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1o all whom it may concern:

Be it known that I, Jorx P. Dowxs, a citi-

zen of the United States of America, and a
resident of Cleveland, in the county of Cuya-

5 hoga and State of Ohio, have invented certain
‘new and useful Improvements in Telephone-

Exchange Systems, (Case No. 3,) of which the

i

following is a specification. |

~ My Invention relates to improvements in
telephone-exchange systems, and has for its
object the provision in a common battery sys-
tem of means for very materially reducing the
click in the calling-subscriber’s recelver, for
rendering the system more economical in the
consumption of battery-current, for obtaining
positive action of the relays in the cord-cir-
cult, for securing perfect balance in the sev-
eral circuits, and for adapting said system for
use 1n connection with party-lines and com-
mon return-circuits. These results 1 attain,
respectively, by maintaining closed the bat-
tery-circuit when once established through
the subscriber’s telephone set and shunting
Into circuit the additional apparatus neces-
sary, opening instead of shunting the super-
visory-lamp circuit, and making the relay-
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windings relatively high and proportioning

and connecting said windings upon both sides
of the line. | |

A system embodying my invention will be
explained in connection with the accompany-
ing drawing, diagrammatically setting it forth
and forming a partof this specification, which
will make my invention perfectly clear. |

In said drawing or diagram, A and B will
readily be recognized as representing, respec-
tively, the calling and the called subscribers’
stations, adapted to be connected over the
line conductors 1 2 1’ 2" and through the cord-
circult, diagrammatically representing the
central office or exchange apparatus. Line
conductors 1 2 of the calling subscriber ter-
minate in the springs s’ s* of the multiple
Jacks 7, between which are connected the di-
vided windings of the line-relay #, controlling
its signal-lamp /. The said relay is wound to
be of relatively high resistance, the windings
thereof being equally divided, as indicated,
and connected upon either side of the circuit.
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' The same conditions obtain with respect to
the supervisory relay +’ in the cord-cireuit,

ance, however.

connection of the cord-circuit, including said
relay +" in the subscriber’s circuit, may be se-
cured through the insertion of the plug with-
out opening the battery-circuit when once es-
tablished through the subscriber’s station.

said cord-circuit merely being bridged into

circuit with the subscriber’s set, thereby ob-
viating practically all of the undesirable click
in his receiver. Lamp 7 of said supervisory
relay is connected in shunt relation with di-
vided resistances R R’, which connection
through the lamp is adapted to be brolken
upon the energization of said relay, resistance
R’ being simultaneously shunted.

I have diagrammatically shown also the
operator’s set o, her ringing and listening key
k, the lamp-relay +°, the pilot-lamp and relay
pl and the night-bell and its relay 24, all of
‘which are of the usual type and will require
no extended description herein. Battery § is
designed to supply current for the answer-
ing side of the cord-circuit and the calling

subscriber, while battery 0’ serves the oppo-

site side of the cirecuit.

- Whenthe subscriber A removes his receiver
J/ trom its hook to call subscriber B, we will
assume, circuit will be closed from the positive
side of the battery through conductors 3 4.,

one half of the winding of relay #», conductor

2, through the subscriber’s instrument, con-
ductor 1, the other half of the winding of said
relay, and conductor 5 to the opposite pole of
the battery. This energizes the line-relay,

_closing the lamp-circuit at its contact ¢, which
lamp being at once illuminated is observed by
the operator, who inserts her answering-plug
» 1n the jack of subscriber A.

The circuit through the supervisory relay
7', controlling the lamp 7, will at once be
closed in turn through the tip and sleeve »’ »*
by contacting with the corresponding springs
7' 7% -Currentimmediately flows through the
divided windings of this relay, which causes
1t to open the normally closed lamp-circuit at

¢’y thereby extinguishing the SUPEervisory

the windings thereof being of lower resist-
It will be observed that the
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lamp /. Tracing again from the positive pole
of battery 4, current passes over conductor 8
to one half of the winding of relay 2/, the tip
of the plug, conductor 2 through the sub
scriber’s instrument, conductm 1 sleeve 2.
the other half of the relay- wmdmg conduc-
tors 9 5, to the opposite pole ot the battery.
At the same time the lamp-relay #° 1s ener-
gized to open the circuit of mgnml lamp / at
contact ¢, its circuit being from the positive
pole of battery o, conductm s 3and 6, through
the windings of Ielav f?' conductm T, test-
thimble and test- -ring 9 p , resistance h, and
in multiple through resistance R’ and conduc-
tor 11, conductors 9 and 5 to the negative pole
of sald battery.

The lamps 7/ and //, connected, respectively,
to line-relay and to the cord-circuit relay, are
maintained upon open circuit until the con-
nection is to be taken down, thereby effecting

a saving over the common practice of shunt-
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ing out said lamps.

