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To all whom it may concern:

. Be it known that I, Fravk R. McBErTy, a
citizen of the United States; residing at Evans-
ton, in the county of Cook and State of Illi-
nois, have invented a certain new and useful
Improvement in Supervisory Signals for Tele-
phone-Switchboards, of which the following

My invention relates to a supervisory sig-
naling apparatus for telephone-switchhoards,
and has for its object to provide improved
and simplified apparatus whereby a call-sig-

"nal may be automatically displayed at the

15

central office of a.telephone-exchange by the
operation of a switch at the substation, which
signal is automatically effaced when the cen-

: tral office operator responds to the call, asec-
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ond signal being simultaheously broucrht un-
der the control of the substation- sw1tch to be
automatically actuated upon a reverse move-
ment of said switch.

Another object is to provide a busy—test; cir-
cuit controlled by the signaling mechanism
and so organized as to insure the presence of
2 test-potential on the multiple spring-jack

terminals of a line during the contmuance of
‘a connection therewith.

In a well-known signaling system. of this

" character when the subscrlber takes his tele-
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phone in initiating a call the circuit of the

line is automatically closed through a line-

relay, which in drawing up itsarmature com-
pletes a local circuit containing an incandes-
cent-lamp signal. - When the operator in re-
sponse-to the call inserts her answering-plug
in the spring-jack of the line, a local shunt of

the line-lamp is automatically established in-

registering contacts of the plug and spring-
jack, this shunt containing a second or super-
visory signal-lamp, which is thus temporarily
assoclated with the line while the plug re-
mains in the spring-jack. A resistance is in-
cluded in the undivided portion of the signal-
circuit.” As long as the telephoneat the sub-
station is in use the line-relay remains ex-
cited, both local circuits containing the sig-

| the system for this reason.

(No model,)

nal-lamps being closed, so that each lamp is
shunted by the other and neither receives suf-
ficient current to light it; but when the sub-
scriber is through talking and hangs up his
telephone upon its automatic switch-hook the
circuit of the line is broken and the branch
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which contains the line- lamp broken, so that

the supervisory lamp receives increased cur-

rent and is lighted to indicate a signal for dis-

connection.

In the system above described the resistance
of the two shunts must be accurately propot-
tioned to one another in orderthat each lamp

-may be effectively extinguished when both

shunts are closed, and some difficulty hasbeen
experienced in the practical application of
It is hard to ob-
tain a number of signal-lamps which will all
have the same resistance, and lamps are found
to vary in resistance after being some time in
service.

My invention contemplates a system some-
what similar in character to the one outlined,
but in which the line-signal is eﬁ“ec’mvely
shunted by a low-re%xstance magnet-winding
instead of by a signal-lamp, and the supervis-
ory signal is controlled by the magnet and

-positively cut out or otherwise effaced instead

of being merely shunted by the line-signal
while the circuit is closed at the line- Ielay
In order that the thimbles of all the multi-
ple line-jacks of a line which has a connection
at one of the multiple jacks may have an
electric potential,  whether the contacts of
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the line-relay be open or closed, so that the

busy test will not be impaired, I provide means
made operative in completing connection with
theline for applying the test-potential through
a second path when the normal path controlled
by the switch-contacts of the line-relay is in-
terrupted. I preferably provide a high-re-
sistance shunt of these switch-contacts, in-

cluding a differential winding for the mawnet
which controls the supervisory signal. VVhIlc'
a connection is made with the hne at one of
the spring-jacks thereof, the line-signal is
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shunted by the low-resistance winding of the
magnet, and if the contacts of the line-relay
are open current flows through the shunt con-
taining the differential winding, from whence
the greater portion flows through the low-re-
sistance magnet - winding and a small part
through the line-signal in shunt thereof. The
two differential windings are so proportioned
that when thus connected in series their effects
balance one another and the magnet leaves its
armature unattracted, in which position the
supervisory signal controlled thereby is dis-
played. The connection of the plug-contact
with battery through the shunt containing the
high- resistance differential winding leaves
the contact-thimble of the multiple spring-
jacks electrified to establish a busy test ir-
respective of whether the line-relay contacts
be open or closed. When said contacts are
closed, an increased current flows through the
low-resistance winding, whereby the balance
of the differential magnet is destroyed, its
armature is attracted, and the controlled su-
pervisory signal is positively effaced.

I will describe my invention more particu-
larly by reference to the accompanying draw-
ing, which is a,diagram illustrating two tele-
phone-lines extending from substations to a
central-office switchboard, together with the
operator’s switching and accessory apparatus
for uniting lines, the system being organized
and eqmpp@d for my 1n1p10\'0d system of
automatic signaling.

The teatmes which I 1'egm'd as novel will
be pointed out in the appended claims.

