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To all whom it may concermn:

- Beitknown that I,Cmarrus A. CrAPO, amtl-
zen of the United btates residing at Denver,
in the county of Arap‘tboe and Stato of Colo-
rado, have invented a certain new and useful
Improvement in Telephone-Exchange Trunk-
Cireuit Apparatus, of which the tollowmcr is
a full, clear, concise, and exact desouptlon

My invention relate% to trunk-line appara-

tns for telephone-exchanges.
Itis a well-recognized requirement in mod-

ern telephone- exchanores that most, if not all,.

" work incidental to the supervision of the con-
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nection should be done by the answering op-
erator, while the trunking operator should

be required merely to put up the connection

upon order from the answering operator and
take it down upon signal.

My invention has for its object, in general,
to provide an improved organization or sys-
tem in which an antomatic ringing-key at the
trunking-switchboard termlnal of the linefor
swnahnw the called subscriber may be effect-
1ve]v controlled from the distant a,nswermd-

switchboard.

More particularly my invention contem-
plates an arrangement whereby the ringing-
key may be automatlcally actuated as a result
of merely making connection with the trunk-
lineat both ends, “and 1 further provide means
whereby the answering operator may, if de-
sired, resignal the called subscriber without
requiring assistance from the trunking op-
erator.

I willdescribe my invention particularly by

reference to the accompanying drawing, which
isadiagram illustrating two subscribers’ lines
e‘{tendmd from snbstatmns to different cen-
tral oﬁices A B, with a trunk-line extending
between the two offices, with the connection-
switches and accessory apparatus for uniting
the two lines through the trunk-line and trans-
mitting the 1n01dental signals, the systém be-
ing ordanlzed and eqmpped inaccordance with
my invention. -
In the system illustrated the trunk- hne ex-
tends in two metalhc conductors 1 2 from a

(No model.)

‘spring - jack terminal ¢ at the. answering-
switchboard A to a plug-terminal & at the

trunking-board B. A subsecriber’s telephone-

line is illustrated at each board provided with
the usual spring-jack terminals ¢ ¢, the sub-
station apparatus of each line being of the
usual type and including the usual gravity
telephone-switch. At the switchboard each
spring-Jjack is shown constructed with the
usual long and short line springs, connected,

respectively, with the line conductors of the
*test- -

telephone-line and a third contact or
ring,” as it is generally called, which forms
the normally open terminal of a local switch-
board - conductor 8, which extends to earth
through the usual cut-off relay ¢. The plug-

-terminals of the operator’s cord-circuit at the

answering-board and the plug-terminal of the

trunk-line at the trunking-board are of the-
xnsual character adapted to codperate with the

spring-jacks of the type shown—that is to
say, each plug has the usual tip, ring, and
sleeve contacts which are adapted to register
with the short and long line springs and the
test-ring, respectively, of the spring-jack,
into which the plug may be inserted.. The
opemtor s cord-circuitat the answering-board
is of the usual type, which is well known in
the artand which, being clearly illustrated by
generally-accepted conventional symbols,does
not require particular description. Itwill be
noted that the grounded central battery ¢ at
the switchboard A is connected, as usual, in
a bridge of the operator’s plug-circuit be-
tween the windings of the repeating-coil with
the grounded pole of said battery toward the
tip-strand of the cord-circuit, so that when
the connecting-plug is inserted in the spring-
jack ¢ the grounded limb of the plug-circuit
will be connected to the conductor 1 of the
trunk-line.

