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To all whom it may concern: _

Be it known that I, JamEs L. MOQUARRIE,
citizen of the United States, residing at Oak
Park, in the county of Cook and State of 1ll1-

» nois, have invented a certain new and use-
ful Improvement in Telephone - Kxchange
Switchboard Apparatus, of which the follow-
ing is a full, clear, concise, and exact descrip-
tiom. ' _

My invention relates to a felephone ex-
change system, and has for its object to pro-
vide an improved organization of apparatus
and circuits whereby connection may be es-
tablished between two metallic circuit lines
at the central office by means of a single link
conductor and connection switches of the
simplest character, while providing for the
operation of line and supervisory signals, and
without sacrificing good telephone trans-
TN1SSION. -

In other words, my invention relates to
what is known among telephone engineers as
a ““one wire”’ circuit for central office switch-
boards, meaning that a single conductor only
is required to unite metallic circuit lmes.
The object of the schemes of this character
is, of course, to simplify multiple switch-
boards by reducing the number of contacts
required in the springjacks and the amount
of cables necessary, as well as to simplify the
cord circuits or link conductors by which
connections are established.

I will describe my invention by reiterence
to the accompanying drawing, in which—
35  Figure 1 is a diagram illustrating two me-
tallic circuit telephone lines extending from
substations to a central office, together with
an operator’s cord circult and accessory ap-
paratus for uniting the lines, the system be-
me organized and equipped m accordance
with nmy invention; Fig. 2 is a simplified dia-
oram illustrating merely the two lines ex-
fending to the poles of the central battery
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with the windings of the line relays mter- ;

posed, and the link conductor with the con-
nection terminals by which the lines may be
telephonically united.

In the system embodying my invention, a
line sienal magnet having two windings 1s
50 permanently associated with each line, sald

windings being included respectively in the

two line conductors which are led to the
poles of a central battery. The coils of the
line signal magnet are wound in close Induct-
55 ive relation to each other and are so con-

45

nected that the effect of currents fowing
through them in series will be cumulative.
To unite another telephone circuit with any
line, such other circuit is connected m a
shunt about one of the magnet windings, so
that said windings are thus connected in
parallel with respect to currents in the tele-
phone circuit thus established. The impe-
dance of each winding to telephone current
flowing in the united circuit is neutralized by
the effect of current in the other parallel wind-
ing. Any two lines of an exchange may be
united bya single link conductor connecting
one of the line wires of each line at a point be-
tween the line signal magnet and the sub-
station, with a similar wire of another line,
said link conductor being permanently con-
nected through an induction device with
one pole of the common source of current.
The magnet windings are thus included

parallel branches of the telephone circuit es-

' tablished by said link conductor and neu-

tralize one another with respect to telephone
currents.

" The signal displayed by the line relay of a
line is adapted to be rendered inoperative
when the cord circuit is connected with such
line, by a cut-off relay included in the branch
of the line leading to the springjack, the cord
circuit being provided with a source of cur-
rent for operating said relay when connec-
tion is made with the line. The cord circult
contains supervisory signal controlling de-
vices, unresponsive to current from said
source, but adapted to respond under the
control of the switches at the respective
substations, to current from sald central
office battery.

In the system shown in the drawing, the
two conductors 1, 2, of each line extend
through the windings o’ a* of the line relay @
to the poles of a central battery b. One pole
of said battery may be connected to earth, or
other return conductor, asusual. The line
relay controls a local circuit 3including a line
sional lamp @?, said local circuit being further
controlled by the normally-clesed contact of
a cut-off relay ¢, which is included 1n an ex-
tension 4 of the line conductor 2 leading to
the springjacks or connection terminals d ¢ of
the multiple switchboard.

The operator is provided with a pair of
simple plugs ¢ ¢ united by a link conduc-
tor 5, whereby any two lines may be con-
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the respective springjacks thereof. Said

plugs and springjacks constitute connection
switches for uniting the cord circait with the
telephone lines. The link conductor in-
cludes the two windings £’ ? of a repeating
coil f, and the middle point between said
windings is connected to the grounded pole

of the central battery.
supervisory relays ¢ ¢' are included in the |

link conductor 5 between the ground connec-
tion and the plugs ¢ and ¢ respectively.
Said supervisory relays eontrol local circuits
which include supervisory signal lamps % A’
respectively, said local circuits being sup-
plied with current from the central battery

