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To all whom it may concern:

Be it known that I, Harry G, WEBSTER, a
citizen of the United States, and a resident of
Chicago, county of Cook, and State of Illinois,
have invented a certain new and useful Im-
provement in Telephone-Exchange Systems,
of -which the following is a full, clear, con-
cise, and exact description.

My invention relates to telepbone'-excha.nge
systems employing a central battery for sig-
naling, and particularly to that type adapted
for central-battery transmission, in which
the switching-terminals or spring-jacks of the
lines are constructe_d each with only two con-

tact-pieces connected with the two line con--

ductors respectively, the connecting-plugs be-
ing correspondingly provided each with only
two contacts, these forming the terminals of
link conductors by which lines are tempora-
rily switched together.

The principal object of my invention is to
provide improved means for controlling the
display of the subscriber’s calling-signal and
the connections of the talking-circuit, a sec-
ond object being the provision of improved
means for securing a positive busy test.

Other objects and advantages of my inven-
tion will be apparent to those skilled in the
art from the following description.

In accordance. with my invention I associ-
ate with the line-circuit a4 signal-controlling
electromagnet, the signal being normally un-
der the control of the subscriber, whereby a
call may be initiated at the central office. A
second electromagnet normally under the con-
trol of the exchange operator is also associ-
ated with the line-circuit, adapted when actu-
ated to destroy the substation control of the
said signal and to change the normal circuit
of the line to oneadapted for the satisfactory
transmission of speech. This electromagnet
and its associated mechanism may be in the
form of a relay-magnet and will for conven-
ience be hereinafter referred to as the *‘cut-
off relay.” Thewindings of this relay are di-
vided into two portions, which may be of
equal or different energizing capacities, and
connected cumulatively with respect to their
effect upon the magnet or may be of unequal
energizing capacity and connected differen-
tially with respect to their effect upon the
magnet. In its preferred form the two por-

tions are arranged upon opposite ends of the
magnet - core, although I have indicated a

modlﬁcatlon in which thev may be twin wind-
ings or superimposed windings.

Tn the preferred embodiment of my inven-
tion that portion of one line-limb extending
to the substation is connected to the interme- -
diate point of the winding or windings, one
portion of the windings being connected di-
rectly to the retarn side -of the central bat-
teryand the other portion being normally in-
cluded in that portion of the line-limb extend-
ing to the switching - terminals. A normal
earth connection is provided for the interme-
diate point of the windings of a character
adapted to substantially short-cireunit that por-
tion of the windings which is connected to the
return side of the battery and to prevent ex-
traneous currents upon the line-limb from al-
tering the electrical condition of the associ-
ated contacts of the switching-terminals.

The signal-controlling electromagnet above
referred to may be in the form of a magnet
controlling a mechanical signal or may be a
relay-magnet controlling a signal in a local
circuit, such as an incandescent lamp, and
the display of this signal may be prevented
either by opening its local cireuit or by open-
ing the circuit of the electromagnet or by a
locking-winding adapted to prevent such dis-
play or by other obvious means well known
to those skilled in the art, and I do not wish
to be limited to any specific arrangement of
magnet and signal or means by which the dis-
play of the signal is prevented.

Cord connecting apparatus is provided
adapted upon the insertion of its connecting-
plug into a switching-terminal to complete a
battery-circuit which includes that portion of
the relay-windings normally in circuit with a .
contact of the switching-terminal. The cut-
off relay being thus energized, its actuation
will destroy the substation control of thecall-
ing-signal, as above referred to. Further-
more, the actuation of the cut-off relay oper-
ates to disconnect the aforesaid normal earth
connection, thus removing the short circuit
from that portion of the windings associated
with the return side of the battery, bringing
said portion into branch circuit of the hne
and to connect the associated lineé-limb di-
rectly to its corresponding contact of the
switching-terminal. This direct connection
may be accomplished either by short-circuit-
ing the first-mentioned portion of the wind-
ings or by connecting the line-limb directly
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to its wire leading to the switching-terminal
and opening the circuit of said portion. While
I have referred to this relay as having a
“winding” or *‘windings,” it will be under-
stood that the two terms are used interchange-
ably and that the relay has actually a winding
which is normally continuous, although a por-
tion of this winding may be normally short-
circuited or may be subsequently divided into
two portions, or one portion of the winding
may be connected differentially with respect
to the other, and this explanation is made for
the sake of clearness and to avoid limiting
myself unnecessarily, inasmuch as the two
portions of. the winding will be hereinafter
referred to as different windings for the sake
of brevity.

I will deseribe my invention more fully by
reference to the accompanying drawings,
forming a part of this specification, in which—

Figure 1 illustrates two complete line-cir-
cuits together with appropriate cord connect-
ing apparatus, all organized in accordance with
the preferred formof my invention. Figs. 2
and 3 illustrate alternative cord connecting
structures adapted for use with the line-cir-
cuit arrangement of Fig. 1. Fig. 4 illustrates
a modification of the line-circuit arrangement
of Fig. 1 in which the relay-winding asso-
ciated with the switching-terminal is discon-
nected after the operation of the relay. Fig.
5 illustrates another modification of the line-
circuit arrangement of my invention, and Fig.
6 is a diagram indicating cord connecting ap-
paratus adapted to codperate with the strue-
tare of Fig. 5. Figs. 7, 8, and 9 illustrate
further modifications of the line-circuit of my
invention, and Figs. 10 and 11 illustrate an
additional modlhc(mon with appropr mte cord
connecting apparatus.

" Like characters refer to like parts in the
various figures.

Referring first to Fig. 1, the subscriber’s
apparatus is represented as consisting of a
telephone-hook switch A, signal-bell &, con-
denser ¢, transmitter #, and receiver 7, the
bell and condenser being in permanent bridge
of the two line-limbs and the receiver and
transmitter being in anormally open circuit,
which is closed upon the elevation of the
switch-hook. Although I have shown bat
one arrangement, it will be understood by

those skilled in the art that various other ar-.

rangenients of the subscriber’s apparatus may
be used, and I do not confine myself to the
particular arrangement illustrated. Under
normal conditions the receiver being upon its
switch-hook the condenser ¢ prevents a nor-
mal flow of current from the battery C at the
central office over the telephone-line.  When,
however, the subscriber removes his tele-
phone from its hook, thus establishing a rela-
tively low resistance path for the flow of cur-
rent through the transmitter z and receiver
7, the signal-controlling relay 4 at the central
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office will be energized by the flow of current
from the said battery through the winding
of relay 4, anvil 50, and armature 9 of the
cut-off relay 3; over limb 1 of the telephone-
line, through the substation, back to the cen-
tral office over limb 2, through armature 8
and anvil 51 of relay 3 to the return side of

the said battery C. This energization of re-

lay 4 closes the local circuit of the calling-
lamp 5, causing its illumination and indicat-
ing to the operator that the subscriber has
removed his telephone from its hook for the
purpose of makinga call. It will be noticed
that winding 7 of relay 3 is at this time short-
circuited by the contact between anvil 51 and
armature 8 and that winding 6 is included in
the circuit of the line-limb, which normally
stands open at the sleeve contact-piece of the
spring - jacks 10. Xach subscriber’s line is
provided with one or more spring-jacks, each
having contact-pieces connected thereto, and
each operator is provided with cord-circuits
adapted to unite the lines for conversation.
On observing the calling-signal the operator
will insert the left-hand or answering plug P

-of the cord-circuit into a spring-jack of the

line corresponding to the calling-signal, thus
causing the tip and sleeve contact-pieces of
the plug to engage, respectively, with corre-
sponding contact-pieces of the spring-jack.
The sleeve contact - pieces of the plug and
spring-jack complete a new circuit for the
flow of current from battery C, which may
be traced as follows: through conductor 52,
winding 20 of relay 16, strand 14, wire 53,
winding 6 of relay 8, armature 8, and anvil
51 to the grounded pole of the battery. This
flow of current will cause the operation of
relay 3, causing it to break the normal cir-
cuit of relay 4 at anvil 50 and armature 9,
thereby extinguishing the calling - lamp 5.
Also the attraction of armature 8 first dis-
engages anvil 51, thus removing the short
cirenit from winding 7 of the relay 8 and
allowing its energizing-current to now flow
throungh both windings. The continued at-
traction of armature 8 causes it to engage
anvil 11, thus short-circuiting winding 6; but
the current which now flows through winding
7 maintains the energization of the relay
as long as the plug P is in the spring-jack.
Under normal conditions—namely, when the
receiver at the substation is upon its switch-
hook—the current which flows over the path
including winding 20 of relay 16, whicl is
established by the insertion of a plug into the
spring-jack and includes the winding or wind-
ings of relay 3, suffices to cause the partial
attraction of armature 24 of relay 16, bring-
ing it into engagement with spring 26, caus-
ing the illumination of supervisory lamp 22
by current flowing from battery C through
conductor 52, lamp 22, anvil 28, spring 26,