At the trunking-switchboard B the trunk-
line is divided conductlvely by a repeating-
coil in accordance with the usual practice, a
battery ¢ being connected in a bridge between
the two Windings of said repeating—ooil, which

are condustively in circuit with the extensions
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of line-wires 1 2, leading to the tip and ring
contacts, respectively, of plug 7. The pole
of the battery which is connected to the tip-
strand of the plug-circuitis grounded. T pro-
vide in association with the trunking oper-
ator’s plug-circuit at the board B an electro-
magnetic ringing-key 7, which may have two |
switch-levers or armatures controlling the
continuity of conductors 1 2 between the hat-
tery ¢ and the plug. When the magnet of
the ringing-key isexcited, it attracts its arma-
tures and breaks the circuitof conductors 12,
connecting the ends or terminals thereof lead-
ing to the plug with the poles of a generator
G of ringing-current, whereby the bell at the
station of the called line with which the plug
may be connected is rung. In the system
shown ringing-current will be applied as long
as the magnet / remains excited. The magnet
of theringing-key #is included in a divided
branch of a local circuit 6 3, which is pri-
marily established in registering contacts of
the connection-switch or the plug  and the
spring-jack ¢ of the called line and is further
controlled by a relay g, which is responsive
to a switch at the distant answering-board.
I have shown the magnet of relay ¢ at the
board B included in a conductor 4, extend-
ing from the free pole of grounded battery ¢
to the connection with the conductor 1 of the
trunk-line leading to the switchboard A. 1t
may here be remarked that for clearness of
illustration I have shown two batteries, (each
designated ¢';) but it is-understood that these
may be and preferably are one and the same
central battery. 1In the sysiem illustrated
the ringing-key cannot be actuated until the
trunk-plug is actually inserted in the spring-
jack of the called line.

It has been common in systems heretofore
to provide a conductor leading trom the free
pole of a battery, such as the battery ¢, to
the sleeve-contact of the trunk-plug to supply
current to the cut-off relay of the line with
which connection is made, a signal-lamp also
being included in that portion of the circuit
which is associated with the plug. TIn my
system I may retain this conductor and the
signal-lamp / therein and include the magnet
of the ringing-key 7 in ashunt 5 around said
signal-lamap. It has also heen customary to |
provide a relay ¢ in the portion 6 of the local
circuit which is established by the plug, this
relay serving normally toconnect the tip of
the plug with the winding of the operator’s
telephone induction-coil for the purpose of
making the busy test, the induction-coil wind-
Ing being automatically cut off by the relay
< when the magnet thercof is excited by the
completion of the local circuit 6 8. In the

system shown this relay is retained and is
provided with an armature controlling a nor-
mally open break in the shunt-circuit 5 about
the lamp 4, said armature being also arranged

to normally complete a path to ground from |

said Jamp-signal, which path is further con-
trolled hy a normally open contact ' of re-
lay 4.

In order that the ringing-current may he
automatically cut off when the called sul-
scriber answers, T control the application of
ringing-current by means of a magnet which
is responsive to the telephone-switeh at the
called station. In the system illustrated (his
office is performed by the disconnect-magnet
k, which is provided with a winding 2 in the
path of current from generator (¢ to the
called line, and a sclf-exciting winding /%
When the magnet of relay 4 is excited, its
switch-contacts are arranged to cut ont the
winding of the ringing-key magnet # and
substitute in its place in cireuit 5 the sclf-
exciting winding 4% of the relay 7.

Normally the circuit conditions are as
shown in the diagram. When the trunk
operator at board B receives a call for a trunk
connection, she may, in accordance with the
usual practice, tell the answering operator
over an order-wire which trunk to use in ox-
tending the connection.  The A operator will
then insert her calling-plug into the sprine-
jack @ of the trunk so designated, and as soon
as she doesso therelay ¢ will he excited hy cur-
rent from battery ¢ in the branch 4 throueh
the line conductor 1 of the trunk-line and
thence to earth by way of the tip-strand of
the operator’s cord-circuit at hoard A. The
relay ¢ being excited will pull up its arma-
ture ¢' ¢, whereupon the signal-lamp /7 at
the trunking-board will be lighted by current
passing from battery ¢ through said lamyp to
earth by way of the armature ¢ of relay ¢
and the normally closed contact of relay /.
The trunking operator at the B switehhourd
being thus assured by the lighting of Tamp /
that the answering operator has plugeed into
the right tvank-line jack will insert the trunk-
plug 4 into the spring-jack of the line wanted,
having received the number of this line hy
order-wire from the answering operator.
Having thus put up the connection, the work
of the trunking operator is finished until the
connection is to be taken down again, since
by means of my invention the hell at the sul)-
station of the line with which connection is
made will be antomatically rung until the
called party responds.  The insertion of the
tranking-plug # into the spring-jack of a line
completes the local cireuit ¢ 3. whercupon
relay ¢ is excited, as usual, and draws up its
armatures, completing the shunt-cirenit 5.
which includes the winding 7 of the auto-
matic ringing-key. Current from generator
G is thusapplied by said ringing-key throngh
the winding # of the disconnect-relay 4, to the
called line. The winding 4/, however, docs
not receive suflicient curvent to energize the
relay until the called subscriber answers, he-
cause of the high resistance of the sional-
bell at the substation.  When the substation-
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switch is closed, however, increased current
flows through the winding %', whereby the

