2 to the common battery-lead 10, con-
nected with the live pole of the central com-
mon battery B, and with a winding 11 in per-
manent conductor 3* extending from the line
conductor 3 to the common ground-wire 12,
connected with the opposite and grounded
pole of said battery. A cut-off relay R* is
also provided for each line preferably between
the line-relay and the connection-terminals
or spring-jacks, said relay having differential
windings 13 and 14 included in the line con-
ductors 2 and 3, respectively, and said wind-
ings being superimposed or otherwise closely
associated, so as to be neutral to the rapidly-
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varying voice-currents or other currents flow-
ing in the metallic line. The line-signal is
connected upon one side with the conductor
10 and upon the other by a conductor 15,
leading to the front contact of the line-relay
R. The movable contact of this relay 1s
joined by a conductor with the normal con-
tact of the spring of the cut-off relay R?
which is grounded. Thus the local circuit of
the line-signal S is controlled at one point
through normally open contacts of the line-
relayand at another through normally closed
contacts of the cut-off relay R

The operator’s outfit comprises a plurality
of cord-circuits, one only being shown in the
drawing and which is provided with an an-
swering-plug P and a calling-plug P*, each
having tip and sleeve contacts adapted to
register with the corresponding contact-sur-
faces of the spring-jacks of the line, the tip-
contacts of said plugs being joined by the
flexible strands ¢ and # and the interposed
condenser ¢, while their sleeve-contacts are
similarly united by the strands s and s* and
the condenser ¢®. The supervisory relays »
and 7* are bridged across the answering end
of the cord-circuit and control the former
through its normally closed contacts and the
latter through its normally open contacts the
local circuit of the supervisory signal $?, pref-
erably in the form of a small incandescent
lamp, that is associated with the answering-
plug P. A similar pair of supervisory relays
r® and r* are bridged across the calling end of
the cord-circuit and likewise control the local
circuit of the supervisory signal 3%, associated
with the calling-plug P*. “An intermediate
point of each of these bridges is connected
with the live pole of said battery B by con-
ductors 27 and 28. Anextracontact 161s pro-
vided for thesupervisoryrelay !, whichserves
when the relay is energized to complete the
strand #for conversation; butwhen the relay
is deénergized to connect the forward portion
of said strand with the conductor 17, lead-
ing to an extra contact 18, provided upon
the Iistening-key, said contact when the lis-
tening-key is operated being adapted to con-
nect- said conductor 17 with the high-resist-

-ance and high-impedance test-relay °, that

is preferably common to all of the cord-cir-
cults of the operator’s position. The listen-
ing -key, which is diagrammatically repre-
sented by the springs 19, is adapted when op-
erated to connect the operator’s head tele-
phone 20, the.secondary of her induction-
coil 21, and a suitable condenser ¢* in a
bridge of the calling end of the cord-circuit 7.
The operator’s transmitter 22 and the pri-
mary of her induction-coil are energized from
any suitable source which may be the bat-
teryB. The ringing-generator 23 is adapted
to be connected by the tip-ringing key-spring
24 to the tip side of the line, while at the
same time the sleeve-ringing key-spring 24 is
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adapted to complete connection with said
conductor 10 by means of the intermediate
conductor 25, containing a suitable resist-
ance26. Anadditional setof ringing-springs
29 is provided for ringing out on the other
side of the line, the generator being con-
nected during ringing with the sleeve side,
while the tip-ringing spring -is simultane-
ously grounded.

The resistance of the windings 9 and 11 of
the line-relays may be three hundred ohms,
while the resistances of the supervisory re-
lays may be five hundred ohms each.