‘armature 24, and conductor 54 to the ground-

_ed pole of the battery. The current-low at
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this time is therefore limited by the resist-
ance of the windings of the relay 8. When
the receiver is removed from its switch-hook,
another path for current-flow through wind-
ing 20 is thus established, which includes
limbs 1 and 2 of the line, the substation re-
ceiver and transmitter, tip contact-pieces of
the spring-jack and plug, strand 12, winding
18 of relay 16, and conductor 54, which is
connected to the grounded pole of the battery
C. Theincreased energization of relay 16 due
to the increase in current through winding
20 or to the energizing effect of the current
through winding 18, or to both, causes the fur-
ther attraction of armature 24, breaking the
circuit of lamp 22 at anvil 28 and spring 26,
causing the extinguishmentof thelamp. Con-
densers ¢ ' unite strands 12 and 13 and
strands 14 and 15 of the cord-circuit, allow-
ing the operator to converse with the calling
subseriber at this time and to allow conver-
sation between the two subseribers when the
connection has been established. The oper-
ator actuates her listening-key levers % %, thus
cutting her telephone S into the conversation-
circnit, and having determined from the call-
ing subscriber the number of the subscriber
desired, as B, touches the tip contact-piece of
the right-hand or calling plug O to the sleeve
contact-piece, which also constitutes a test-
ing-terminal of the spring-jack of the line
wanted. If the line be busy, this testing-ter-
minal will have a potential different from
that of the ground or common terminal of
the battery C, and a flow of current will re-
sult from said battery to tip- strands 13
through winding 19 of relay 17 and thence by
conductor 54 to the return side of battery C
in the well-known manner. This flow of cur-
rent will alter the potential at the terminals of
condenser ¢, and thereby cause the click in the
operator’s receiver, which indicates that the
line is busy. Should,however,the desired line
beidle,the testing-terminal of the line will be at
the potential of the earth or return pole of the
battery C regardless of any extraneous cur-
rents or disturbances upon the line-limbs on
account of the normally closed contact between
armature 8 and anvil 51 of relay 3. It will be
well understood that this normal connection
completes_a circuit from the central - office
ground at battery C to that side of winding 6
whichis connected to limb 2, and thereby nor-
mally short-circuits any current which might
be present in the outside wire of limb 2 and
prevents such current from altering the nor-
mal electrical condition of the sleeve contact-
pieces or testing-terminalsassociated with that
line-limb. Under this normal condition the
testing-terminal and plug-tip would be at the
same potential and no current will low when
they are brought in contact.

The operator’

would thus hear no click, would know that the -
lesired line was idle, would insert the right-
hand plug O into the spring-jack of the desired

line, and actuate the ringing-key levers ¢ ¢ to
include the calling-generator G- in circuit with
the calling-bell 4 at the subscriber’s station,
thus causing the desired subscriber’s bell to
ring. During the actuation of the ringing-

key levers relay 38 is energized by current

from battery D, through resistance 48 and
strand 15, in a manner the same as in case of
the insertion of the answering-plug already
described. Upon the restoration of the ring-
ing-key the circuit is established through
winding 21 of relay 17 and through relay 3

similar to those described with relation to re-
lay 16, the relays 17 and 3 operating in a man-
ner similar to that already described in con-
nection with the line of subscriber A. Both
subscribers are now in conversation with each
other through the cord-strands 12 13 and 14
15, which include the condensers ¢ &, their
transmitters being energized by current from
battery C through the windings of relays 16
and 17 over their respective line-circuits. In
this system the windings of relays 16 and 17
are of comparatively low resistance compared
with the resistance of winding 7 of relays 3,

thus providing for the proper distribution of
the talking-current. As soon as either sub-
scriber replaces his telephone upon its hook
the corresponding relay 16 or 17 is partially
deénergized, thus allowing the completion of
the circuit of lamp 22 or 23 by means of the
engagement of spring 26 or 27 with its corre-
sponding anvil, causing the illumination of
the lamp. - “When both subscribers have re-
placed their telephones upon their hooks, both
of the said supervisory lamps will be illumi-
nated, thus indicating to the operator that dis-
connection is desired. Upon withdrawing the
plugs from the spring-jacks the interruption
of all current through relays 16 and 17 and-
their consequent complete desnergization al-.
lows their armatures to return to their nor-
mal positions, extinguishing both lamps.

While relays 3 are indicated as having two ar-
matures 8 and 9, it will be understood in this
and the following drawings that the relay-
armatures and their associated contacts or an-
vils are simply diagrammatic illustrations of
the switching mechanism controlled by the re-
lay-magnet and do not refer to any particular
mechanical -construction. It will be under-

stood by thoseskilled in the art that the switch-

*ing mechanism of the relay might be con-

trolled by a single armature or two arma-
tures or in any other convenient manner and
that this is also true of the diagrammatic illus-
tration of relays 16 and 17 in the cord-cireuit.

In Fig. 2 is indicated cord connecting ap-
paratus adapted for association with the line-
circnit apparatus of Fig. 1, differing from that
previously described in that the circuits of the
supervisory lamps are controlled by two re-
lays for each lamp, rather than by a single
relay adapted to two separate degrees of en-
ergization, and differs alsoin the arrangement
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. of the testing-circuit. When a subscriber,
as that of line A, calls, the insertion of the
answering-plug P completes a circuit from
battery C' through relay 30, strand 14, con-
ductor 53, and relay 3, causing relay 3 to op-
erate in the manner previously described in
connection with Fig. 1. The energization of
relay 30 by current flowing through this cir-

cuit would cause the illumination of lamp 22
" were its circuit not open at relay 32 on ac-
count of the energization of relay 32 by cur-
rent flowing through the substation appara-
tus and the two line-limbs. When the sub-
scriber replaces his receiver, the circuit of
relay 32 being thus interrupted, its armature
closes the local circuit of lamp 22, causing its
illumination. In making a busy test, if the
line tested be in use current will flow from

its associated sleeve-contact or testing-termi- -

nal through strand 13, armature 55 of relay
31, and its associated anvil 56 to test-relay 34
and ground or office réturn. Relay 34 being
thus energized will complete a circuit of bat-
tery C° through winding 85 of the operator’s
induction-coil and produce the click which in-
dicates that the line is busy. The subscriber
is called, as in Fig. 1, and the restoration of
the ringing-key lever completes a circuit of
battery C? through relay 31, strand 15, con-
ductor 55, and relay 3, causing the energiza-
tion of both relays. . Relay 3 operates in the
manner previously described and relay 31 op-
erates to close the circuit of the supervisory
lamp 23 to disconnect the test-relay 34 at anvil
56 and to complete the circuit of strand 13
through the engagement of armature 55 with
anvil 57, this contact subsequently remaining
closed as long as the plug O is in the spring-
jack. VVhen the called subscriber answers,
current then flows through the two line- hmbs
-and substation apparatus, strand 13, and re-
lay 33, energizing relay 33, which by its con-
tacts opens the circuit of supervisory lamp 23,
extinguishing it. The two subscribers are
now united for conversation as in the system
of Fig. 1, current, however, being furnished
to the transmitter of the calling subscriber
from battery C' and to that of the called sub-
seriber from battery C*, and the windings of
relays 30, 31, 32, and 33 are of comparatively
low resistance as compared with that of wind-
ing 7 of relay 3 of the lines in order to se-
cure the proper distribution of current.