-relay % is excited and draws up its armature,

cutting out from the circuit the winding of
magnet 7 and substituting its own lockmcr-
Wlndll’lo‘ k.  The r1n01n0r—l\ey magnet belnor

deénergized will resstablish the talkmor -¢ir-

cuit, so that conversation may be had over
the trunls—lme, and said ringing-key magnet
will be permanently locked out irrespective
of further changes in the electrical condition
of the called lme, but’ subJect however, to
being reset from the answering-switchboard.
Tf it should be desired, for example, to send
a *‘recall-signal »—that is, to signal the called
subscriber a second time after he has once re-
sponded and then hung up his telephone—
such second signal may be sent from the an-
swemna-SWltehboard without calling upon the
trunkmw operator for assistance. The an-
swering operator is provided with the usunal
supervisory signals, which inform her of the
condition of the c¢onnected lines, and if she
wishes to send a second signal after the called
party has hung up his telephone she may do

so by simply w1thdraw1ncr her calling-plug -

from the trunk-line spring-jack @, or in any
other way breaking the circuit which ener-
gizes relaV g, and then redstablishing that cir-
cuit to again excite the relay. When the re-
lay ¢ becomes deénergized under the condi-
tions above named, it will break the circuit
of the locking-winding %°, whereby the dis-
connect-relay will be restored to its normal
condition, in which the ringing-key magnet
£ 1s Included in a local eircuit in place of the
locking-winding #*.  When relay ¢ again be-
comes enermzed the ringing-key maO‘net v
will therefore be adam exc1ted as before ex-
plained.

Tt will be apparent that the invention here-
in set forth may be embodied in systems which

' may differ in many respects from that shown
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in the drawing, and the claims should be un-
derstood accordingly.

I claim—

1. The combination with a telephone trunk-
line and connection-switches at each terminal
for uniting the trunk-line with other lines, of
an electromagnetic ringing-key for the trunk-
line at one end thereof, a local cirenit for said
ringing-key, and means controlled through
the joint action of the connection-switches at
both ends of the trunk-line for closing said
local circuit, whereby the ringing-key is au-
tomatically actuated when connection is made
at both ends of the trunk-line. o

2. The combination with a telephone trunk-
line extending from an answering-switchboard
to a trunking-switchboard, and connection-
switches at each board for connecting the

 trunk-line to other lines, of an electromag-

65

netic ringing-key at the trunking- sw1tch-
board in a local circuit esta,bhshed through

the agency of the corresponding connection-

3

switch, a relay ¢ controlling said local circuit,
and means for exciting said relay controlled

through the agency of a switch at the answer- -

1n0°—5W1tehboard

3. The combination with a c‘Lllan‘ and a
called telephone-line terminating on cl1ﬁerent
switchboards, and a trunk-line extending be-
tween said switchboards, a source of calling-
current,an electrically-actuated key associated
with the trunk-line and adapted when oper-
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ated to apply calling-current to the called -

‘line, connection- sw1tches at both ends of the

trunk line for uniting the trunk-line with the
calling and called telephone-lines,'and means
made operative by the closure of both said
connection-switches for energizing the afore-
said electrically-actuated key.