Having answered the call and learned the
desired number, the operator tests the wanted
line - jack to ascertain if that line 1s busy.
This test is made 1n the usual manner by ap-
plying the tip of the calling-plug »” to the
thimble of the jack 77, the listening-key 4 be-
ing thrown into a hstemng position, so that
the operator’s set is connected across the cord-
circuit and is connected on one side to the
tip. If the line is in use and a plug is al-
ready inserted in one of the multiple jacks
thereof, the potential of the jack-thimbles will
be different from normal relatively to the
plug-tip and receiver because of the connec-
tion established fr om the jack - thimble j”
through the ring »°, lamp /', and resistances
R R, or R alone thr ough conductor 9 to the
othm batter V-bu& BV this variation of po-
tential and the flow or lack of flow of current
through the operator’s receiver the line is
tested. The current-flow to produce the
“elick” for line-testing requires to be care-
fully graduated for two reasons: First, a va-
riable resistance in the called circuit, which
would produce a variable potential difference,
would at times permit an explosive and very
annoying click in the operator’s receiver, and,
second, any sudden rush of current through
a new path of low resistance or self-induction
would cause a very disagreeable explosive
sound in the receiver of the subscriber, this
being audible also to the correspondent with
whom he may be already conversing.

An important part of my invention relates
to the means for controlling the flow of test-
current. My objectis to properly control and
regulate the resistance of the path of supply
of test-current to the test-thimble under all
conditions. This I attain 1n the following
manner: The relay 7. through itsarmature and
the contact ¢, controls the direct circuit of the
lamp /7. 1t cannot control the continuity of
the shunt around this lamp containing the two

resistance-coils RR’. Ttdoes, however, closea
shunt aboutcoil R’ by way of wire 11 when the
direct lamp-circuit is broken. It will be ob-
served that when the lamp is illuminated two

- parallel pathcs are closed from conductor 9 to

the sleeve »’ of the plug, one by way of the
armature and the contact ¢ to and through
the lamp, the other by way of coils R and R
around the lamp. The resistances of the coils
and the lamp being thus 1n par allel, a path ot
much lower joint resistance is presented than
would exist through either of themalone. It
now the lamp-eircuit be broken, but one path
remains, and the resistance between the bat-
tery and the plug-sleeve 1s increased. 1 pre-
vent this by dividing this remaining resistance

between the two coﬂs anc blmntmg out one

of them when the lamp -circuit 18 broken.
Thus 1 still
sistance of the coils, which replaces the joint
resistance, the latter being maintained only
when the lamp is burning. Of course 1t 1s to
be understood that the resistance of the lamp
need not be exactly equal to the resistance of
the coils: but the relative proportions of the
resistances are to be adjusted in accordance

with well-known laws to attain the desired re-

sult of regulation.

In ‘deltl()l’l to the feature of regulating the
resistance of the test-circult 1t 1s to be noted
that another important end is served by my
compensating arrangement, which 1s to regu-
late the current- :

low thlonﬁh the relay 4.
This is the cut-off relay for the line-sigmal
and requires a certain amount of current for
its operation. To greatlyr educe this current
would widen the margin of operation beyond
a reasonable limi
relay might continue to hold up, because with
its armature up it is working under conditions
of maximum pull. Inorderto securepositive
action, however, current regulation 1s re-
quin ed.

Connection with the B subscriber 1s ob-
tained in the usual manner by inserting the
calling-plug »"" in B’s jack 7', the opposite
side of the cord-circuit preferably being ar-
ranged in the same manner as the answering
side, which has just been described. 'The
ringing and listening key 4, the signaling-
oenerator ¢, and the oper .:LLOI s set 0 are suf-
110161‘113]37 indicated to avoid the necessity for
further description or reference to their use.
Conversation being concluded between A and
B, the subscribers will hang up their receiv-
ers, thus opening the circuits at their respec-
tive stations, whereupon the supervisory re-
lays # #° will be deénergized, and the con-
trolled lamps ' /7 will be illuminated by cur-
rent flowing from batteries /) and /', and the

operator thus being signaled will take down

the connection.
From the foregoing it will be seen that the
objects of my invention are attained 1n a sun-

| ple and practical manner, thereby materially

maintain one portion of the re-

t of eiﬁcmncy, although the
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1mproving the service of a common or cen- !

tral battery telephone system.