Fig. 3 illustrates another arrangement of
cord connecting apparatus adapted for asso-
ciation with the line-circuit apparatus of Fig.
1 and ditffers from that of Fig. 2 only in re-
gard to the busy-test arrangement and in re-
gard to the battery connections of the cord-
relays. When this cord-circuit of Fig:. 3 is
associated with the line-circuit of Fig. 1, the
winding of relay 32 and winding 7 of relay 3
of the line would both be of relatively low
resistance, as compared with the windings of
relay 80 or 36, in order to secure the proper
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distribution of current to the substation-trans-
mitter. Upon the insertion of a plug a cir-
cuit from battery Cwill be completed through
relay 30 and through the windings of Iehv
causing the two Ielays to operate, as pre-
viously described; but when the subscriber
removes his receiver from its switch-hook
current will then also flow from bhatrery C
through relay 32, the two line-limbs, and the
substation apparatus, returning to the ground-
ed side of the battery C through winding 7 of
relay 3. This is a case, therefore, in which
the current which supplies the substation-
transmitter is fed to the line through cord-
relay 32 and a winding of the cut-off relay 3
rather than through the two cord-relays. Re-
ferring to the busy test of the cord-circuit
apparatus of this figure, it will be noticed that
relay 33 is normally disconnected from tip-
strand 13 of the cord and that the operator’s
set S is provided with an induction-coil wind-
ing 385, constituting an earth connection for
strand 13 and the operator’s receiver. If the
line tested is idle, its testing-terminal being
connected directly to ground, no current will
flow through this winding 35; but if the line
be busy the current will low through strand
18, receiver #', and winding 35 to ground,
causing the customary click. It will be un-
derstood that this winding 85 may have suffi-
cient resistance and impedance to prevent un-
due interference with any conversation which
may be taking place in the circuit of a line
tested, and this will also hold good with re-
gard-to the winding of relay 34 in the cord-
circuitarrangement of Fig. 2. When the plug
O of Tig. 3 15 inserted into the called line, a
circuit for relay 386 being thus completed
through conductor 53 and the windings of re-
lay 8 of the line, the action of relay 36 brings
relay 83 into connection with strand 13 of the
cord, maintaining this connection as long as
the plug remains in the jack, and also con-
trols the circuit of the supervisory lfunp ina
manner similar to relay 30.

Fig. 4 indicates an alternative arrangement
of the line-circuit apparatus of Fig. 1 and
differs from it only in that winding 6 of re-
lay 8 is opened after being short-circuited,
and the two windings of the relay may con-
sequently in this arrangement be arranged
concentrically upon the magnet-core, if de-
sired, rather than upon separate ends, as in-
dicated in Fig. 1. When the subseriber calls,
the circuit of battery Cis completed, through
relay 4, limb 1, transmitter and receiver,
limb 2, armature 39 and anvil 41, to the
grounded or return side of the battery, ener-
gizing relay 4 and causing the illumination
of lamp 5. Upon the insertion of a plug cur-

rent being supplied to winding 6 through

conductor 53 causes the relay to operale as
“follows: Armature 39 first disengages anvil
41, thus allowing current to flow through
winding 7 as well, engages spring 40, thus
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short-circuiting winding 6, and the relay be-
ing now energized by current through wind-
ing 7 the final movement of the armature dis-
engages armature 39 from spring 38, thus
opening the circuit of winding 6. The cir-
cuit of relay 4 has also been opened at arma-
ture 9 and anvil 50 and the lamp extinguished,
and a direct circuit now exists between limb
2 and the sleeve-contact of the jacks 10,which
includes armature 39 and spring 40. The re-
lay operates in a similar manner when cur-
rent is supplied to conductor 53 through the
actuation of the ringing-key or when the op-
erator plugs in to answer a subscriber, as will
be well understood from the previous descrip-
tions.

In Fig. 5 is illustrated a line-circuit ar-
rangement embodying a modification of my
invention, which differs from that of Fig. 1
in that the cut-off relay 8 has its windings as-
sociated with that line-limb which is connect-
ed to the tip contact-piece of the spring-jacks
rather than the sleeve-contact and in that the
sleeve contact-piece or testing-terminal of the
jacks is normally disconnected from the line-
circuit, and therefore does not require the
normal ground econnection shown in Figs. 1
and 4.

Fig. 6illustrates a cord-circuit arrangement
adapted to cosperate with the line-circuit ar-
rangement of Fig. 5, and it is to be under-
stood that other cord -ecircuits are equally
adaptable thereto. When a calling-plug P is
inserted into a jack 10, current flows from
battery C, through relay 45 and strand 12,
through winding 6 of relay 8, to the return
side of the battery, energizing both relays.
The actuation of relay 3 breaks the normal
short circuit of winding 7 and then short-cir-
cuits windings 6, as in the other systems
shown, and also disconnects the line-relay 4
from the line-limb and closes the circuit of
limb. 1 to the sleeve contact-pieces of the
jacks 10. Current is now furnished to the
subscriber’s line through impedance-coil 44
and relay 32, thence through limb 1, and, the
receiver being removed, through the substa-
tion apparatus, limb 2, and winding 7 of re-
lay 3, and this current also serves to ener-
gize relay 3 as long as the receiver is re-
moved from its switch-hook and the plug P
remains in the spring-jack. The operator
now actuates her listening-key, obtains the
number of the line. desired, and makes the
customary busy test. It will be observed
that upon the depression of the ringing-key
lever £’ the circuit of relay 45 is opened at
the upper contact of the lever and that if at
this time the line tested is found to be busy
current will flow through tip-strand 13, ar-
mature 47, and induction-coil winding 85 to
ground, giving the customary click. When
the operator releases her ringing-key and
proceeds to call the desired subscriber, the
circuit of relay 45 is again resstablished and

B

armature 47 is brought into engagement with
contact 60, thus completing the circuit of
strands 12 and 138, and armature 48, engag-
ing its contact, completes the local circuit

. for the supervisory lamps 22 and 23. The

operation of relay 8 during the application of
the calling-current to the line will be readily
understood from the foregoing descriptions,
as well as its operation by current flowing
through relay 45 upon the restoration of the
ringing -key. When the called subscriber
answers, current is supplied to his line
through the winding of relay 38, finding its
path to the return side of the battery through
winding 7 of relay 8, associated with that
line, and the current through relays 82 or 33
serves to control the circuit of the supervi-
sory lamps in the well-known manner. The
two subscribers are now connected for con-
versation, and their conversational circuit in-
cludesthe condensers @”in bridge of the wind-
ings of relays 32 and 38, and current is fur-
nished to the two lines through the impedance
44, which is common to both. If the oper-
ator actuates her listening-key while conver-
sation is in progress, the connection between
strands 12 and 13 will be broken at the up-
per contact of lever £'; but the conversa-
tional circuit will then be maintained by the
condenser 486, as is readily apparent. It will
also be understood that at this time relay 3
of the line called will have its energization
maintained by current from battery C,
through relay 45, contact 60, armature 47,

‘and strand 13, and that relay 3, associated

with the calling-line, will be energized by cur-
rent flowing through relay 32 and the two
line-limbs. The resistance of relay-winding
45 is made relatively high in this arrange-
ment as compared with that of windings 7
and impedance 44 in order to secure the
proper distribution of current, and it will be
understood that other means than the con- -
densers @* may be employed for preventing
the ordinary impedance of the windings of re-
lays 32 and 33 from interfering with the rap-
idly-alternating telephonic currents.

The line-cireuit arrangement of Fig. 7 dif-
fers principally from that of Fig. 1, in that
the normally open winding 6 of the relay 3 is
associated with the opposite limb of the line
from that with which the normally short-cir-
cuited winding 7 is connected. It also differs
in that the arrangement of relay-contacts is
such that the normal connection of armature 8
with its anvil will be positively broken before
the corresponding connection of armature 9 is
broken, as is indicated by the spring 72 and
stop 78. This line-circuit arrangement is
adapted for association with the cord-circuit
arrangement of Fig. 2, and when so associated

its operation is as follows: The subscriber A

calls in the usual manner, completing a cir-
cuit of battery C through relay 4, contact-
spring 72, armature 9, limbs 1 and 2 of the
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line, anvil 74, and armature 8, to the ground
or return side of the battery, causing the illu-
mination of the line-signal lamp 5, but pro-
ducing no effect upon the cut-off relay 3.
Upon the insertion of an answering-plug a
circuit of battery C is closed, which may be
traced as follows: through relay 4, spring 72,
armature 9, winding 6, tip contact-pieces of

spring-jacks 10 and plug I, strand 12 and re--

lay 32, thence to the ground or common re-
turn of the exchange. Thiscurrent causes an
initial movement of the relay -armatures,
which first brings armature 8 out of engage-
ment with anvil 74, thus removing the short
circuit and allowing current from battery C'
to flow through relay 30, strand 14, the sleeve
contact-pieces of the plug and spring-jack,
through winding 7 of relay 8 to the return
side of the battery. It will be seen that at
this time the spring 72 follows the movement
of armature 9 until it engages stop 73. The
further actuation of the relay-contacts disen-
gages armature 9 from spring 72, causing it
toengage anvil 75, thus short-circuiting wind-
ing 6, the relay then being wholly energized
by current through winding 7 and the sub-
scriber’s transmitter being energized by cur-
rent from battery C' flowing through relays
30 and 32 of the cord-circuit. In calling sub-
scriber A the operator secures the busy test
in the ordinary way, the sleeve contact-pieces
of the spring-jacks 10 being normally at the
potential of the central-office return, the po-
tential being raised upon the insertion of a

connecting-plug by current from battery C'

or C* through relay 30 or 31, as the case may
be. In ringing the cut-off relay 3 is initially
energized by current from generator G
through winding 6; but, as will be readily
seen, after this initial energization current
from battery D, through winding 7, will main-
tain the energization during the process of
ringing. After the restoration of the ring-
ing-key current from battery C*through relay
31, strand 15, anvil 74, and armature 8 will
cause the energization of relay 81, completing
the circuit of strand 13 at armature 55 and
anvil 57, after which time the operation of the
cut-off relay 3 will be the same as described
when the operator is answering a call. The
operation of the supervisory signals of the
cord-circuit is the same as that previously de-
seribed for Fig. 2 and will be, theretore,
clearly understood.