In the operation of the system the sub-
scriber on line L, desiring a connection, takes
up his receiver, thereby completing the me-
tallic line at his substation and permitting
current from the battery B to flow over con-
ductors 10 and 2% through the winding 9 of
the line-relay, line conductor 2, through the
substation devices, and thence back to the
central office over line conductor 3, through
winding 11 of said line-relay R,.and thence
over conductors 3* and 12 to the opposite
pole of the battery. The current mn this
path, which is exclusive of the cut-off relay,
energizes the line-relay which closes the local
circuit of the line-signal S, thus lighting the
same to attract the attention of the operator.
Upon observing the signal the operator in-
serts the answering-plug P in the answering-
jack J of the telephone-Iine, and connects her
telephone with the cord-circuit by means of
the listening-key. The insertion of the plug
P completes a path for current from bat-
tery B over conductors 28 and 27, through
the sleeve supervisory relay 7% over the
sleeve-strand s of the cord-circuit and that
portion of the sleeve side 3 of the telephone-
line which includes the winding 14 of the cut-
off relay R*, and thence through the winding
11 of the line-relay R to the reverse side of
the battery. The current in the coil 14 of
relay R? is such that said relay'is energized
and serves to open the local circuit of the
line-signal S to retire the same. The actu-
ation also of the supervisory relay #* at this
time closes the local circuit of the super-
visory signal S% but owing to the fact that
the subscriber has his telephone off the hook
the codperating supervisory relay r is now
also energized by current flowing over the
strand ¢ and through the winding 13 of the
cut-off relay and serves to open the circuit
of the said signal S* to prevent its operation.
Upon learning the number of the party
wanted that line is tested in the usual man-
ner by touching the tip of the calling-plug to
the test-ring of the multiple jack of the
wanted line that is upon the operator’s sec-
tion of the switchboard. It will be observed
that the test-rings of the lines are normally
connected with ground through winding 11
of the line-relay, and since the tip of the
plug is now likewise grounded through the
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test-relay 7° owing to the actuation of the
listening-key 19 and the non-actuation of
supervisory relay r* the application of the tip
of the testing-plug to said test-ring when the
line is idle results in no current-flow and the
operator knows that the line is unemployed.
Tt the line is connected for conversation, how-
ever, the potential of said test-rings is al-
tered, since the sleeve-contact of the inserted
plug is connected with the live pole of the
battery B, and hence the touching of the tip
of the testing-plug to one of said test-rings
results in a current-flow through the test-re-
lay, which is actuated to close the local cir-
cuit including the tertiary winding of the op-
erator’s induction-coil, thus causing a click
in the operator’s receiver to inform the op-
erator that the line is busy. Assuming that
the line is found idle and that the first party
is wanted, the calling-plug is inserted in the
multiple jack and the ringing-key 24 is oper-
ated. The insertion of this plug actuates
the cut-off relay of line L#, as before explained
with reference to line L, by connecting its
winding 14 in a local circuit with the battery
B, thus preventing the operation of the line-
signal 8. The fact that the line-relay may
also operate at this time is of no importance,
since the line-signal circuit is open at the cut-
ofl relay.

In the operation of the ringing-key the cut-
off relay R*is maintained actuated by current
from the battery B over conductors 10 and
25, the remainder of the path being the same
as under normal conditions. The ringing-
current is sent out over the tip side of the
line and through the signaling device at the
substation and back to the central office
through ground or ¢ommon return. If the
other partyis wanted, the other set of springs
29 is operated and ringing-current is sent out
over the sleeve side of the line to operate the
bell that is grounded from said side. The
cut-off relay is now operated by current over
conductors 10 and 2* and thence through
winding 13 of said relay and the grounded
tip-ringing spring 29. Thus no special pul-
sating or other ringing current is required for
onc or the other side of the line. In the case
of metallic ringing, such asisrequired on line
L, the ringing-springs 24 are used, the return-
path for the ringing-current being over line
conductor 3, the sleeve-contacts of the jack
and plug, sleeve-spring 24, conductor 25, in-
cluding resistance 26, conductor 10, and
through the battery B to ground. After the
subseriber has been called, but before his re-
sponse, the sleeve supervisoryrelay r'is actu-
ated and closes the circuit of the supervisory
signal $*, whichis therefore lighted to indicate
to theoperator thefact that thesubscriber has
not yet responded. The conductor 17 is also
disconnected by the contact 16, and thestrand
£ of the cord-circuit is completed for conversa~
tion. At any time thereafter during the con-

&8

nection the operator may connect her instru-
ment with the cord-circuit without severing
the strands thereof and without connecting
the test-relay thereto. When the subscriber
responds, current flows over the metallic line,
a portion going through the suporvisory re-
lay ##, which is encrgized to retire the super-
visory signal §*. - During conversation the
signals remain inexposed and the battery
Bis feeding current out to the substations
mainly through the windings of the line-re-
lay R, though, as stated, some current flows
through relays r and r*. The cut-off relay R?
presents no impedance to current in the me-
tallic line, since the effects thereof are neu-
tralized in the equal and opposite windings
thereof. Thus the voice-currents are unim-
peded by the presence of the said differential
windings.