Each of the lines illustrated extends in two
limbs 1 2 from a substation to multiple spring-
jacks @ @ and through the windings of the
usual line-relay ¢ to the poles of a central
battery o. At the substation the usual tele-
phone apparatusis included in a bridge of the
line, with an ordinary gravitytelephone-switch
¢ normally maintaining the bridge open, but
adapted to close the same and permit the flow
of current in the line when the teleplione-re-
ceiver is removed from the hook for use. A
second bridge isalso provided at each station,
containing a condenser and a high- nnpulance
call-bell for receiving incoming signals. The
operator is provided with the usual pairs of
plugs 7 ¢ for uniting lines by plugging into
the spring-jacks thereof, the plugs of each pair
being united by the link conductors of a flexi-
ble cord -circuit. Iach plug has the usual
tip, ring, and sleeve contacts adapted to reg-
ister with the short and long line-springs «'
& and the test-thimble &, respectively, of any
spring - jack into which it may be inserted.
The line-springs ¢’ &* of each of the several
multiple spring-jacks of each line are con-
nected, respectively, with the conductors 1 2
of each line, and the tip and ring contacts of

each plug are connected by link conductms
5 6 with the corresponding contacts of its i
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mate plug, so that any two lines may he
united by inserting the plugs of pairinto the
respective spring-jacks of such lines. The
link conductors 5 6 each contains two wind-
ings of the usual repeating-coil, and the cen-
tral battery & is connected, as usual, in a
bridge of said link conductors between. the
windings of the repeating-coil for supplying
current to the substation-transmitters. In
the drawing several hatteries (marked /) are
shown at different placo but it should he
understood that this is merely for conven-
ience of llustration and that in accordance
with the usual practice & single battery may
be employed, which may be connected as in-
dicated. The positive pole of the battery,
which is connected to the limbs 1 of the sev-
eral telephone-lines, is grounded.  Each plug-
circuit is furnished with the usual listening
and ringing keys, wherehy the operator may
connect her tclop wne In circuit and may
transmit call-signals. A line-signal ¢, which
may be an inc mdmcent famp, is provided for
each line in a loecal cireuit 3, controlled at the
switch-contacts of the line-relay . This lo-

cal circuit is normally open, but is closed
when the line-relay is excited —that is, when
the telephone-receiver at tho substation is off
the hook. A resistance / is included in each
local circuit between the battery and the
switch-contacts of the relay. A conductor 4
extends from the local circuit 3 at a point he-
tween the line-lamp ¢ and the switch-contact
of the line-velay to the test-thimbles o of all
the multiple spring-jacks of the line. The
third contact or shank #* of the answering-
plug of each pair, which registers with the
test-thimble of the jack into which such plug
may be inserted, forms the terminal of a con-
ductor 7, which extends to the grounded pole
of the battery 4 and includes the low-resist-
ance winding 4’ of a signal-controlling clec-
tromagnet A When the answering-plug is
inserted in the spring-jack of any line there-
fore, a low-resistance shunt 74 about the line-
Slgmﬂ is thus established in registering con-
tacts of the plug and jack, so that the line
signal-lamyp, which may have heen lighted by
th(, closure of the local cireuit 3 at the con-
tacts of the line-relay, as in the initinting of
a call, will be shunted out l)\' the low-resist-
ance path 7 4 established when the operator
makes connections with the lines. 1\ shunt,
conductor 8, corresponding to the conductor
T of the answering-plug, connects the shank
of the calling-plug ¢ with the grounded pole
of the bhattery and contains the low-resistance
winding &' of a controlling-magnet 4, similar
to the magnet /.

The magnet 4 has in addition to the low-re-
sistance winding 4" a high-resistance difleren-
tial winding 4% connected between the arma-
tureswitch-lever of such magnetand the shank
: of the plug /A Similarly, the magnet 4 hasa
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high-resistance differential winding %%, which

is connected between the armature switch-le-
ver and the shank of plug ¢. The back con-

“tacts, against which the armature-levers of

the magnets 4 and % normally rest, are con-
nected through supervisory signals Z and 7,
respectively, with a conductor 9, leading to
the free pole of battery . The circuit of
conductor 9 is controlled by a plug-seat switch
0, which is kept normally open by the calling-
plug resting therein, but which is antomat-
ically closed when the calling-plug is lifted

preparatory to being inserted in a spring-jack.