The line-circuit arrangement of Fig. 8 dif-
fers from that of Hig. 7, in that the normally
open winding 6 of cut-off relay 3 is associated
with the sleeve side of the line, and conse-
quentlywith the testing-terminalof the spring-
jack, the normally short-circuited winding 7
being connected with the opposite line-limb.
It also differs in that the extinguishment of
the line-lampsignalissecured by short-circuit-
ing the winding of line-relay 4 rather than by
opening its circuit. 1t isadapted for associa-
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| tion with the cord-circuit arrangement of Fig.

1; but when this cord-circuit is used in con-
nection with Fig. 8 the connections of the
ringing-generator G should be similar to
those indicated in Fig. 11, the ground being
shifted to the tip side of the generator and
the battery D being omitted. The protective
resistance 43 may or may not be employed,
as desired. The subscriber calls, as usual, by
removing his receiver, thus closing a circuit
of battery C through conductor 79, anvil 74,
armature 8, relay 4, limbs 1 and 2, armature
9, and spring 72 to the return side of the bat-
tery. Upon the insertion of the answering-
plug cireuit is first completed from battery C
of Fig. 1 through conductor 52, winding 20
of relay 16, strand 14, sleeve-contact of the
plug and spring-jack, winding 6, armature 9,
and contact 72 to the return side of the bat-
tery. This current causes an initial actuation
of relay 3, and armature 8 first disengages
anvil 74, thus bringing winding 7 into circuit.
Current then flows from battery C of Fig. 8
through winding 7, relay 4, limbs 1 and 2 of
the line to the return side of the battery and
also through limb 1 to the tip contact-pieces
of the spring-jacks 10, and thence to strand
12 and winding 18 of relay 16 to the office-
return through conductor 54. The further
movement of the relay-armatures causes ar-
mature 9 to disengage spring 72, thus breaking
the normal earth connection of limb 2 and
to engage anvil 75, thus short-cireuniting wind-
ing 6. Armature 8 also at this time engages
anvil 76, thus short-circuiting the winding of
relay 4 and extinguishing the calling-lamp 5.
Current is now supplied to the substation-
transmitter through winding 20 of relay 16 in
the cord-circuit and reaches the return side
of the battery through winding 18 of the same
relay, while a circuit for winding 7 is pro-
vided from battery Cof Fig. 8 through arma-
ture 8, anvil 76, strand 12 of the cord-circuit,
and winding 18 of the relay 16. The relay
16 is thus fully energized and supervisory
lamp 22 not illuminated. When the sub-
scriber replaces his receiver upon its switch-
hook, thus opening the circuit of limbs 1 and
2, the relay 16 is then only energized by cur-
rent flowing through the last-mentioned cir-
cuit, and its contacts assume their interme-

| diate position, causing lamp 22 to become

lighted. In calling subsecriber A the oper-
ator tests in the usual way, the sleeve contact-
pieces of jacks 10 being normally at the po-
tential of .the office-return, their potential
being raised upon the insertion of a connect-
ing-plug. Upon the actuation of the ringing-
key, the generator connections being those of
Fig. 11, the cut-off relay 3 is initially actu-
ated by current from generator G through
winding 6; but as soon as armature 8 disen-
oages anvil T4 current will flow from battery
C of Fig. 8 through winding 7, tip contact-
pieces of the spring-jack and plug and strand
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13 to the office-return, causing the complete
actuation of the relay to remove the normal
ground from limb 2 to short-circuit winding
6 and to short-circuit the winding of relay 4,
thus preventing the display of calling-signal
o\and plomdm an unobstructed path for
ringing-current over limbs 1 and 2. After

the restoration of the ringing-key the further

operation is similar to that deseribed when
answering a subscriber and will be clearly un-
derstood.

The structure of ig. 9 differs from thoqe of
the preceding figures in that the windings of
relay 3are arranged concentrically and in that
the normally short-circuited winding 7 is seri-
ally included in the line-limb after the actua-
tion of the cut-off relay and in other respects
which willappear from thisdescription. Itis
adapted for association with the cord-circuit of
Fig. 3 and operates as follows: Thesubscriber
A calls in the usual manner, completing a cir-
cuit of battery C through relay 4, armature
8, anvil 74, limbs 1 and 2, and impedance 71
to the return side of the battery, thus ener-
gizing relay 4 and lighting the calhn(r-ldmp
5. Upon the insertion of the answering-plug
P current will flow from battery C of Tw 3
through relay 32, strand 12, plug and ]‘LClx
contacts, winding 6 of relay 3, armature 8,
anvil 74, limbs 1 and 2, and- impedance 71.
This current will energize relay 3, extinguish-
ing lamp 5 by opening its local circuit at ar-
matbure 9 and anvil 77. Upon the disengage-
ment of armature 8 from anvil 74 the current
through relay 82 will then flow through both
Wlndmos of the relay 3, and current “of bat-
tery C of Fig. 9 will continue to flow through
relay 4 and winding 7, and upon the engage-
ment of armature 8 wwh anvil 76 Wmdmw 6
becomes short-circuited, the relay then bemcr
energized by ¢urrent ﬁowmo through rehys
32 and 4, through wmdmcr T, and thence
through limbs 1 and 2 and 1mpedance 71 to
the office-return. Under this condition it wiil
be seen that while winding 7 is serially in-
cluded in the line-limb it presents no objec-
tionableinterference to voice-currents, for the
reason that its associated concentric \Vlnchn(r
6 is short-circuited. Tt will also be seen that
upon the insertion of an answering or a call-
mng Dluo relay 30 or 36 of the coxd circuit of
}Jlo 3 \V]ll be energized by current flowing
from battery C ot tlmt figure through stmnd
14 or 15 of the cord-circuit, the correspond-
ing contact-pieces of the plucr and-spring-jack
And impedance 71 to the return side of the
battery, thus controlling the local circuit of
the supervisory lamps and the connection of
relay 33 to strand 13 in the manner previ-
ously described for this cord-circuit. The
insertion of a connecting-plug into a spring-

Jjack raises the potential of the sleeve or test-
1ng contact, and the busy test is secured in
the well-known manner. In considering the

operation of the apparatus when calling a sub-

g

scriber it will be understood that the battery
D and resistance 43 (shown in Fig. 3) would
be unnecessary and therefore omltted when
this cord-circuit is used in combination with
the line structure of Fig. 9. Upon the actua-
tion of the ringing-key current will flow
through strand 13, Wmdlno~ 6, causing a par-
tial or complete energization of the I(,LlV and
then through wmdmw 7 and limbs 1 and 2 of
the line to the return side of the generator,
the partial or complete energization of relay
3 preventing the display of lamp-signal 5,
which might otherwise occur through an en-
ergization of relay 4, due to the connection
of the ringing-generator G to the line-limb.
Upon the restoration of the ringing-key the
switching mechanism of relay 3 returns to its
normal position but when the subscriber re-

"moves his receiver current flowing through

relays 32 and 4 over the line- hmbs will cause
the initial and complete actuation of relay 3,
as upon the insertion of an answering-plug.