4. Thecombination with a telephone trunk-
line extending from an answering-board toa
trunking-board, and means at the trunking-

"board for connecting the trunk-line with a

subseriber’s line, of a source of calling-cur-
rent, an electrically-actuated key controlling
the application of said calling-current to the
trunk-line, means made operative in complet-
ing connection with the trunk-line at both
ends . thereof to energize said calling-key,
and electromagnetic mechanism controlled
through the agency of ‘the substation tele-
phone-switch for deénergizing-said key to dis-
i:onnect the source of calling-current from the
ine .

5. The combination with a telephone trunk-
line and connection-switches at each end for
connecting the same to other lines, of an elec-
tromagnetic ringing-key at the trunking end,
a trunk-line relay at the same end and means
for exciting said relay controlled by a switch
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at the other end, a local circuit for the said’ V

ringing-key, controlled jointly by the con-
nection-switch at the corresponding end of
the line and the said trunk-line relay, a dis-
connecting-relay for the ringing-key, respon-
sive to the electrical condition of the called
line, and a self-locking circuit for said dis-

| connecting-relay, controlled bV said trunk-

line relay

6. The combination with a telephone trunk-
line extending from an answering - switch-
board to a trunking - board, a called sub-
seriber’s line also terminating at the trunk-
ing-board, and a connection-switch for unit-
ing the lines, of a source of calling-current
and a key adapted to apply said current to
the called line, a switch at the called substa-
tion, a magnet at the trunking-board respon-

sive to said switch, mechanism controlled

by said magnet for cutting off the source of
calling - current, a locking - circuit for said
magnet, a relay controlling the flow of cur~
rent through said locking - circuit, and a

switch at the distant answering - board to'

which said relay is responsive; whereby the
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called station may be resignaled from. the an- -

swering-switchboard.
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7. The combination witha telcphone trunk-
line and connection-switches at each end for
connecting the trunk-line with other lines, of
a source of calling-current at the trunl\mo
end of the trunk, an electromagnetic ringing-
key for connecting said source ot mlhno -cur-
rent with the hno, an actuating-circuit for
said key completed through the joint agency
of the connection- swltches at both ench of
the trunk, a dlsconnectmo device for deéner-
gizing said ringing -key to disconnect the
source of calllno -current from the line, said
device being responsive to the electrical con-
dition of the called line, and means controlled
through the agency of the connection-switch
at the other end of the trunk for reversing
said disconnecting device, wherehy C‘LlhDO~
current may be re%pphed to the called line.

8. The combination with a telephone trunk-
line extending from an answering to a trunk-
ing SWltCth‘tI d, of other lines terminating
at each sw1tchbo‘mrd, a connection-switch at
each end of the trunk-line for uniting it to
the other lines, a source of calling-current at
the trunking-board, an electrom‘lonemc key
controlling the connection of SMd source of

calling-current with the called line, a trunk- |

772,871

line relay associated with the trunk at the
trunking-hoard, an actnating-civeuit for said
relay controlled in the connection-switeh at,
the answering-hoard, an actuating-cirenit. for
said ringing-key controlled ]()ml]\' wy the
trunk-relay and the connection-switch at the

trunking-board, a (]]S(‘()H]](‘(L—ll‘]l\' for the

T 1n01no—l\ev leeponqn ¢ to the electrieal con- :

dition of the called line, said relay also con-
trolling the actuating- circuit of the ringing-
key and operating to deprive the said l\(\y of
current, a locking- cnomti()l said disconneet-
relay completed in contacts of the same and
‘1ddpt(‘d to maintain the disconnection of call-
ing-current from the line after the response
of the called subscriber, and contacts of the
trunk-relay contlollmo said locking-cireuit,
whereby the ringing- I\oy may be actuated to
re appl\' calling-current to the line.

In witness whercof 1 hereunto subserihe
my name this 21st day of November, A. D.
1902.

CHARLES A. CRAPO.

Witnesses:
Harry A. Ruones,
N. O. Preron.
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