b under the control of the normally open con-

tacts of a master relay 4. The relay 4 is
meluded with a battery 6’ in the conductor
5% leading from the middle point between
the windings of the repeating coil to earth
or sald return conductor. The battery ¥’
may be of four volts, and is connected with
the same pole to ground as the batterv b, but
offering but slight opposition to the current

 from the battery & when the link conductor is

connected with the line, on account of the
difference in voltage between the two bat-
teries. When plug ¢ is inserted in jack d, a
circuit 5%, 5, 4, 2, is completed for relay 1,
which closes its contact and brings the super-
visory signal circuits under the control of
their respective relays. The supervisory re-
lays are arranged to be unresponsive to cur-
rent from battery &', being preferably polar-
1zed. Each supervisory relay is adapted to
close at one point the local circuit containing
its supervisory signal lamp when inert and to
open said circuit when excited, the master
relay 2, however, exercising the primary con-
trol over said circuits. I have shown a
ringing key by which the link conductor may
be severed and the end thereof leading to the
calling plug ¢’ connected to the pole of a
grounded generator G.

A listening key K is provided, which is
adapted when depressed to connect the an-
swering plug with the conductor 6 leading to
the operator’s telephone set T. I have also
shown special apparatus for making the
busy test. The tip contact of the calling
plug is connected with a conductor 7, which

~leads through a test relay & to earth. The
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relay k is provided with an armature %’ con-
nected with conductor 7 between the relav
and earth, said armature being adapted
when attracted to engage a contact anvil k2,
connected with a conductor 8 leading
through the primary winding ’ of the induc-~
tion coil [ of the operator’s telephone set, to
conductor 7 and earth. The transmitter m
of the operator’s set is included with a source
of current in a conductor 9 connected with

conductors 7 and 8 so that a local circuit is _
- nserting the caliing plug ¢’ into the jack d

provided for the transmitter including the

66 primary winding . The telephone re-

. of an idle line, current from battery b’

931,330

celver n of the set is included in a conductor
10 extending from wire 6 to the middie
pomnt of the secondary winding I? of the in-
duction coil /. Thus when the relay  is en-

ergized and 1ts contacts %’ k* are closed. as
b

when the tip of calling plug ¢ is brought into
contact with the test thimble of a busy line,
a ¢l !
The operation of the system is as follows:

A subscriber desiring an exchange connec-

tion sends 1n a call in the usual way by re-

moving his telephone from its hook, whereby
circult 1s completed from the central battery
b through both windings of his line relay,
which being excited draws up its armature

ck 1s produced in the operator’s receiver.
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and closes the local circuit 3 containing the
line signal lamp «®. The operator in re--

sponse to this call inserts her answering plug
¢ 1 one of the springjacks d of the line and

depresses her listeming key k. Her tele-

phone circuit 7 is thus completed in shunt of

one winding of the line relay, and telephone

currents traversing this circuit pass through

the windings of the line velay in parallel.

The windings are disposed in close inductive
relation to one another, so that the impe-
dance offered by one winding will be neutral-
1zed by the effect of the current in the other
winding. I have found in practice that ex-

‘cellent transmission can be obtained by
winding the line relays as I have indicated,

but 1if the coils of the line relay are not dis-
posed in close inductive relation to one an-
other, such as by twin or parallel winding,
that is, if the two windings are simply placed
end on end upon a common core, the im-
pedance will not be neutralized and the
transmission will be seriously impaired.
~ The completion of the circuit 52—5—4-—2
imcluding the battery 8’, when the plug e is
nserted in the jack d in response to a call,
brings about the excitement of the cut-oft

relay ¢, whereby the local circuit 3, contain-

ing the line signal lamp, is epened, and the
lamp extinguished. The master relay 2 be-
ing 1n said circuit, draws up its armature,
grounding the circuit of the supervisory
lamps & A'. The supervisory relay ¢ in-
cluded in the circuit above traced is polar-
1zed and unresponsive to battery o/, but re-
sponds to the battery 6, which, owing to the
removal of the telephone at the calling sta-
tion, applies battery over the limb 1 through
the substation apparatus, limb 2, through
the cut-off relay ¢, conductor 4, springjack
and plag, conductor 5, through the winding