Figs. 10 and 11 illustrate a line-circuit ar-
rangement with appropriate cord connecting
apparatus differing from that of the pr ecedmo
figures in that the windings of both relays are
assocmted with the tip side of the line-circuit
and operates as follows: When subscriber A
calls, the circuit of battery C is completed
through anvil 74, armature 8, relay 4, limbs
1 and 2, armature 9, and anvil 77.  Upon the
insertion of an answering-plug P the relay
3 is initially actuated by current from bat-
tery C through anvil 74, armature 8, wind-
ing 7, strand 12 and relay 30. Upon the dis-
engagement of armature 8 from anvil 74 cur-
rent will flow through winding 6 as well, and
upon the engagement of armature 8 WIth an-
vil 76 and anvil 78 the relay will be entirely
energized by current through winding 6, wind-
ing 7 will be short- mrcmt@d by means of an-
vil 76, and relay 4 will be short-circuited by
means of anvil 78. At the same time armature
9 has disengaged anvil 77 and engaged anvil
75, thos breakm@ the normal 01'ound of limb

and completmg the circuit of limb 2 to the
sleeve contact-pieces of the spring-jack and
plug, thence through strand 14 and relay 32.
The short-circuiting of relay 4 causes the ex-
tinguishment of line-lamp 5, and current will
be furnished to the substation - transmitter
through winding 6 and relay 32, while the cir-
cuit of thesupervisory lamp will be controlled
at relay 80 by means of current flowing
through this same winding 6. The sleeve-con-
tact or testing terminal of the spring-jack he-
ing normally disconnected and being connect-
ed toearth or office return upon the insertion
of a plug, the manner of securing a busy test
will be understood without further descrip-
tion. When ringing a subscriber, relay 3 is
energized by current from battery C flowing
first through anvil 74, armature 8, and wind-
ing 7, to strand 13, and the office-return as-
sociated with the generator - circuit, subse-
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quently flowing through winding 6 and 7, and
finally through winding 6, armature 8, and
anvil 76, thus preventing the false illumina-
tion of signal-lamp 5 and completing the cir-
cuib of limb 2 through armature 9 and anvil
5 to the sleeve-terminal of the spring-jacks.
After the restoration of the ringing-key the
operation of the -line and cord circuit appara-
tus is similar to that deseribed during the use
of the answering-plug and needs no further
description.

While various separate batteries C, ', C°,
and D are indicated in the several drawings,
it will be understood that these may be one
and the same battery, and also that the sev-
eral grounds shown are or may be the office-
return associated with the grounded side of
the central battery. '

In its broader phases my invention con-
templates, first, a structure in which the dis-
play of the calling - signal is prevented by
means of an electromagnet having two wind-
ings, one normally short-circuited, but adapt-
ed to be brought into circuit with the line
when the short-circuit is removed, and the
other normally included in that portion of the
line-circuit extending to the spring-jack and
adapted to be excluded therefrom, together
with means whereby the connection of cord-
circnit apparatus to the spring-jack energizes
the electromagnet, and mechanism actuated
by such energization adapted to remove the
short-circuit, to exclude the said other wind-
ing, and to destroy the substation control of
the calling-signal. Secondly, my invention
contemplates the use in a two-wire central-
battery telephone-exchange system of a nor-
mal earth connection substantially devoid of
resistance and impedance from that line-limb
connected with the testing-terminal,and there-
fore adapted to prevent extraneous currents
in the line-limb from altering the electrical
condition of said terminal, in association with
means whereby the connection of the cord-
circuit apparatus with a spring-jack of the
line causes the removal of this normal earth
connection.

Wherever the phrase ‘‘effective difference
in electrical potential ” or ** effective difference
in potential” is employed in the following
claims, it is to be understood as meaning a
difference of potential sufficient to cause a
flow of current adapted to operate the test-
receiving instrument or operator’s testing in-
strument.

It will be understood by those skilled in the
art that various modifications of my invention
may be made differing from those illustrated
without departing from its spirit, and I there-
fore do not limit myself to the precise struc-
tures shown and described; but

I claim—

1. Inatelephone-exchangesystem, the com-
bination with a telephone-line connecting a
substation with the central office and provided
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with a plurality of switching-terminals there-
at, a source of current at the central office, a
testing-contact for each of said switching-ter-
minals, an operator’s testing instrument pro-
vided with a testing-terminal having normally
no effective difference in potential from that
of the normal potential of the said testing-
contacts, a magnet and an associated line-sig-
nal normally under the control of the sub-
scriber, an electromagnet having two ener-
gizing-windings the first winding being nor-
mally short-circuited and the second winding
being normally included in circuit with one
limb of the line, means under the control of
the operator for causing the energization ot
the electromagnet and switching mechanism
associated with said electromagnet adapted
upon its energization to remove the said sec-
ond winding from the direct line-circuit.

2. Inatelephone-exchangesystem, the com-
bination with a telephone-line connecting a
substation with the central office and provided
thereat with a plurality of switching-termi-
nals, a source of current at the central office,
a testing-contact for each of said switching-
terminals, an operator’s testing-terminal hav-
ing normally no effective difference in elec-
trical potential from that of the normal po-
tential of the said testing-contacts, a test-re-
celving instrument adapted to respond to an
effective difference of potential between the
said testing-terminal and testing-contacts pro-
duced through the establishment of a connec-
tion with said line, & magnet and an associ-
ated line-signal normally under the control
of the subscriber, an electromagnet having
two energizing-windings the first winding be-
ing normally short-circuited and the second
winding being normally connected with one
limb of the line in a circuit not under control
of the subscriber, means under control of the
operator for causing the energization of the
electromagnet and switching mechanism asso-
ciated with said electromagnet adapted upon
its energization to include the said first wind-
ing in branch circuit of the line.

3. Inatelephone-exchangesystem, the com-
bination with a telephone-line connecting a
substation with the central office and provided
thereat with a plurality of switching-termi-
nals, a source of current at the central office,
a testing-contact for each of said switching-
terminals, an operator’s testing-terminal hav-
ing normally no effective difference in elec-
trical potential from thatof the normal poten-
tial of the said testing-contacts, a test-receiv-
inginstrumentadapted torespond to an effect-
ive difference of potential between the said
testing-terminal and testing-contacts produced
through the establishment of a connection
with said line, a magnet and anassociated line-
signal normally under the control of the sub-
scriber, an electromagnet having two ener-
gizing-windings the first winding being nor-
mally short-circuited and the second winding
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being normally included in circuit with one
limb of the line, means under the control of
the operator for causing the energization of
the electromagnet and smtchmw mechfmlsm
associated with said electromagnet adapted
upon its energization to remove the said sec-
ond winding from the direct line-circuit and
to include the said first winding in branch
circuit of the line.

4. Inatelephone- exchanoesystem the com-
bination with a telephone - line connecting a
substation with the central office and provided
with a plurality of switching-terminals there-
at, a source of current at the central office, a
testing-contact for each of said switching-ter-
minals, an operator’s testing instrument pro-
vided with a testing-terminal having normally
no effective dlﬁ”erence In potential from that
of the normal potential of the said testing-
contacts, a magnet and an associated line-sig-
nal normally under the control of the sub-
seriber, an electromagnet having two ener-
gizing-windings the first winding being nor-
mall5 short- cwcmted and the %econd wmdmd
being normally ineluded in cireuit with one
limb of the line, means under control of the
‘operator for causing the energization of the
electromagnet, switching mechanism associ-
ated with said electromagnet adapted upon
its energization to remove the said second
winding from the direct line-circuit and to
include the said first winding in branch ecir-
cuit of the line, and switching mechanism
adapted to destroy the substation control of
the line-signal.

In atelephone-exchangesystem, the com-
bmatlon with a telephone-line connecting a
substation with the central office and pr 0V1ded
thercat with a plurality of switching-termi-
nals, a source of carrent at the central office,
a testing-contact for each of said swltchmcr-
termma]s an operator’s testing-terminal ha.V
ing nor 1mlly no effective dlfferencc in elec-
trical potential from that of the normal po-
tential of the said testing-contacts, a test-re-
celving instrument ‘qupbed to respond to an

_effective difference of potential between the
said testing-terminal and testing-contacts pro-
duced LhroLwh the establishment of a connec-
tion with said line, a magunet and an associ-
ated line-signal normally under the control of
the subscnber, an electromagnet having two
energizing-windings the first winding bean"
normally Qhort circuited and the second wind-
ing being normally included in direct circuit
of the line between the source of current and
the switching-terminals, means under control
of the operator for causing the energization
ot the electromagnet and S\VltCllan‘ mech‘m-
ism associated Wlth said’ elecbroma@net adapt-
ed upon its energization to remove the said
second winding from the direct line-eircuit.

6. In atelophone -exchange system, the com-
bination with a telephone-line connecting a
substation with the central office and promded

O

with a plurality of switching-terminals there-
ab, a source of current at the central office, a
testing-contact for each of said switching-tér-
mmals, an operator’s testing instrument pro-
vided with a testing- terminal having normally
no effective difference in potential from that
of the normal potential of the said testing-
contacts, a magnet and an associated line-sig-
nal normally under the control of the sub-
scriber, an electromagnet having two ener-
gizing-windings the first winding being nor-
mally short-circuited and the second winding
being normally connected with the line be-
tweenaline-limband theswitching-terminals,
means under control of the operator for caus-
ing the energization of the electromagnet and
switching mechanism associated with said
electromagnet adapted upon its energization
to include the said first winding in branch cir-
cuit of the line.