-The operation of the system may be briefly
outlined as follows: A subscriberwho desires
an exchange connection transmits a call-sig-

nal in the usual way by removing his tele-

phone-receiver fromits hook. The circuit of
the line is thus closed; and current flows
through the line-relay ¢, which draws up its
armature, closes the local cireuit 3, and so
brings -about the excitement of the line-sig-
nal e. The closure of the line-relay contact

also connects the thimbles ¢® of the spring-

jacks of the line with battery 4 by way of con-
ductor 4, thus establishing a test-potential at
said spring-jacks.
operator ‘inserts the answering-plug 7 of a
pair in the answering spring-jack of the line
and bringing her telephone into circuit by
means of her listening-key inquires the num-
ber of the subscriber with whom communi-

-cation is desired. The insertion of the an-
swering-plug establishes the shunt 7 4 about

the line signal-lamp, whereby the latter is de-
prived of the current necessary to its illami-
 The magnet 4 is excited by current
flowing in the winding 4" and draws up its
armature, cutting out the supervisory signal
. ~When the operator has learned the num-

ber of the subscriber wanted; she makes the

usual preliminary test and finding the line
free inserts the calling-plug ¢ of the pair and
transmits-a call-signal by means of her ring-
ing-key. When the calling-plug g is lifted
from its socket, the plug-seat switch o auto-
matically closes, applying battery to the con-
ductor 9, and when said plug is inserted in
the spring-jack of the called line the circuit
8 4 3 is established. Until the called party
answers the contacts of his line-relay are open.
Current flows from conductor 9 through the
supervisory lamp 7z and by way of the arma-
ture and back contact of magnet % through
both- windings %' %* thereof .in series.. The
windings being differentially connected and
proportioned to balance ore another, the ar-
mature of thismagnetisnotdrawnup. A por-

tion of the current from conductor 9 after pass-

ing through winding 4’ finds its way through

‘the line-lamp ¢ of the called line; but thisis not

sufficient to light the lamp, since the winding

# forms a low-resistance shunt for the same. -

Thiscurrent serves to apply a test-potential to

In response to the call the -

the thimbles ¢® of the spring-jacks of the called
line. Thesupervisory lamp m remainslighted
until the called party answers. When the
telephone is taken for use at the called station,
the circuit of the line is closed, and the line-re-
lay d, receiving current, closes its switch-con-
tacts and shunts the high-resistance winding
& of the magnet % by the resistance 7. An
increased current is thus caused to' flow
through winding %, and the magnet % is un-
balanced and attracts its armature, cutting
off the supervisory signal 7. This current

also creates a test-potential at the thimbles

of the spring-jacks of the called line. The
line-lamp ¢ of the closed line is still shunted
by the low-resistance magnet-winding 7.
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When at the termination of the conversation -

either of the subscribers hangs up his tele-

phone, his line-relay will be rendered inert
and by allowing its armature to fall back will -

open the shunt about the high-resistance
winding of the differential magnet which is
associated with the line in question. Both
windings of said magnet will thus be tempo-
rarily deprived of current, and the armature
thereof will drop back and close the connec-

tion to battery through the corresponding .

supervisory lamp and the plug-seat switch:

The two windings of the magnet being con-

nected in series will balance one another, and

~the armature will stay in its unattracted po-

sition, causing the continued illumination of
the corresponding supervisory lamp. The
lighting of both lamps will constitute a signal
to the operator to take down the connection.
~ Having thus described my invention, what
I claim as new, and desire to secure by Letters
Patent, is— ’ .

1. The combination in a telephone-switch-
board apparatus with a circuit containing a
resistance and a signal device and leading
through relay - contacts controlling its con-
tinuity, of a shunt of said signal device con-
taining one winding of a differential magnet
and a switch for closing said shunt, a branch
cireuit or second shunt including both wind-
ings of said differential magnet and shunting

the said resistance and relay contacts, and an

independent signal device connected in the
said second shunt, and controlled by the said
differential magnet.

2. The combination with a telephone-line

extending froma substation to a central office,
of a central battery and a line-relay in the
circuit of the line at the central office, a switch
at ‘the substation for controlling the flow of
current in the line, a local circuit including a
resistance and a line-signal at the central
office, controlled by the line-relay, a ‘spring-
jack for-the line, a plug and plug-circuit for

‘making connection therewith, a shunt of the

line-signal established in registering contacts

of the ‘plug and spring-jack, a supervisory

magnet having two differential windings, one
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of which is included in said shunt, a shunt of
the line-relay switch-contacts, containing the
other winding of said differential magnet,
and a supervisory signal controlled by said
differential magnet. .

8. The combination with a telephone-switch-
board having multiple spring-jacks for the
telephone-lines centered thereat, and auto-
matic line-switches d controlled from the sub-
stations of said lines, of a local circuit for each
line including a battery and a line-signal, con-
trolled by the switch & of such line, a plug
and plug-circuit for making connection with
the line, a conductor associated with the plug,
adapted to shunt the line-signal of the line
whose spring-jack may be plugged into, a
supervisory magnet associated with the plug,
having differential windings one of which is
included in the aforesaid shunt-conductor, and
a shunt of the contacts of said line-switch
including a supervisory signal and the other
differential winding of said magnet, and nor-
mally closed-in switch-contacts operated by
sald magnet, said switch-contacts being opened
when the magnet is excited.