~of the supervisory relay ¢ and repeating coil,

conductor 5% and earth. The relay ¢ in
drawing up its armature opens the circuit of
the supervisory lamp 5.
relay ¢’ representing the called line is de-
energized at this time, and the circuit is com-
pleted for the supervisory lamp 2’. Upon
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through the conductors 5* and 5, supervisory
relay ¢/, plug ¢/, jack d, through the cut-oli
relay ¢ of the called line, to earth through the
winding of the line relay, said current, how-
ever, being without effect upon the super-
visory relay ¢’ and the line relay of the called
line, but causing the operation of the cut-ofl
relay ¢ of said called line, which cpens the
line signaling circuit. When the called sub-
seriber responds by removing his telephone
from its hoolk, the pelarized supervisory re-
lay ¢'is supplied with current from battery o,
and attracts its armature, opening the cir-
cuit of the supervisory lamp 2/

In testing a line, the operator toucnes the
plug ¢ to the springjack of the line in ques-
tion. If the line is free the operator may
complete the connection by Inserting the
plug in the jack and signal the called sub-
seriber by means of the generator & in the
usual way. If, however, a connection al-
ready exists at another multiple springjack
of the line being tested, a circuit will be com-
pleted to earth through the relay k, which
drawing up its armature closes conductor 8,
and causes a click to be produced in the op-
erator’s telephone. If the line tested is Iree,
the operator completes the connection 1n the
1sual way by inserting the caliing plug ¢ In
the springjack thereof. The two lines are
now united in a telephonic circult by the
link conductor 5, and the windings of the
line relay of each line are in parallel branches
of the cireuit thus established.

The circuit of the voice currents will be
understood more readily by reference to #1g.
2, which shows simply the cireuits concerned
in the telephone current transmission. As-
sume, for example, that the transmitier at
the station at the ieft of Fig. 2 is beimng used;
finctuations will oceur in the current fiowing
in the circuit of said station irom the durect
current battery. These fluctuations or va-
rigtions in the current from the direct battery
will cause the winding of the repeating coil
included in the line circuit of said staticn to
induce talking currents in the windamg of the
repeating coil included in the line ciremit of
the other station, and such currents will flow,
for example, from the upper point of said re-
peating coil winding through the plug and

jack to the limb of the line, when said talkimg

currents will divide, aportion flowing through
the winding of the linerelaybackto the lower
terminal of the said repeating coll winding,
while the other portion of said currents will
flow through the telephone at the distant
station and back over the other limb of the
line, through the other winding of the hne
relay, and back to the lower terminal of the
repeating coil winding. The talking current
thus flows through the windings of the line
relay in parallel, that is, 1 a direction to
cause the neutralization of the self-induction
of said relay.
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I claim:
1. The combination with a telephone line

office, of a battery at the central oflice con-

nected with said line, a line signal magnet.

having two windings, one in each line con-
ductor, said windings being disposed m close
inductive relation to each other, a second
telephone circuit and a connection switeh
adapted to establish the same in shunt of one
of sald windings, said windings being n-
cluded in the talking circuit and connected to
neutralize one another with vespect to tele-
phone currents in the united circult Howing
through said magnet.

2. The combination with a telephone line
extending from a substation to a central
office, of a battery at the central oflice con-
nected with said line, a line signal magnet ar-
ranged to display a signal when excited, said
magnet having two windings in the lime con-
ductors, respectively, sald windings being
disposed in close inductive relation to each
other and being connected so that the effects
therein of current from said battery will be
cumulative, a connection switch o1 the line,
and a telephone circuit adapted to be estab-

»

extending from a substation to a central
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lished thereby in shunt of one of the windings

of said line signal magnet,said windings being,
included in the talking circuit, a relay con-
trolled by current in said shunt for effacing
the line signal, and an indepenaent supervi-
sory signal also included in said shunt, as set
forth. '

3. In a telephone exchange system, tie
combination with metallic eircuit telephone
lines extending from substations to a central
office, of a battery at the central oilice con-
nected with said lines, a line signal magnet
for each line having two windings 1 close 1n-
ductive relation to each other included re-
spectively in the two sides of the line, & con-
nection switch terminal for each line connect-
ed with one line conductor thereor between
the line relay and the substation, and a single

link conductor adapted to unite the connec-

tion switch terminals of two lines, saia link
conductor being connected through an in-
duction device with one pole of said battery,
the two windings of the line signal magnet
being thus connected, respectively, in paral-
lel branches of the telephone circuit whicin 1s
established by said link conductor, sawd
windings being connected and disposed to

neutralize each other as to teiephone cur- !

rents 1n the link conductor circuit, while be-
ing cumulative with respect to current from
said battery.