7. Inatelephone-exchange system, the com-
bination with a telephone-line connecting a
substation with the central office and provided
thereat with a plurality of switching-termi-
nals, a source of current at the central office,
a testing-contact for each of said switching-
terminals, an operator’s testing-terminal hav-
ing normally no effective difference in elec-

trical potential from that of the normal po-

tential of the said testing-contacts, a test-re-
ceiving instrument adapted to respond to an
effective difference of potential between the
said testing-terminal and testing-contacts pro-
duced through the establishment of a connec-
tion with said line, a magnetand an-associated
line-signal normally under the control of the
subscriber, an electromagnet having two en-
ergizing-windings the first winding being nor-
mally short-cireuited and the second winding
being normally included in direct circuit of the
line between the source of current and the
switching-terminals, means under control of
the operator for causing the energization of
the electromagnet and switching mechanism
associated with said electromagnet adapted
upon its energization to remove the said sec-
ond from the direct line-cireuit and to include
the said first winding in branch circuit of the
line.

8. Inatelephone-exchangesystem, the com-
bination with a telephone-line connecting a
substation with the central office and provided
with a plurality of switching-terminalsthereat,
a source of current at the central office, a test-
ing-contact for each of said switching-termi-
nals, an operator’s testing instrument pro-
vided witha testing-terminal having normally
no effective difference in potential from that
ot the normal potential of the said testing-con-
tacts, a magnet and an associated line-signal
normally under the control of the subseriber,
anelectromagnethaving two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in direct circuit of the. line be-
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tween the source of current and the switch-
ing-terminals, means under control of the op-
erator for causing the energization of the
electromagnet, switching mechanism associ-
ated with said electromagnet adapted upon
its energization to remove the said second
winding from the direct line-circuit and to
include the said first winding in branch eir-
cuit of the line, and switching mechanism
adapted to destroy theé substation control of
the line-signal.

9. Inatelephone-exchangesystem,the com-
bination with a telephone-line connecting a
substation with the central office and provided
thereat with a plurality of switching-termi-
nals, a source of current at the central office,
a testing - contact for each of said switch-
ing-terminals, an operator’s testing-terminal
having normally no effective difference in
electrical potential from that of the normal
potential of the said testing-contacts, a test-
receiving instrument adapted to respond to
an effective difference of potential between
the said testing-terminal and testing-contacts
produced through the establishment of a con-
nection with said line, a magnet and an asso-
ciated line-signal normally under the control
of the subscriber, an electromagnet having
two energizing-windings the first winding be-
ing normally short-circuited and the second
winding being normally included in that por-
tion of the line-circuit extending to the switch-
ing-terminals, means under control of the op-
erator for causing the energization of the
electromagnet and switching mechanism as-
sociated with said electromagnet adapted upon
its energization to remove the said second
winding from the direct line-circuit.

"10. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat normally not connected to said line for
conversation, a source of current at the cen-
tral office, a testing-contact for each of said
switching-terminals, an operator’s testing in-
strument provided with a testing-terminal
having normally no effective difference in po-
tential from that of the normal potential of
the said testing-contacts, a magnet and an as-
sociated line-signal normally under the con-
trol of the subscriber, an electromagnet hav-
ing two energizing-windings the first winding
being normally short-circuited and the second
winding being normally connected between a
line-limb and the switching-terminals, means
under control of the operator for causing the
energization of the electromagnet and switch-
ing mechanism associated with said electro-
magnet adapted upon its energization to in-
clude the said first winding in branch circuit
of the line and complete the conversational
connection of the switching-terminals to the
line. ‘

11. In a telephone-exchange system, the
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" combination with a telephone-line-connecting

a substation with the central office and pro-
vided thereat with a plurality of switching-
terminals, a source of current at the central
office, a testing-contact for each of said switch-
ing-terminals, an operator’s testing-terminal
having normally no effective difference in elec-
trical potential from that'of the normal po-
tential of the said testing-contacts, a test-re-
ceiving instrument adapted to respond to an
effective difference of potential between the
said testing-terminal and testing-contacts pro-
duced through the establishment of a connec-
tion with said line, a magnet and an associ-
ated line-signal normally under the control of
the subscriber, an electromagnet having two
energizing-windings the first winding being
normally short-circuited and the second wind-
ing being normally included in that portion
of the line-circuit extending to the switching-
terminals, means under control of the oper-
ator for causing the energization of the elec-
tromagnet and switching mechanism associ-
ated with said electromagnet adapted upon its
energization to remove the said second wind-
ing from the direct line-circuit and to include
the said first winding in branch circuit of the
line.

12. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of currentat the central office,
a testing-contact for each of said switching-
terminals, an operator’s testing instrument
provided with a testing-terminal having nor-
mally no effective difference in potential from
that of the normal potential of the said test-
ing-contacts, a magnet and an associated line-
signal normally under the control of the sub-
seriber, an electromagnet having two ener-
gizing-windings the first winding being nor-
mally short-circuited and the second winding
being normally included in that portion of the
line-cireuit extending to the switching-ter-
minals, means under control of the operator,
for causing the energization of the electro-
magnet, switching mechanism associated with
said electromagnet adapted upon its energiza-
tion to remove the said second winding from
the direct line-circuit and to include the said
first winding in branch circuit of the line, and
switching mechanism adapted to destroy the
substation control of the line-signal.

13. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided thereat with a plurality of switching-
terminals normally not connected to said line
for conversation, a source of current at the
central office, a testing -contact for each of
said switching-terminals, an operator’s test-
ing-terminal having normally no effective dif-
ference in electrical potential from that of the
normal potential of the said testing-contacts,




795,872

a test-receiving instrument adapted to respond
to an effective difference of potential between
the said testing-terminal and testing-contacts
produced through the establishment of a con-
nection with said line, a magnet and an asso-
ciated line-signal normally controlled from
the substation, an electromagnet having a
normally short-circuited winding in bridge of
the line with said-source of current and a sec-
ond winding normally connecting the line
with the switeching-terminal, a cord-circuit
terminating in a connecting - plug, means
whereby the connection of the plug with the
switching-terminal causes the energization of
the electromagnet and switching mechanism
controlled by the electromagnet adapted upon
its energization to remove the short circuit
from the first-mentioned winding and com-
plete the conversational connection of the
switching-terminals to the line.

14. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central
office, a testing - contact for each of said
switching-terminals, an operatot’s testing in-
strament provided with a testing-terminal
having normally no effective difference in po-
tential from that of the normal potential of the
said testing-contacts, a magnet and an associ-
ated line-signal, an electromagnet having a
normally short-circuited winding in bridge
of the line with said source of current and a
second winding in the direct circuit of the
line intermediate of the bridged connection
and the switching-terminal, a cord-circuit
terminating in a connecting - plug, means
whereby the connection ofthe plug with the
switching-terminal causes the energization of
the electromagnet and switching mechanism
controlled by the electromagnet adapted upon
its energization to remove the said second
winding from the direct circuit of the line.

15. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided thereat with a plurality of switching-
terminals, a source of current at the central
office, a testing-contact for cach of said
switching - terminals, an operator’s testing-
terminal having normally no effective differ-
ence in electrical potential from that of the
normal potential of the said testing-contacts,
atest-receiving instrument adapted torespond
to an effective difference of potential between
the said testing-terminal and testing-contacts
produced throngh the establishment of a con-
nection with said line, a magnet and an asso-
ciated line-signal, an electromagnet having a
normally short-circuited winding in bridge of
the line with said source of current and a sec-
ond winding in the direct circuit of the line
intermediate of the bridged connection and
the switching-terminals, a cord-circuit termi-
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nating in a connecting-plug, means whereby
the connection of the plug with the switching-
terminal causes the energization of the elec-
tromagnet and switching mechanism -con-
trolled by the electromagnet adapted upon its
energization to remove the short circuit- from
the first-mentioned winding and to remove
the said second winding from the direct cir-
cuit of the line. -

16. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central of-
fice, a testing-contact for each of said switch-
ing - terminals, an operator’s testing instru-
ment provided with a testing-terminal having
pormally no effective difference in potential
from that of the normal potential of the said
testing-contacts, a magnet and an associated
line-signal normally under the control of the
subscriber, an electromagnet having a nor-
mally short-circuited winding in bridge of the
line with said source of current and a second
winding in the direct circuit of the line inter-
mediate of the bridged connection and the
switching-terminals, a cord-circuit terminat-
ing in a connecting-plug, means whereby the
connection of the plug with the switching-
terminal causes the energization of the elec-
tromagnet, switching mechanism controlled
by the electromagnet adapted upon its ener-
gization to remove the short circuit from the
first-mentioned winding and to remove the
sald second winding from the direct circuit
of the line, and switeching mechanism adapted
to destroy the substation control of the line-
signal. )

17. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central of-
fice, a testing-contact for each of said switch-
ing-terminals, an operator’s testing instru-
ment provided with a testing-terminal having
normally no effective difference in potential
from that of the normal potential of the said
testing-contacts, a magnet and an associated
line-signal, an electromagnet having a wind-
ing in bridge of the line with said source of
current and a second winding normally con- -
necting the line with the switching-terminal,
a low-resistance connection at the central of-
fice from said source of current to that line-
limb associated with the first-mentioned wind-
ing, means under control of the operator for
causing the energization of the electromag-
net and switching mechanism controlled by
the electromagnet adapted upon its energiza-
tion to interrupt said low-resistance connec-
tion.

18. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro«
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vided thereat with a plurality of switching-
terminals, a source of current at the central
office, a magnet and an associated line-signal,
a testing-contact for each of said switching-
terminals, an operator’s testing-terminal hav-
ing normally no effective difference in elec-
trical potential from that of the normal po-
tential of the said testing-contacts, a test-re-
ceiving instrument adapted to respond to an
effective difference of potential between the
said testing-terminal and testing-contacts pro-
duced through the establishment of a connec-
tion with said line, an electromagnet having
awinding in bridge of the line with said source
of current and a second winding in direct cir-
cuit of the line intermediate of the bridged
connection and the switching-terminals, alow-
resistance connection at the central office from
said source of current to that line-limb asso-
ciated with the first-mentioned winding, means
under control of the operator for causing the
energization of the electromagnet and switch-
ing mechanism controlled by the electromag-
net adapted upon its energization to inter-
rupt said low-resistance connection and to re-
move the said second winding from the direct
circuit of the line.

19. .In a telephone-exchange system, the
combination with a telephone- hne connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central
office, a testing-contact for each of said switch-
ing-terminals, an operator’s testing instru-
ment provided with a testing-terminal having
normally no effective difference in potential
from that of the normal potential of the said
testing-contacts, a magnet and an associated
line- SJgnal normally under the control of the
subscriber, an electromagnet having a wind-
ing in bridge of the line with said source of
current and a second winding In the direct
circuit of the line intermediate of the bridged
connection and the switching-terminals, a low-
resistance connection at the‘central office from
said source of current to that line-limb asso-
ciated with the first-mentioned winding, means
under control of the operator for causing the
energization of the electromagnet and switch-
ing mechamsm controlled bv he electromag-
net adapted upon its energization to mterrupt
the said low-resistance connection and to re-
move the said second winding from the direct
circuit of the line, and switching mechanism
adapted to destroy the substatlon control of
the line-signal.

20. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central
office, a testing-contact for each of said switch-
ing-terminals, an operator’s testing instru-
ment provided with a testing-terminal having
normally no effective difference in potential
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from that of the normal potential of the said
testing-contacts, a magnet and an associated
line-signal, an electromagnet havingits wind-
ing in cireuit with a talking-contact of said
switching - terminals and source of current,
sald winding being connected to a line-limb
from its intermediate point, switching mech-
anism controlled by said electromagnet adapt-
ed to alternately complete a circuit of low re-
sistance from said intermediate point to either
end of said winding and means under control
of the operator for controlling the position of
said switching mechanism.

21. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided thereat with a plurality of switching-
terminals, a source of current at the central
office, a testing-contact for each of said switch-
ing-terminals, an operator’s testing-terminal
having normally no effective difference in
electrical potential from that of the normal
poten’cial of the said testing-contacts, a test-
receiving instrument adapted to respond to
an eﬁectlve difference of potential between
the said testing-terminal and testing-contacts
produced through the establishment of a con-
nection with said line, a magnet and an asso-
ciated line-signal, an electromacrnet having its
winding in circuit with a talkm@-contact of
said sw1tchmg terminalsand source of current,
said winding being connected to a line-limb
from its intermediate point, switching mech-
anism controlled by said electromagnet adapt-
ed to normally short-circuit one portion of
said winding and when actuated to remove said
short circult and means under control of the
operator for controlling the position of said
switching mechanism.

92. In a telephone-exchange system, the
combination with a telephone-line connecting
a substation with the central office and pro-
vided with a plurality of switching-terminals
thereat, a source of current at the central of-
fice, a testing-contact for each of said switch-
ing-terminals, an operator’s testing instru-
ment provided with a testing-terminal having
normally no effective dlffelence in potenml
from that of the normal potential of the said
testing-contacts, a magnet and an associated
line-signal, an electromagnet having its wind-
ing in circuit with a talking-contact of said
switching - terminals and source of current,
said winding being connected to a line-limb
from its intermediate point, switching mech-
anism controlled by said electromagnet adapt-
ed to normally short-circuit one portion of
said winding and when actuated to remove
said short circuit and to short-circuit the other
portion of said winding and meansunder con-
trol of the operator for controlling the posi-
tion of said switching mechanism.

23. In a telephone-exchange system, the
combination with a telephohe-line connecting
a substation with the central office and pro-
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vided thereat with a plurality of switching-
terminals, a source of current at the central
office, a testing-contact for each of said switch-
ing-terminals, an operator’s testing-terminal
having normally no effective difference in elec-
trical potential from that of the normal po-
tential of the said testing-contacts, a test-re-
ceiving instrument adapted to respond to an

effective difference of potential between the:

sald testing-terminal and testing-contacts pro-
duced through the establishment of a connec-
tion with sald line, a magnet and an associ-
ated line-signal, an electromagnet having its
winding in circuit with a talking-contact of
said switching-terminals and source of cur-
rent, said winding being connected to a line-

limb from its intermediate point, switching

mechanism controlled by said electromagnet
adapted to normally short-circuit one portion
of said winding and when actuated to remove
said short circuit, to short-circuit the other
portion of said winding and to destroy the sub-
station control of the line-signal, and means
under control of the operator for controlling
the position of said switching mechanism.

24. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pteces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-

“circuited and the second winding normally
connecting said terminals with one limb of the
line, testing means for determining the busy
or idle condition of ‘the line, a normal earth
connection for that line-limb associated with
the testing contact-pieces adapted to prevent
extraneous currents from interfering with the
normal operation of said testing means, a cord-
circuit adapted to make connection \Vlth said
switching-terminals and to complete a circuit
of said source including said second winding
whereby the electromagnet is energized and
switching mechanism associated with said elec-
tromagnet adapted upon its energization to
interrupt said normal earth connection.

25. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central

" office, a magnet and an associated line-signal,

an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in. circuit with one limb of the
line, testing means for determining the idle
or busy condition of the line, a normal earth
connection substantially devoid of resistance
and impedance for that line-limb associated
with the testing contact-pieces adapted to pre-

vent extraneous currents from interfering
with the normal operation of said testing
means, a cord-circuit adapted to make con-
nection with said switching-terminals and to
complete a circuit of said source including said

second winding whereby the electromacrnet 18

energized and SWItchmo'meclmmsm assocuted
with said electromagnet adapted upon its en-
ergization to interrupt said normal earth con-
nection and to remove the said second wind-
ing from the direct line-circuit.

26. In a telephone-exchange system, the
combination of a telephone- line connecting a
substation with the central office, sw1tch]n0-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromawnethavmw twoenergizin O”-Wlnd-
ings the first winding being normally short-
circuited and the second winding being nor-
mally interposed between said terminals and
one limb of the line, testing means for deter-
mining the idle or busy condition of the line,
a normal earth connection for that line-limb
associated with the testing contact- pieces
adapted to prevent extraneous currents from
interfering with the normal operation of said
testing means, a cord-circuit adapted to make
connection with sald switching-terminals and
to complete a circuit of said source including
said second winding whereby the electromag-
net is energized and switching mechanism as-
sociated with said electromagnet adapted upon
its energization to interruptsaid normal earth
connection and to include the said first wind-
ing in branch circuit of the line.

27. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, sw1tch1ncr-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in circuit with one limb of the
line, testing means for determining the busy
or idle condition-of the line, a normal earth
connection for that line-limb associated with
the testing contact-pieces adapted to prevent
extraneous currents from interfering with the
normal operation of said testing means, a cord-
circuit adapted to make connection with said
switching-terminals and to complete a circuit
of said source including said second winding
whereby the electromagnet is energized and
switchiife mechanism associated with said
electromagnet adapted upon its energization
to interrupt said normal earth connection, to
remove the said second winding from the di-
rect line-circuit and to include the said first
winding in branch circuit of the line.