4. The combination with a telephone-line
having a telephone-switch at a substation, of
a source of current and a line-relay perma-
nently connected with the line at a central
office, multiple spring-jacks for the line, each
spring-jack having a test contact-piece, a nor-
mally open conductor closed by the line-relay
when excited, leading from the several test-

pieces of the line to a source of test-potential,.

a plug and plug-cireunit for making connection
with the line, and a switch brought under the
control of said line-relay by the insertion of
the plug in a spring-jack, and closed through
the agency of said relay when inert, adapted
to establish another connection of said test-
pieces to a source of test-potential; whereby
the line is made to test busy before connec-
tion when the telephone-switch is closed and
during connection whether the telephone-
switeh is open or closed.

5. The combination with a telephone-line
and a telephone-switch for determining the
flow of current in the line during the use of
the telephone, and multiple spring-jack ter-
minals for the line in different sections of the
multiple switchboard, said multiple spring-
jacks each having a test-contact, of anelectro-
magnet directly responsive to current in said
line, and a test-circuit of the said contacts con-
trolled by said magnet to be completed while
the telephone is in use, a second electromag-
net controlled by current in the line, and
switch-contacts thereof also controlling the
test-circuit to complete it when the current in
said lineis interrupted, said second-mentioned
magnet being made operative when connec-
tion is made with the line at a spring-jack.

6. The combination with a telephone-line

and a telephone-switeh for determining the
operation of signals in the line at a switch-
board, of a magnet controlling a line-signal
to display the signal while the telephone isin
use, a magnet controlling a supervisory signal
to display the same when the telephone is re-
placed on its switch, said magnets heing con-
trolled by sald telephone-switeh, multiple
spring-jack terminals for the line, a test-con-
tact in each spring-jack, and a test-cireuit lead-
ing to said test-contacts closed by cither of
said magnets in displaying its signal, as de-
seribed.

7..The combination with a telephone-line
and a telephone-switch for determining the
flow of current in the line during the use of
the telephone, of a magnet controlled by said
telephone-switch, a multiple spring-jack for
the line and a connecting-plug therefor, a
signal-circuit closed by said magnet, divided
into multiple branches, a high-resistance line-
signal in one of said branches, a low-resist-
ance magnet controlling the other of said
branches, said last-mentioned branch heing
closed in registering contacts of the spring-
jack and plug, and a supervisory signal con-
trolled by said low-resistance magnet; where-
by the line-signal is shunted and the super-
visory signal is brought under the control of
the line-relay when connecetion is made with
the line, as described.

8. The combination with a telephone-line
and a telephone-switch thereof for controlling
signals at the central office, multiple spring-
jack terminals of the line in the multiple
switchboard, and plugs and plug-circuits for
making connection therewith, a signal-con-
trolling magnet in the line at the central of-
fice, a local circuit controlled therehy, divided
into multiple branches, a high-resistance line-
signal in one of said branches, a low-resist-
ance signal-controlling magnet in the other
of said branches adapted to shunt said high-
resistance line -signal; said last-mentioned
branch being closed during the connection of
a plug-circuit with a spring-jack of the line;
a test-contact for each spring-jack, a test-cir-
cuit thereof connected with said branches,
and switch-contacts controlled by said low-re-
sistance magnet to close the test-cireuit, when
the magnet is inert, the corresponding plug
being in a spring-jack of the line as described.

9. The combination with a telephone-line
having a switch at the substation and a relay
at the central office responsive to said switch,
of multiple spring-jacks for the line cach hav-
ing a test-thimble, a source of current, a con-
nection from said source of current to the
multiple test-thimbles controlled by said line-
relay, a plug and plug-circuit for making
connection with the line, a conductor associ-
ated with the plug adapted to complete the
circuit from the test-thimble of the jack to
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the other pole of said source of current, said
conductor including one winding % of a dif-

ferential magnet, a conductor including a sec- |-

ond winding #* of said differential magnet in

shunt of the switch-contacts of the line-relay, -

whereby a test-potential is applied to the
multiple test-thimbles when the contacts of

the line-relay are open, and a supervisory sig-

nal arranged to be displayed by the differen-
tial magnet when the same is neutral. 10
In witness whereot I hereunto subscribe my
name this 8th day of February, A. D. 1902.
. FRANK R. McBERTY.
Witnesses:
Duncany E. WiLLETT,
FrepERICK A. WATKINS.




