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To all whom it ma,y concern:

Be it known that I, JOHN H. MASON, a citi-

zen of the United States residing at Philadel-
phia, in the county of Phlladelnhla and State

'3 of Pennsylvania, have invented certain new
and useful Improvements in Telephone Sys-
tems, of which the following is a specification.
My invention has reference to improve-

- ments in telephone systems, and has for its
10 object an improved system of telephoniec in-
tercommunication "between any number of
pairs of stations disposed along a trunk-line
and stillavoidingall cross-talk, notwithstand-

| ing the great saving of econductors which I se-
15 cure. In mysystem acomplete metallic cir-
cuib 1s used between each pair of conjugated
stationb, and still the number of line-wires
used is reduced in such manner that when |

comparatively high resistance.

also preferably, but not necessarily, made of
If the resist-
ance of the receiversiscomparatively low, an
extra resistance should be added to the wire

which connects it with the line 2. 55

-+ In the arrangement 8o far described it will

be seen that the transmitter and receiver at
each station form together a multiple -are
branch of a system of transmission of elec-
trical energy fed by a source of constant poten- 60
tial and low internal resistance, the same as
is exemplified by a modern system of incan-
descent electric lighting. In such systems
the cutting in or out of one branch does not
dppreclably affect the other branches. Con- 65
sequently where the multiple-are branches
contain telephonic apparatus the variation
of the resistance of one branch will not ap-

there are n stations the number of line- wwes I preciably affect the other branches, and from

20 used i1s only n 4 2.

The principle of my invention and the
means for carrying the same into effect will
appear from the following detail description,
with reference to the accompanying drawin gs,

25 1n which—

Figure 1 111ustra,tes in diagram six tele-

| phone-stations connected in accordance with

my invention in such manner that three pairs

of 1antercommunicating stations may be

3o worked simultaneously. Fig. 2 is alsoadia-

grammatic view showing my system with 8ix

stations, each capable of communicating with
every other one without cross-talk.

| The fundamental idea which underlies my

35 invention is most readily understood by ref-

-~ erence to KFig. 1. Two main lines 1 2 are

charged by a battery 3 or other source of cur-

rent, and; by preference, thesource of current

is one of low internal resistance. A storage

40 battery would most readily recommend itself

for use in my system; but any other suitable
source of current may be used. In multiple- |
arc branches across the two main lines are ar-
ranged the telephone-stations A BC A’ B’ €',
45 the equipment of which isshown in the draw-

ings as reduced to a transmitter T and a re-

ceiver R 1n series with each other. By pref-

erence, although not necessarily so, 1 use
transmitters which in a state of rest have a
s0 rather high resistance.

The recelvers are

1

this it follows that speech uttered against any 4o
one of the transmitters will not appreelably
affect the receivers in the other -branches.
Under these circumstances then telephonic
Intercommunication cannot be practically
carried on.

Nowin accordance with my invention there
are used, in addition to the two main lines 1
2, aumllary lines, one extending between
each pair of statwns which are deswed to be
put into communication. These auxiliary 8o
lines are marked in the drawings 4, 5, and 6,
each terminating at the respectwe stations
between the transmitter and receiver, and in
each may be placed one or more condensers

L, as indicated. Thus the auxiliary line 4, 8s

75

which connects the stations A and A, termi-
natesat these stations at the points « and o/,
respectively. The auxiliary line 5, which
connects the stations B and B’, terminates
there at the points v and y’', respectively, go
and the auxiliary line 6, which connects the
two stations C and C', terminates at the
points z and z', respectively. By reference
| to the drawings it is seen that 1f we consider
any one of two conjugated stations—say A g5
and A'—the current from the battery divides
upon the line 1, one branch running to the
left and the othel to the right, and each
branch completed through a transmlttel and
receiver and one-half of the main line 2, as 100
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indicated by the unlettered arrows marked |

on the drawings. In this arrangement of
cireuit the left-hand half of the main line 1,
together with the transmitter at station A
fmms one side of a Wheatstone balance,
the right-hand half of the main line 1, to-
gether with the transmitter at station A,

forming the other side of the Wheatstone

balance which branches from the first. Simi-
larly the left-hand half of the main line 2,
together with the receiver at station A, forms
the third side of.the Wheatstone balance,
while the right-hand half of.the main line 2,
together with the receiver atstation A’, forms
the fourth side of the Wheatstone balance.
The points « and « are equipotential points,
under the assumption that a balance of re-
sistances exists as in the Wheatstone bal-
ance. Consequentlyinthe normal condition
of transmitters at stations A and A’ no cur-
rent will flow through the auxiliary line 4,
which here constitutes the bridge-wire of the

W heatstone balance, even if the condensers
L were not placed in that line.