There are no relay-contacts in the talking-
circuit of the lines, and it is thoroughly bal-
anced. The cut-off relay is not in the path
of current in the line when the subscriber
calls the central office. Hence no marginal
or differential adjustment is required.

At the termination of the conversation the
return of the receivers to the hooks opens the
line-circuits and permits the deénergization
of the supervisory relays r and 7°, which
close the local circuits of the supervisory sig-
naks §* and 8%, thus lighting the same and in-
dicating to the operator the fact of the ter-
mination of the conversation. She then
withdraws the cord-cireuit plugs and restores
all parts to normal condition.

Although separate line and cut-off relays
are shown, it is obvious that they may be
combined in any way without departing from
the broad scope and principle of my inven-
tion. It is also apparent that various other
changes and modifications may be made in
the details of the construction and arrange-
ment of the. invention without avoiding the
scope and principle thereof; but

Having thus deseribed the principles of the
invention and one practical method of carry-
ing the same into effect, I claim and desire to
secure by Letters Patent—

1. In a telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-
dium of said connection-terminals, means un-
der the control of the subscriber to permit a
flow of current over the line from said source
to operate said magnet and thereby the line-
signal, and a differential cut-off magnet for
the line located between said line-signal-con-
trolling magnet and said connection-termi-
nals, said -cut-off magnet being operated
when a connection is established with the
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line by said connective means to render the
line-signal inoperative, substantially as de-
scribed.

2. In a telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-
dium of said connection - terminals, means
under the control of the subscriber to per-
mit a flow of current over the line from said
source to operate said magnet and thereby
theline-signal, and a differential cut-off mag-
net for the line located between said line-
signal-controlling magnet and said connec-
tion - terminals, and hawving its differential
windings in the opposite sides of the line,
said cut-off magnet being operated when a
connection is established with the line by
said connective means to render the line-sig-
nal inoperative, substantially as described.

3. In 4 telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor permanently ¢onnected with
the line conductors, a line-signal-controlling
magnet and a common source of current con-
nected with the line at the central office, op-
erators’ connective means at the central of-
fice to establish connections with the lines of
the system through the medium of said con-
nection - terminals for conversational pur-
poses, means under the control of the sub-
scriber to permit a flow of current over the
line from said source to operate said magnet
and thereby the line-signal, and a differential
cut-off magnet for the line located between
said line-signal-controlling magnet and said
connection-terminals and having its differ-
ential windings in opposite sides of the line,
said cut-off magnet being operated when a
connection is established with the line by
said connective means to render the line-sig-
nal inoperative, substantially as described.

4. In a telephone system, the combination

- with a telephone-line, of connection-termi-

nals therefor, operators’ connective means at
the central office to establish connections
with the line through the medium of said ter-
minals for conversational purposes, a line-
signal-controlling magnet and a central com-
monsource of current permanently connected
with the telephone-line, a line-signal con-
trolled by said magnet, means under the con-
trol of the subseriber to permit a flow of cur-
rent from said source over the telephone-
line to operate said magnet and thereby the
line-signal, and a differential cut-off magnet
located between the said line-signal-control-
ling magnet and the connection - terminals
and having its differential windings disposed
in the opposite sides of the line, said cut-off
magnet being operated when a connection is
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established with the line by said connective
means to render the line-signal inoperative,
substantially as described.