By maintaining intact the circuit originally

established between the central office and the
subscriber’s station and simply brideing the
cord-circuit upon his line the marked annoy-
ance of a sharp click or series of clicks in the
calling -subsecriber’s receiver is done away
with. |

The relays in the cord-circuit are wound
sufficiently high to insure their positive ac-
tion, and the windings are divided and con-
nected to balance the respective cireuits,
whereby my improved system is adapted for
use as well upon common-return and party-
line circuits. Moreover, quite a saving in
battery-current is effected by opening the
lamp-circuits, as is accomplished in the sys-
tem described, instead of providing paths of
low resistance to shunt out the lamps. |

Having now-described a system equipped
In accordance with my invention, I claim as
new, and desire to secure by Letters Patent, the
following: - |

1. In a telephone-exchange system, a sub-
scriber’s station and a central station with a
line-cireuit interconnecting them, multiple
jacks for said line at the central station, and
an operator’s cord-circuits having terminal

plugs for testing and interconnecting the line-

jacks, a source of supply of test-current and
a connection therefrom to each cord-circuit,
a resistance device in said connection adapted
to be operatively affected by the condition of
the subseriber’s substation apparatus,together
with a reciprocally-variable balancing resist-
ance adapted to regulate the potential of the
jack test-terminals during connection of a
plug therewith under all conditions of the ex-
ternal circuit, substantially as described.

2. In a telephone-exchange system, a sub-
scriber’s station, a central station, and a cir-
cuit Interconnecting them, terminal jacks for
the line at the central station, each jack hav-

1ng a test thimble or contact, operator’s cord- -

circuits and terminal-plugs adapted to coop-
erate with the line-jacks for testing and in-
terconnection, a common source of test-cur-
rent, an operator’s telephone and connections
therefor to the testing-terminals of the plugs
and to the source, connections from the test-
battery to the cord-circuits and responsive
devices connected therein, and connections to
the jack-thimbles, together with a variable-

resistance device and means whereby said de-

vice and thereby the resistance of said con-
nections may be regulated to regulate thereby
the potential difference for testing, under all
conditions of the external circuit, substan-
tially as described.

3. Inatelephone-exchange system, a multi-
pleswitchboard, multiple jacks thereon, plugs
having testing-tips and sleeves codperating
with said jacks, a test-battery and an oper-
ator’s telephone, a connection from said test-

‘tuting a portion of the cut-o

battery to the ring of each plug, a variable-
-resistance device included in said connection
controlled by the subscriber, and means to.
~compensate for the variations in resistance to
regulate the potential on the plug-ring, sub-

stantially as described.
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4. In a telephone-exchange system, a sub-

scriber’s station, a central station, and a line-

circuit interconnecting them, a common bat-
tery at the central office, a line-relay and con-
nections therefor to battery and to line, a line-
signal and a local circuit therefor controlled
at one point by said relay, a cut-off relay and

‘1ts armature controlling said local circuit at

a second point, a circuit for said cut-off relay
including contacts of a jack-plug, a super-
visory signal included in said circuit, together
with a regulable resistance device wherehy
the resistance of the circuit may be regulated
under all conditions of operation of said su-
pervisory signal, substantially as described.
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So

5. In a telephone-exchange system, a sub-

scriber’s line and a terminal jack therefor at

a central station, plugs and a cord-circuit for
Interconnecting lines, a common battery for

the lines, a relay connected to each line and

Q0

a local circuit containing a line-sienal con-

trolled by said relay, a cut-off relay also con-
trolling said local circuit, a local circuit for
the cut-off relay including contacts closed on
the plug and jack during connection, a super-
visory relay connected between the battery and
the cord-circuit, a supervisory signal in a local
circult controlled thereby, said circuit consti-
T-relay circuit
referred to, together with a regulable resist-
ance device in said circuit actuated in the use
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of the apparatus of the system to regulate

the resistance and thereby regulate the flow
of current in the cut-off-relay circuit, regard-
less of the condition of the supervisory sig-
nal, substantially as described. |

6. In a telephone-exchange system. sub-
scribers’ stations, a central station, and metal-
lic line-cirenits between them, a common bat-
tery for the lines, a relay for each line hav-
1ing 1ts windings divided and permanently con-

nected to the two sides of line, connections
from the battery including it between the re-
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lay-windings, a local circuit and a signal for
each line-relay, connected to the same bat-

tery, said line-relay controlling said local cir-
cuit only, a cut-off relay controlling each local
circult, also connected to said battery, and a

circult, and asupervisory signal therein, closed
1n making connection with line, to and through
the cut-off relay, substantially as described.

(. In a telephone-exchange system, a sub-

scriber’s station, a central station, and a line-

circuit interconnecting them, a relay perma-
nently connected to said line at the central
station, and a local circuit, with a signal there-

in, controlled by the relay, a cut-o relay also

kL

controlling the local circuit, a supervisory
signal, a circuit therefor and variable com-
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pensating resistance therein, to reguiate the |
cireuit resistance in all conditions ot the su-
pervisory signal,a common battery, and means
operable in making connection with the line,
to connect the battery and the supervisory-
signal circuit with the cut-off relay, substan-
tially as deseribed.

Sioned at Cleveland, this 18th day of Oec-
tober, 1902, in the presence of two subscrib-

ing witnesses.
JOHN P. DOWN®.
Witnesses:
C. H. Porrur,
ArLperT LyNN LAWRENCE.
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