-28. In a telephone-exchange system, the

is
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combination of a telephone-line connecting a | circuited and the second winding being noi-

substation with the central office, switching-
terminals for theline having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal
normally under the control of the subscriber,
an electromagnet having two energizing wind-
‘ings the first winding being normallyshort-cir-
cuited and the second winding being normally
included in circuit with one limb of the line,
. testing means for determining the idle or
busy condition of the line, a normal earth
connection for that line-limb associated with
the testing contact-pieces adapted to prevent
extraneous currents from interfering with
the normal operation of said testing means, a
cord-circuit adapted to make connection with
said switching-terminals and to complete a
circuit of said source including said second
winding whereby the electromagnet is ener-
gized and switching mechanism associated
with said electromagnet adapted upon its
energization to interraupt said normal earth
connection, to remove sald second winding
from the direct line-circuit, to include the
said first winding in branch eircuit of the
line and to destroy the substation control of
the line-signal. ’

29. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals fortheline having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in circuit between the lineand
said switching - terminals, testing means for
determining the busy or idle condition of the
line, a normal earth connection for that line-
limb associated with the testing contact-
pieces, adapted to prevent extrancous cur-
rents from interfering with the normal opera-
tion of said testing means, a cord -circuit
adapted to make connection with said switch-
ing-terminals and to complete a circuit of
said source including said second winding
whereby the electromagnet is energized and
switching mechanism associated with said
electromagnet adapted upon its energization
to interrupt said normal earth connection and
complete the conversational connection of said
contact-pieces to the line.

30. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, 2 magnet and an associated line-signal,
an electromagnet having two energizing-wind-

mally included in direct circuit of the linebe-
tween the source of current and the switch-
ing-terminals, testing means for determining
the idle or busy condition of the line, a nor-
mal earth connection for that line-limb asso-
clated with the testing contact-pieces, adapted
to prevent extraneous currents from inter-
fering with the normal operation of said test-
ing means, a cord-circuit adapted to make
connection with said switching-terminals and
to complete a circuit of said source including
said second winding whereby the electromag-
net is energized and switching mechanism
associated with said electromagnet adapted
upon its energization to interrupt said nor-
mal earth connection and to remove the said
second winding from the direct line-circuit.

31. In a telephone - exchange system, the
combination with a telephone-line connecting
a substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in circuit between the line and
sald switching -terminals, testing means for
determining the busy or idle condition of the
line, a normal earth connection for that line-
limb associated with the testing contact-pieces,
adapted to prevent extraneous currents from
interfering with the normal operation of said
testing means, a cord-circuit adapted to make
connection with the said switching-terminals
and to complete a circuit of said source includ-
ing said second winding whereby the electro-
magnet is energized and switching mechanism
associated with said electromagnet adapted
upon its energization to interrupt said normal
earth connection, to include the said first wind-
ing in branch circuit of the lineand complete
the conversational connection of said contact-
pieces to the line.

32. In a telephone - exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in direct circuit of the line be-
tween the source of current and the switching-
terminals, testing means for determining the
busy or idle condition of the line, a normal
earth connection for that Jine-limb associated
with the testing contact-pieces, adapted to pre-
vent extraneous currents from interfering
with the normal operation of said testing

ings the first winding being normally short- | means, a cord-circuit adapted to make connec-
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tion with said switching-terminals and to com-
plete a circuit of said source including said
second winding wherebhy the electromagnet
is energized and switching mechanism asso-
ciated with said electromagnet adapted upon
its energization to interrupt said normal earth
connection, to remove the said second wind-
ing from the direct line-circuit and to ineclude
the said first Wmdmo in branch circuit of the
line.

33. In a telephone - exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal
normally under the control of the subseriber,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in direct circuit of the line be-
tween the source of current and the switching-
terminals, testing means for determining the
idle or busy condition of the line, a normal
earth connection for that line-limb associated
with the testing contact-pieces adapted to pre-
vent extraneous currents from interfering
with the normal operation of said testing
means, a cord-cirenit adapted to make connec-
tion with said switching-terminals and to com-
plete a circuit of said source including said
second winding whereby the electromagnet
is energized and switching mechanism asso-
ciated with said electromagnet adapted upon
its energization to interrupt said normal earth

connection, to remove said second winding-

from the direct line-circuit, to include the said
first winding in branch circuit of the line and
to destroy the substation control of the line-
signal.

34. In a telephone-exchange system, the
combination of a telephone- line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
cireuited and the second winding being nor-
mally included intermediate of the line-cir-
cuit and the switching-terminals, testing means
for determining the idle or busy condition of
the line, a normal earth connection for that
line-limb associated with the testing contact-
pieces adapted to prevent extraneous currents
from interfering with the normal operation
of said testing means, a cord-circuit adapted
to make connection with said switching-ter-
minals and to complete a circuit of said source
including said second winding whereby the
electromagnet is eénergized and switching
mechanism associated with said electromagnet

A

adapted upon its energization to interr upt
said normal earth connection.

35. In a telephone-exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal,
anelectromagnet having two energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mally included in that portion of the line-cir-
cuitextending to the switching-terminals, test-
ing means for determmm gthe 1dle or busy con-
dition of the line, a normal earth connection
for that line-limb associated with the testing
contact-pieces adapted to prevent extraneous
carrents from interfering with the normal
operation of said testing means; a cord-cir-
cuit adapted to make connection with said
switching-terminals and to complete a circuit
of said source including said second winding
whereby the electromagnet is energized and
switching mechanism associated with said elec-
tromagnet adapted upon its energization to
interrupt said normal earth connection and to
remove the said second winding from the di-
rect line-circuit.

36. In a telephone-exchange system, the
combination of a telephone- line connecting a
substation with the central office, swwchmg—
terminals for the line having testing and talk-

ing contact-pieces normally connected to its

two limbs, a source of current at the central
office, & magnet and an associated line-signal,
anelectromagnethavingtwo energizing-wind-
ings the first winding being normally short-
circuited and the second winding being nor-
mallyincluded intermediate of the line-circuit
and the switching-terminals, testing means for
determining the idle or busy condltlon of the’
line, & nor mal earth connection for that line-
limb associated with the testing contact-pieces
adapted to prevent extrancous currents from
interfering with the normal operation of said
testing means, acord-circuitadapted to make
connection with said switching-terminals and
to complete a circuit of said source including
said second winding wheréby the electromag-
net is energized and switching mechanism
associated with said electromagnet adapted
upon its energization to interrupt said nor- -
mal earth connection and to include the said
first winding in branch cireuit of the line.

In a telephone -exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, amagnet and an associated line-signal,
an electromagnet having two energizing-wind-
ings the first winding being normally short-
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circuited and the second winding being nor-
mally included in that portion of the line-cir-
cuitextending to the switching-terminals, test-
ing means for determining the busy or idle
condition of the line, a normal earth connec-
tion for that line-limb associated with the test-
ing contact-pieces adapted to prevent extrane-
ous currents from interfering with the normal
operation of said testing means, a cord-cir-
cuit adapted to make connection with said
switching-terminals and to complete a circuit
of said source including said second winding
whereby the elertromagnet is energized and
switching mechanism associated with said elec-
tromagnet adapted upon its energization to
interrupt said normal earth connection, to re-
move the said second winding from the direct
line-circuit and to include the said first wind-
ing in branch circuit of the line.

38. In a telephone - exchange system, the
combination of a telephone-line connecting a
substation with the central office, switching-
terminals for the line having testing and talk-
ing contact-pieces normally connected to its
two limbs, a source of current at the central
office, a magnet and an associated line-signal
normally under the control of the subscriber,
anelectromagnet having two energizing-wind-
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ings the first winding being normally short-
circuited and the ‘second winding being nor-
mally included in that portion of the line-cir-
cuit extending to the switching-terminals, test-
ing means for determining the busy or idle
condition of the line, a normal earth connec-
tion for that line-limb associated with the test-
ing contact-pieces adapted to prevent extrane-
ous currents from interfering with the normal
operation of said testing means, a cord-cir-
cuit adapted to make connection with said
switching-terminals and to complete a circuit
of said source including said second winding
whereby the electromagnet is energized and
switching mechanism associated with said elec-
tromagnet adapted upon its energization to
interrupt said normal earth connection, to re-
move said second winding from the direct line-
circuit, to include the said first winding in
branch circuit of the line and to destroy the
substation control of the line-signal.

In witness whereof 1 hereunto subseribe my
name this 11th day of November, A. D. 1904.

HARRY G. WEBSTER.

Witnesses:
L. D. Kerroge,
A. H. Dyson.




