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To (t2Z, tuhon, it nat/ conce77: 
Beit known that I, CHARLESA. CRAPO, a citi 

zen of the United States, residing at Denver, 
in the county of Arapahoe and State of Colo 
rado, have invented a certain new and useful 
Improvement in Telephone-Exchange Trunk 
Circuit Apparatus, of which the following is 
a full, clear, concise, and exact description. 
My invention relates to trunk-line appara 

tus for telephone-exchanges. 
It is a well-recognized requirement in mod 

ern telephone-exchanges 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 automatic ringing-key at the 
trunking-switchboard terminal of the line for 
signaling the called subscriber may be effect 
ively controlled from the distant answering 
switchboard. - 
More particularly my invention contem 

plates an arrangement whereby the ringing 
key may be automatically actuated as a result 
of merely making connection with the trunk 
line at both ends, and I further provide means 
whereby the answering operator may, if de 
sired, resignal the called subscriber without 
requiring assistance from the trunking op 
erator. - 

I will describe my invention particularly by 
reference to the accompanying drawing, which 
is a diagram illustrating two subscribers’ lines 
extending from substations to different cen 
tral offices AB, 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 incidental signals, the system be 
ing organized and equipped in accordance with 
my invention. . 

In the system illustrated the trunk-line ex 
tends in two metallic conductors 12 from a 

Spring-jack terminal a at the answering 
Switchboard A to a plug-terminal b at the 
trunking-board B. A subscriber's telephone 
line is illustrated at each board provided with 
the usual spring-jack terminals a c, the sub 
station apparatus of each line being of the 
usual type and including the usual gravity 
telephone-switch. At the switchboard each 
Spring-jack is shown constructed with the 
usual long and short line springs, connected, 
respectively, with the line conductors of the 
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telephone-line and a third contact or 'test 
ring,” as it is generally called, which forms 
the normally open terminal of a local switch 
board - conductor 3, which extends to earth 
through the usual cut-off relay d. 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 
usual character adapted to coöperate 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 
operator's cord-circuit at the answering-board 
is of the usual type, which is well known in 
the art and which, being clearly illustrated by 
generally-accepted conventional symbols, does 
not require particular description. It will be 
noted that the grounded central battery eat 
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 a the grounded limb of the plug-circuit 
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will be connected to the conductor 1 of the 
trunk-line. 
At the trunking-switchboard B the trunk 

line is divided conductively by a repeating 
coilin accordance with the usual practice, a 
batterye being connected in a bridge between 
the two windings of said repeating-coil, which 
are conductively in circuit with the extensions 
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the lamp /, said armature being also arranged 

of line-wires 12, leading to the tip and ring 
contacts, respectively, of plug (). The pole 
of the battery which is connected to the tip 
strand of the plug-circuit is grounded. I pro 
vide in association with the trunking oper 
ator's plug-circuit at the board B an electro 
magnetic ringing-keyf, which may have two 
switch-levers or armatures controlling the 
continuity of conductors 12 between the bat 
tery e' and the plug. When the magnet of 
the ringing-key is excited, it attracts its arma 
tures and breaks the circuit of 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.fremains excited. The magnet 
of the ringing-key f is included in a divided 
branch of a local circuit 63, which is pri 
marily established in registering contacts of 
the connection-switch or the plug () and the 
spring-jack c of the called line and is further 
controlled by a relay (/, 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 e" 
to the connection with the conductor 1 of the 
trunk-line leading to the switchboard A. It 
may here be remarked that for clearness of 
illustration I have shown two batteries, (each 
designated e') but it is understood that these 
may be and preferably are one and the same 
central battery. In the system 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 from the free 
pole of a battery. Such as the battery e', 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. In my 
system I may retain this conductor and the 
signal-lamp h therein and include the magnet 
of the ringing-key fin a shunt 5 around said 
signal-lamp. It has also been customary to 
provide a relay in the portion 6 of the local 
circuit which is established by the plug, this 
relay serving normally to connect 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 
a when the magnet thereof is excited by the 
completion of the local circuit, 63. 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 

to normally complete a path to ground from 
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said lamp-signal, which path is further co 
trolled by a normally open contact (?' of re 
lav (f. 