5. In a telephone system, the combination
with'a telephone-line, of connection-termi-
nals therefor permanently connected there-
with, operators’ connective means at the cen-
tral office to establish connections with the
line for conversation through the medium of
said terminals, a line-signal-controlling mag-
net and a central common source of current
permanently connected with the telephone-
line, a line-signal controlled by said magnet,
means controlled by the subseriber to permit
a flow of current from said source over the
telephone - line to operate said magnet and
thereby the line-signal, and a differential cut-
off magnet located between said line-signal-
controlling magnet and the connection-termi-
nals and having its differential windings dis-
posed in the opposite sides of the line, said
cut-off magnet being operated when a con-
nection is established with the liné by said
connective means to render the line-signal in-
operative, substantially as described.

6. In a telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-
dium of said connection-terminals, means un-
der the control of the subscriber to permit a
flow of current over the line from said source
to operate said magnet and thereby the line-
signal, a differential cut-off magnet for the
line located between said line-signal-control-
ling magnet and connection-terminals, and
means for including one winding of said cut-
off magnet in a local circuit when a connec-
tion is established with the line by said con-
nective means to thereby operate said cut-
off magnet to render the line-signal inopera-
tive, substantially as described.

7. In a telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-
dium of said connection-terminals, means un-
der the control of the subscriber to permit a
flow of current over the line from said source
to operate said magnet and thereby the line-
signal, a differential cut-off magnet for the
line located between said line-signal-control-
ling magnet and said connection-terminals
and having its differential windings in the op-
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in a local eircuit with said source when a con--

nection is established with the line by said
connective means to thereby operate said
cut-off magnet to render the line-signal inop-
erative, substantially as described.

8. In a telephone system, the combination
with a telephone -line, of connection-termi-
nals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-
dium of said connection - terminals, means
under the control of the subscriber to permit
a flow of current over the line from said
source to operate said magnet and thereby
the line-signal, a differential cut-off magnet
for the line located between said line-signal-
controlling magnet and connection-terminals
and having its differential windings in the
opposite sides of the line, and means to in-
clude one winding of said cut-off magnet in a
local circuit when a connection is established
with the line by said connective means, a
supervisory signal associated with the con-
nective means, said signal being placed in po-
sition to operate by current in said local cir-
cuit, and means operated by the flow of cur-
rent from said source over the telephone-line
for preventing the operation of said super-
visory signal, substantially as described.

9. In a telephone system, the combination
with a telephone-line, of connection-termi-
nals therefor permanently connected with
the line conductors, a line-signal-controlling
magnet and a common source of current con-
nected with the line at the central office, op-
erators’ connective means at the central office
to establish connections with the lines of the
system through the medium of said connec-
tion-terminals for conversational purposes,
means under the control of the subscriber to
permit a flow of current over the line from
said source to operate said magnet and there-
by the line-signal, a differential cut-off mag-
net for the line located between said line-sig-
nal-controlling magnet and said connection-
terminals and having its differential wind-
ings in the opposite sides of the line, and
means to include one winding of said cut-off
magnet in a local circuit when a connection
is established with the line by said connective
means to thereby operate the cut-off magnet
to render the line-signal inoperative, sub-
stantially as described.

10. In a telephone system, the combina-

* tion with a telephone-line, of connection-ter-
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minals therefor, operators’ connective means
at the central office to establish connections
with the line through the medium of said ter-
minals for conversational purposes, a line-
signal-controlling magnet and a central com-
mon source of current permanently connected
with the telephone-line, a line -signal. con-

3

trolled by said magnet, means under the con-
trol of the subscriber to permit a flow of cur-
rent from said source over the telephone-line
to operate said magnet and thereby the line-
signal, a differential cut-off magnet located
between the said line-signal-controlling mag-
net and the connection-terminals and hav-
ing its differential windings disposed in the
opposite sides of the line, and means for in-
cluding one winding of said cut-off magnet
in alocal cireuit with said source when a con-
nection is established with the line by said
connective means to thereby operate said
cut-off magnet to render the line-signal inop-
erative, substantially as described.

11. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals therefor permanently connected there-
with, operators’ connective means at the cen-
tral office to establish connections with the
line for conversation through the medium of
said terminals, a line-signal-controlling mag-
net and a central common source of current
permanently connected with the telephone-
line, a line-signal controlled by said magnet,
means controlled by the subscriber to permit
a flow of current from said source over the
telephone-line to operate said magnet and
thereby the line-signal, a differential cut-ofl
magnet located between the said line-signal-
controlling magnet and the connection-ter-
minals and having its differential windings
disposed in the opposite sides of the line, and
means for including one winding of said cut-
off magnet in a local circuit with said source
when a connection is established with the
line by said connective means to thereby op-
erate said cut-off magnet to render the line-
signal inoperative, substantially as described.

12. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, operators’ con-
nective means at the central office to estab-
lish connections with the lines of the system
for conversational purposes through the me-

‘dium of said connection - terminals, means

under the control of the subscriber to permit
a flow of current over the line from said
source to operate said magnet and thereby
the line-signal, and a differential cut-off mag-
net for the line conductively associated there-
with but out of the path of current when the
subscriber is calling the central office, said
cut-off magnet being operated when a con-
nection is established with the line by said
connective means to render the line-signal in-
operative, substantially as described.

13. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals for the line conductively associated
therewith during conversation, a line-sig-
nal-controlling magnet and a source of cur-
rent connected with the line at the central
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office, operators’ connective means at the
central office to establish connections with
the lines of the system for conversational
purposes through the mediun of said connec-
tion-terminals, means under the control of
the subscriber to permit a flow of current over
the line from said source to operate said mag-
net and thereby the line-signal, and a differ-
ential cut- off magnet for the line located
between said line-signal-controlling magnet
and said connection-terminals, said cut-off
magnet being operated when a connection is
established with the line by said connective
means to render the line-signal inoperative,
substantially as described.

14. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals therefor, a line-signal-controlling mag-
net and a source of current connected with
the line at the central office, a cord-circuit at
the central office to establish connections
with the lines for conversational purposes
through the medium of said connection-ter-
minals, means under the control of the sub-
scriber to permit a flow of current over the
line to operate said magnet and thereby the
line-signal, an electromagnetic cut-ofl mech-
anism for the line to prevent the operation of
sald signal during connections, an alternat-
ing-current ringing-generator, and means for
sending alternating ringing-current from said
generator out over either side of the tele-
phone-line and at the same time maintaining
said cut-off mechanism operated by steady
current over the other side of the line to pre-
vent the operation of said signal during ring-
ing, substantially as described.

15. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals therefor, a line-sighal-controlling mag-
net and a source of current connected with
the line at the central office, a cord-circuit at
the central office to establish connections
with the lines for conversational purposes
through the medium of said connection-ter-
minals, means under the control of the sub-
scriber to permit a flow of current to operate
said magnet and thereby the line-signal, a
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‘cut-off mechanism for the line adapted when

operated to render the line-signal inoperative
and having an electromagnet-winding in
each side of the telephone-line, an alternat-
ing-current ringing-generator associated with
the cord-circuit, and means for connecting
said generator with the cord-circuit to send
alternating ringing -current out over either
side of the telephone-line and to simultane-
ously complete a path for steady current
from said source of current through the wind-
ing of said cut-off mechanism in the other side
of the line to maintain said signal operated
during ringing, substantially as described.

16. In a telephone system, the combina-
tion with a telephone-line, of connection-ter-
minals therefor, a line-signal-controlling
magnet and a source of current connected
with the line at the central office, a cord-cir-
cuit at the central office to establish connec-
tions with the line for conversational pur-
poses through the medium of said connec-
tlon-terminals, means under the control of
the subscriber to permit a flow of current to
operate said magnet and thereby the line-
signal, a differential electromagnetic cut-off
mechanism for the Iine adapted when oper-
ated to render the line-signal inoperative and
having a windingin each side of the telephone-
line, an alternating-current ringing-genera-
tor associated with the cord-circuit, and
means for connecting said generator with the
cord-circuit to send alternating ringing-cur-
rent out over either side of the telephone-
line and to simultaneously complete a.path
for steady current from said source of cur-
rent through the winding of said cut-off
mechanism in the other side of the line to
maintain said signal operated during ringing,
substantially as described.

Signed by me at Chicago, county of Cook,
State of Ilhinois, this 12th day of September,
1903.

WILLIAM W. DEAN

Witnesses:
GazELLE BEDER,
Roserr Luwis AMEs.
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