4. The combination with a pair of metallic
circuit telephone lines extending from sub-
stations to a central office, of a battery at the
central office connected with said lines, a one-
wire cord circuit, connection switches for con-
necting said cord circuit with corresponding
limbs of said lines for conversation, a repeat-
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ing coil in said cord circuit having its middle
point connected with the pole of said battery
to which said limbs are connected, a line sig-
nal associated with each line at the central
office, means controlled from the substation
of such line for operating said signal, a cut-off
relay for each line controliing said line signal,
o circult therefor completed by the connec-
tion of said cord circuit with said line, and
supervisory signal controlling relays in said
cord-cireult controlled from the substations
of sald lines. .

5. The combmation with a metallic eircuit
telephone line extending from a substation to
a central office, of a battery at said central
oilice connected with said line, a line relay in

sa1d circuit, a line signal controlled thereby,

a springjack for the line, a branch conductor
uniting one Limb ot the line with said jack, a
cut-off relay in said conductor adapted to
render the line signal inoperative, a plug and
single wire cord-circuit adapted to be con-
nected with said jack, a source of current
connected with said cord-cireutt, and a cir-
cuit tor said cut-off relay completed when
sald piug and jack are united.

6. ‘'he combination with a metallic circuit
teiephone line extending in two limbs to the
central cifice, of a line battery having one
polie connected with one of said limbs, a re-
turn conductor connecting the other limb
with the otlier pole of said battery, a line re-
lay i said eircuit, a line signal controlled
thereby, a spring jack for the line, a branch

conductor uniting sald springiack with the

limb of the line connected with said return

~conductor, a cut-oii relay in said conductor

adapted when energized to render said line
signai Incperative, a plug and single wire
cord circuit adapted to be connected with
sald jack, a source of current for operating
said c¢ut-oii relay having one pole connected
with said return conductor and the other
pole connected to said cord ecircuit, and a
supervisory-signal-controlling device in said
cord eclrcuit unresponsive to current from

-sa1d source, biit responsive under the control

of tne subscriber during connection of the

cord circuit with his line, to current from

said line battery. _
7. 't'he combination with a pair of metallic

cireult telephone lines each extending in two

limbs from a substation to the poles of a

grounded central ofiice battery, of a single |

wire cord circuit, a repeating coil in said cord
circuit having its middle point grounded,
electrically controlled supervisory signaling
mechanisms 1 said cord circuit on opposite

931,330

sides of said repeating coil, and connection

switches for connecting said cord cireult with
the grounded litnbs of said lines, each of said
switches completing a
sponding signaling mechanism from the

circuit for its corre-

grounded repeating coil over the metallic cir-
cult telephone line to the {ree pole of the
grounded central battery, whereby said sig-
naling mechanisms are responsive to the con-
trol of the respective substations.

- 8. The combination with two metallic cir-
cult telephone hines extending from substa-
tions to a central office, of a battery at the
central office having its poles connected with
sald lines, of a one-wire cord circuit, con-
nection switches adapted to cennect said
cord circuit with corresponding limbs of the
lines for conversation, supervisory relays in
sald cord circult, one for each line, a source

01 current in a branch conductor connected

with said cord circuit between said relays, a
circuit therefor completed when the cord cir-
cuit 1s united with either ine, o master relay
in sald branch, said supervisory relays being
unresponsive to current from said source,
but adapted to respond under the control of
their respective substations to said central

office battery, and supervisory signals for

said lines under the joint control of said mas-
ter relay and supervisory relays.

9. The combination with two telephone
lines each extending in two limabs from a sub-
station to a central office, of a grounded cen-
tral battery having its poles connected with
the imbs of said line, a single wire cord cir-
cuit, connection switches adapted to connect
said cord circuit with the grounded hmbs of
said lines for conversation, a repeating coil
in said cord circuit, a grounded branch from
the middie point thereof, a battery in said
branch, a master relay in said branch, the
circuit of said battery being completed when

either connection switch is closed, super-

visory relays in said cord circuit on epposite

sides of said repeating coil, unresponsive to

said last mentioned battery, but responsive

under the control of the respective substa-

tions to current from said central office bat-

tery, supervisory signais for said lines, and

circuits therefor controlled jointly by said
master relay and supervisory relays.
In witness whereof, I hereunto subscribe

iny name this 3rd day of March A. D. 1906.

JAMES L. McQUARRIE.

Witnesses:
Roy f'. ALLOWAY,
. . BEAUBIEN.
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