What has here been said about the auxil-
iary line 4 with reference to stations A and

A’ is also true of the auxiliary line 5 with

reference to stations B and B’ and is also
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6o

true of the auxiliary line 6 with reference to
stations C and C'—that is to say, each of the
auxiliary lines constitutes a bridge-wire of a
Wheatstone balance, of which the portions
of the main lines which extend from the bat-
tery to the pairs of conjugated stations with
their transmitters and receivers form the
sides. These sides must be balanced as re-
spects resistance in a manner well understood
by those skilled in the art in order that the
best effects be produced—that is to say, in
order that no current at all may flow in the

bridge-wires or auxiliary lines even if the |

condensers I. were not used.
however,
necessary.
Under the assamption that the Wheatstone
balances are in a state of practical equilib-
rium and that speech 1s uttered against any
one of the transmitters—say against the trans-
mitfer of station A—the resistance on that
side of the balance which extends from the
battery along the left-hand half of the main

I have found,

line 1 and through the transmitter up to the |
point « is varied, is alternately increasued and |

deeleabed When this happens, the points
x and x' will be at different potentials and
current will flow through the auxiliary line
or bridge wire 4 first in one direction and
then in the other.

When the resistance of the transmitter is
reduced, the current takes its course as fol-
lows: from the positive pole of the battery
to the juncture of the same with the middle
of line 1. At this point the current divides,
one part passing through the left-hand half
of line 1, through the transmitter and receiver
at station A, and through the left-hand half

that such critical balance is not |

724,594

tery. The other half passes from the junc-
tion of the positive pole with the line 1 over
the right-hand half of line 1, through the
transmitter and receiver at station A', and
by the right-hand half of mainline 2 back to
the negative pole of the battery, all in the
directionsindicated by the unlettered arrows.
The resistance of the transmitter at A having
been reduced, the current through the left-
hand side of the Wheatstone balanee will be
stronger than that through the right-hand
side. Consequently the potentialof the point
x will be higher than that of the point o', and
& momentary electrical impulse will pass
through the bridge-wire 4 in the direction of
the arrow /&, which will be added to the cur-
rent already passing through the receiver at
station A'. The passage of this momentary
1mpulse will not be impeded by the presence
of the condensers in the bridge-wire.

When the resistance at the transmitter at
station A 1is increased, the current through
the main lines will pass as before; butin this
case the current passing through the right-
hand side of the balance will be greater than
that on the left-kand side. In consequence
thereof the potential at pointx’ will be higher
than that at ©x and a momentary impulse will
pass through the bridge-wire4in thedirection
of the arrow /£ and which will be added to the
current already passing through the receiver
at station A.
strength through the receivers is varied and
speech 1s reproduced.
that when speech is uttered against the trans-
mitter at A both the home receiver and the
distant receiver at A’ are actuated by unidi-
rectional varying currents, while alternating
currents flow through the auxiliary line or
bridge-wire4. Duringsuchoperation neither
of the intermediate stations is affected.

What has been explained with reference to
the two conjugated stations A and A’ is also
true of the conjugated stations B and I3’ and
of the conjugated stations C and C'. Either
of these pairs of stations mayv converse with
each other without affecting the other, since
each pair has its own auxiliary line or bridge-

| wire.

In the arrangement so far described, where
the system is a rigid one—that is to say un-

In this manner the current.