In order that the ringing-current, may be 
automatically cut off when the called sul)- 
scriber answers, I control the application of 
ringing-current by means of a magnet which 
is responsive to the telephone-switch at the 
called station. In the system illustrated this 
office is performed by the disconnect-magnet 
A, which is provided with a winding / in the 
path of current from generator (i to the 
called line, and a self-exciting winding *. 
When the magnet of relay is excited, its 
switch-contacts are arranged to cut out the 
winding of the ringing-key magnet, if ind 
substitute in its place in circuit 5 the self 
exciting winding * of the relay . 
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 ex 
tending the connection. The A olerator will 
then insert her calling-plug into the spring 
jack (t of the trunk so designated, and as soon 
as she does so the relay () will be excited by cur 
rent from battery e' in the branch 4 through 
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 board A. The 
relay (7 being excited will pull up its arma 
ture (f' (f', whereupon the signal-lamp h at 
the trunking-board will be lighted by current, 
passing from battery of through said lamp to 
earth by way of the armature (f' of relay (f 
and the normally closed contact of relay . 
The trunking operator at the B switchboard 
being thus assured by the lighting of lan) / 
that the answering operator has plugged into 
the right trunk-linejack will insert the trunk 
plug l into the spring-jack of the line wanted, 
having received the number of this lic by 
order - wire from the answering operator. 
Having thus put up the connection, the world 
of the trunking operator is finished until the 
connection is to be taken down again, since 
by means of my invention the bell at the sub 
station of the line with which connection is 
made will be automatically rung until the 
called party responds. The insertion of the 
trunking-plug () into the spring-jack of a line 
completes the local circuit (53. whereupon 
relay is excited, as usual, and draws up its 
armatures, completing the shunt - circuit. 5, 
which includes the winding f' of the auto 
matic ringing-lkey. Current from generator 
G is thus applied by said ringing-key through 
the winding 'of the disconnect-relay , to the 
called line. The winding A', however, does 
not receive sufficient current to energize the 
relay until the called subscriber answers, be 
cause of the high resistance of the signal 
bell at the substation. When the substation 
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switch is closed, however, increased current 
flows through the winding k', whereby the 
relay k is excited and draws up its armature, 
cutting out from the circuit, the winding of 
magnet f and substituting its own locking 
winding k. The ringing-key magnet being 
deénergized will reëstablish the talking-cir 
cuit, so that conversation may be had over 
the trunk-line, and said ringing-key magnet 
will be permanently locked out irrespective 
of further changes in the electrical condition 
of the called line, but subject, however, to 
being reset from the answering-switchboard. 
If it should be desired, for example, to send 
a 'recall-signal’-that is, to signal the called 
Subscribera second time after he has once re 
sponded and then hung up his telephone 
such second signal may be sent from the an 
swering-switchboard without calling upon the 
trunking operator for assistance. The an 
swering operator is provided with the usual 
supervisory signals, which inform her of the 
condition of the connected 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 withdrawing her calling-plug. 
from the trunk-line spring-jack (, or in any 
other way breaking the circuit which ener 
gizes relay 9, and then reëstablishing that cir 
cuit to again excite the relay. When the re 
lay g becomes deemergized 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 
f is included in a local circuit in place of the 
locking-winding A. When relay g again be 
comes energized, the ringing-key magnet if 
will therefore be again excited, as before ex 
plained. 

It 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 circuit 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. - . 

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 
netic ringing-key at the trunking-switch 
board in a local circuit established through 
the agency of the corresponding connection 
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switch, a relay g controlling said local circuit, 
and means for exciting said relay controlled 
through the agency of a Switch at the answer 
ing-switchboard. . . . . 

3. The combination with a calling and a 
called telephone-line terminating on different 
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 75 
ated to apply calling- current to the called 
line, connection-switches 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. The combination with a telephone trunk 
line extending from an answering-board to a 
trunking-board, and means at the trunking 
board for connecting the trunk-line with a 
subscriber'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 de&nergizing said key to dis 
connect the source of calling-current from the 
line. 

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 
ringing-key, controlled jointly by the con 
nection-switch at the corresponding end ot 
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 by 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 
scriber'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 with a telephone trunk 
line and connection-switches at each end for 
connecting the trunk-line with other lines, of 
a source of calling-current at the trunking 
end of the trunk, an electromagnetic ringing 
key for connecting said source of calling-cur 
rent with the line, an actuating-circuit for 
said key completed through the joint agency 
of the connection-switches at both ends of 
the trunk, a disconnecting device for definer 
gizing said ringing - key to disconnect the 
source of calling-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, whereby calling 
current may be reapplied to the called line. 

8. The combination with a telephone trunk 
line extending from an answering to a trunk 
ing switchboard, of other lines terminating 
at each switchboard, 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 electromagnetic key 
controlling the connection of said source of 
calling-current with the called line, a trunk 
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line relay associated with the trunk at the 
trunking-board, an actuating-circuit for sail 
relay controlled in the connection-switcl at 
the answering-board, an actuating-circuit for 
said ringing - key controlled jointly by the 
trunk-relay and the connection-switch at the 
trunking-board, a disconnect - relay for the 
ringing-key responsive to the electrical con 
dition of the called line, said relay also ("on 
trolling the actuating-circuit of the ringing 
key and operating to deprive the said key of 
current, a locking-circuit for said disconnect 
relay completed in contacts of the same and 
adapted to maintain the disconnection of call 
ing-current from the line after the response 
of the called subscriber, and contacts of the 
trunk-relay controlling said locking-circuit, 
whereby the ringing-key may be actuated to 
reapply calling-current to the line. 

In witness whereof I hereunto subscribe 
my name this 21st day of November, A. l). 
1902. 

CHARIES A (RAP(). 
Witnesses: 

HARRY A. RHODEs, 
N. O. PERCE. 
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