Thus it will be seen
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alterable—owing to the absence of switches

each bridge-wire or auxiliary line can only
serve for two particular stations; but when
tae system isequipped asshown in Fig, 2 each
bridge-wire may do service for more than two
stations. In fact, it may serve for eonnect-
ing one station with any of the other stations
of the system. While, therefore, in the ar-
rangement shown in IFFig. 1 it is possible only
to converse between three pairs of stations,
there being altogether six stations, it is, with
the arrangement shown in Fig. 2, possible to
establish intercommunication of each station
with every other station on the system, and
there being six stations altogether fifteen

of line 2 back to the negative pole of the bat- | different combmatlons are posmble, although
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eniy three can work simultaneou'sly
2 the main line 1 2 is charged by a source
of current 3 in the same manner as in the

case of the arrangement shown in Fig. 1; but
in this case the auxiliary lines 4, 5 0, 7 3, .
and 9 extend throughout the whele lenﬂ'th of |

the main line, and brauch connections from

the same terminate at each station at the con-

tacts of a switchboard, which contacts are
marked a bcde . The stations themselves
are in this figure of the drawings marked A,

B, and C at one end of the lineand D E F at
- The equipment of |

the other end of the line.
the stations is identical, so that the descrip-
tion of the arrangement at one station will
serve for all other stations.
for 1nstcmce, the station K, it will be seen tha,t

the main line 1 is extended into this station
by conductors g & to a push-button ¢, the

other side of which push-button is connected
with the switch-lever s, which can be turned
over any of the eonta_cte- at which the auxil-
iarylines terminate at thisstation. The other
main line 2 is connected by conductors ¢’ A/

with one of the two springs ¢ u, with which |
the telephone-heek [ makes eentaet when the

receiver is in place. From a point o on the

conductor /o a branch »* is extended to the
telephone -recelver R, the other end of which
1s connected by conductors 7% to one of the |
two springs ' ', with which the telephone-

hook makes eentaet when the receiver is re-

- moved from the hook, the other one of these
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springs ¢’ being connected with the same wire

whlch eonneebs the rear side of the push-but-

ton with the sw1teh lever,as before described.
From a point o’ of the. conductor &' a shunt-

wire h* connects with one termiinal of the

transmitter T, the other terminal of which is
connected by a conductor A° with the tele-
phone-hook. The contact-spring « is con-
nected by conductors u? with I;he call-bell X,
which in turn is connected with one of the
contacts of the switchboard, in this case with
the contact f,which may be called the ‘““home”
contact of station K. Each station has such
a home contact—station A, the home contact

a, station B, the home contact b, &e.

Suppose now any one of the stations de-

sires to establish communication with any of |

the other stations. The rule of the system is

that each party shall keep his switch- lever

53

normally upon hishome contact.
essary 1n order that each party may be in con-
dition to speak or be spoken to after it has
received a call. If now station F desires to

“establish communication with, say, station B,

6o

the operator at F will turn the switch-lever

upon contact b, as shown, and will operate

the push-button 2. This sends a battery-cur-
rent through the call-bell of station B, as fol-
lows: frem the main lme 1 by conductors. g

h, through push-button 2, to switch-lever s,

3

Lentact b , auxiliary wire 8 to station B, which

it enters at contact b at that station and then
passes to and through the call-bell. and by

conductors «? to spring-contact, then by the

Taking, then,

Thisisnec-

|

|

riseto bridge thespring-contactst w'.

In Fig. | telephone-hook across to the spring-contact

t, and from thence by conductors 4’ and con-
ductor g' to the main line 2, and thus back to
the battery. Havingmade the signal, the op-
erator at K lifts his telephone from the hook,
whereby the latter is a,llowed to rise and
bridge the spring-contacts ¢ «', asis usual in
telephone systems, while the opera,ter at B

the telephene from the hook, which will also

_ In this
éondition the two stations B and F are in

speaking connection and in the same kind of

speaking connection as is found between any
of the two conjugated stations shown in Fig.

1—that is tosay, the transmitter and receiver
at each station are connected in series across
the main line and a pomt between the trans-
mitter and receiver at one station is connect-
ed with a point between transmitter and re-

“ceiver at the other station by the auxiliary

line or bridge-wire 8. ‘T'his can be traced as

follows: The main lines terml'nate at the sta-

tion F at the two points 0.0', and between
these two points the transmitter and receiver
are shunted in series with each other, as fol-
lows: from conductor 22 to and through the
reeelvel and by conductors A® te spring-con-
tact «, to the telephone-hook I, then by con-
dueter h® to and through the tranqmltter and
by conductor At to the point o’. This closes
the shunt across the main eonduetors, with
the transmitter and receiver in series. Now
one point of this branch circuit would be on
the telephone - hook, and since this latter
makes contact with spring t the upper point

‘of that spring—the point 2'—is also a point
in the branch between the transmitter and

70

- 75
1 having received the signal, will likewise lift
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receiver, and this point, as we have seen, is

connected with the switch-lever, which in
turn rests upon the contact b, which is con-

nected with the auxiliary line or bridge-wire

8. Precisely the same connections are found
at station B, where the point ¥ corresponds
to point &’ at station F, so that it is true that

these two stations are now in speaking con-

nection in the same manner as any two con-
jugated stations shown in Fig. 1.

It will now be understood that each station
may call every other station by turning its

switch-lever upon the contact which is marked

with the letter corresponding to that under
which the station to be called is or may be
known and then operating its push-button.

The presence of the condensers L in the

I1O
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auxiliary lines while not impeding the pas-

sage of telephonic currents does prevent the
passage ot direct currents from accidentally
crossing neighboring electric conductors or
from other sources.

Itis evident thatin the arrenﬂ*ement shew B
in Fig.1 the locations of tr a,nsmltters and re-

130

ceivers may be e:x:eha,nged without aﬁectmw
the operetwn of the system. . While this oper-

ation is simple and. efficient-and the circuit
connections here shown are well adapted to:

125

accomplish the result aimed at,it will be clear
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to those skilled in the art that numerous
other circuit arrangements may be employed

to accomplish the same result in accordance

with the prineciples of my invention. I there-
fore wish it to be understood that I do not
propose to be limited to the employment of
the specific arrangement herein shown and
described nor am I limited to the arrange-
ment of transmitters located directly in the
charged main-line circuit, since it is evident
that I can use transmitters in local-battery
circuits connected with the line by means of

- induction-coils in the usual manner. In that

5
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case the secondaries of the induction - coils

would take the place of the transmitters

shown in the arrangements represented In
thedrawings, and thecurrentsin the branches
of the Wheatstone balance would be modified
by variation of electromotive force instead of
by variation of resistance; but the result
would be the same. The receive may of

course be also inductively connected with the
line.

Having thus fully desceribed my invention,
what I claim, and desire to secure by Letters
Patent, is—

1. A telephone systein comprlsmﬂ' a num-
ber of stations capable of being variously con-
nected in pairs, with the trausmibters and re-
ceiversof each pairnormallyin substantially
balanced sides of a Wheatstone balance, and
auxiliary lines each adapted to terminate be-
tween transmitter and receiver at two con-
nected stations and constituting the bridge-
wire of the Wheatstone balance, substan-
tially as described.

2. A telephonesystem comprising a charged
main line, a telephone transmitter and re-
celiver for each station, connected in series,

40 and both in a branch across the main line, ;

and an auxiliary line adapted to connect 4

point between transmitter and receiverof one
station with a like point of another station,
substantially as described.

3. A telephone system having the trans-

| mitter and receiver at each station connected

in series and both in a multiple-are branch
of a charged constant-potential main line,

- whereby the instruments of each pair of sta-

tions are each in a side of a Wheatstone bal-

i ance, and auxiliary lines for connecting sta-

tions in pairs and constituting the bridge-
wires of the Wheatstone balances constituted
by such pairs, substantially as described.

4. The combination of a main line, a gen-
erator of low internal resistance for charging

50
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the line, a telephone transmitter and receiver

for each station, both of high resistance, con-
nected in series with each other, and in a
branch across the line, and an auxiliary line
or lines forconnecting stations between trans-
mitter and receiver, substantially as de-
scribed.

00

5. A telephonesystem comprising a charged

main line, a telephone transmitter and re-
celiver for each station, connected in series in
a, branch across the main line, an auxiliary
line adapted to connect a point between trans-
mitter aud receiver of one station with a like
point of another station, and a eondenser or
condensers in each auxiliary line, substan-
tlally as described.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

JOHN II. MASON.

Witnesses:
J. JEROME LIGHTFOOT,
. T. CHAPMAN.
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