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To all whony it maiy concern:

e it known that I, ELLis F. FroST, a citi-
zen of the United States, residingat Washing-
ton,
taln new and useful Improvements in Tele-
phone-Circuit Systems; and I do declare the
following to be a full, clear, and exact descrip-
tion of the mventmn such as will enable oth-
ers skilled 1n the art to which it appertains to

make and use the same, reference being had

to the accompanying drawing, and to the let-
ters and figures of reference marked thereon,
which forms a part of this specification.

My invention 1elates to telephone-cireuit
Systemnis.

The object of my invention is to produce a
telephone-circult system which shall possess
the meritsof noveltyin arrangementand com-
bination of parts, of ease and cheapness of in-
stallation, of ease and fiexibility in extension,
and of simplicity and rapidity of operation.

My invention consistsin a bus-bar; asource
of electric energy one pole of which is con-
nected to the earth and the other pole of which
18 connected to the bus-bar; an energy-supply
line connected to the bus-bar, which supply-
line may be branched, as desired, and which
supply-line serves as a common return-line
for all telephone-circuits; one or more tele-
phone-lines normally g rounded at both ends,
but in contact with bhe supply-line when sig-
naling the central office and when in use for
talking purposes; various signaling and talk-
ing devices included in the telephone-lines,

as desired; a bridge-circuit connected to the

telephone-line and to the earth when the tele-
phone-line is connected for talking, in one
arm of which bridge is a microphone-trans-
mitter balanced by appropriate resistance in
each of the arms and in the ceross-circuit or
bridge-circuit proper of which is the primary
w111d1nn of an induction-coil in inductive re-
lation to the secondary winding of the induec-
tion-co1l, which secondary winding forms a
portion of the telephone-line; a receiving
magneto-telephone in the telephone-line when
connected for talking puarposes; one or more
local or operators’ telephone-lines connected
to the bus-bar, each containing the secondary
winding of an induc¢tion-coil; a bridge-circnit
connected to the bus-bar and to the earth, in

Distriet of Columbia, have invented cer-

transmitter balanced by appropriate resist-
ance in each of the other arms and in the
cross-circuit or bridge-circuit proper of which
is the primary winding of the induction-coil;
a bus-bar connected to earth; a source of
eleciric energyone pole of which is connected
to earth 'md the other pole of which is con-
nected through a circuit-breaker to a bus-bar,
and one ormore intercommunicating lines be-
tween the various operators’ telephone-lines;
and my invention further consists in one or
more transfer-lines between the various sets
of operators’ lines.

Reference being made tothe accompanying
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drawing, my iovention 1s particularly de-

scribed as follows:
A and D represent any two of any nu mbels
of sections of the system at the central office.
Three bus-bars C, D, and K are common to
all the seetions. A battery F has one of its
poles connected. to earth and the other pole
connected to the bus-bar C. A battery & has
one of its poles connected to earth, and its
other pole is connected through a circuit-
breaker H with the bus-bar D. The bus-bar
K is connected to earth by the wire a. An
energy-supply line I, this being also the com-
mon return-line for all the telephone-lines, is
connected to the buas-bar C and is branched
in any desired manner. When not in use,
all subsecribers’ telephone-lines are connected
to earth at the subseriber’s station and to the
bus-bar K atthe central office.

included, as shown at IS at the subseriber’s

station in lines 1, 3, and 8 and at L at the cen-

tral office in lines 1 to 15, inclusive. For
clearness the signaling devices are not shown
in the other lines at the subseriber’s station.
The line I serves two funections, one fune-
tion that of a common return-line for the tele-
phone-lines when connected to it at the sub-
seribers’ stations and to the bus-bar C, either
directly or indirectly, through the operator’s
telephone-line, or when two telephone-lines
are connected to it at the subseribers’ stations
and to each other at the central ofiice another
function, that of supplying a battery-current
to each subseriber’s station by reason of the
connection of the line I to the battery F. Af
each subscriber’s station there is appropriate

one arm of which bridge i1s a microphone- | mechanism for disconnecting the telephone-

In each tele-
phone-line appropriate signaling devices are
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line from the earth and for connecting it to | ply or common return line I as shown id

the common return-line I and for eonuectmn'

the talking apparatus in proper relation to

the telephone-line, as desired—as, for 1n-
stance, the switches shown in line 10. This
switching mechanism forms no part of this
invention.

At the central office there is appropriate
mechanism for connecting the various tele-
phone-lines with each ot the bus-bars C, D,
and E, with each other of the same set or of
any other set, or with the operator’s tele-
phone a.ppa,ra,tus, as desired; but this mech-
anlsm forms no pa;ft of this lnventlon

~ At the subscriber’s station when the sub-
scriber’s line is connected for talking pur-
poses the subscriber’s signaling devwe is cut

~out of the line, the 1ine being connected to

the common return or energy-supply line I,
the secondary winding of the induaction-coil

- M and the receiving magneto -telephone N
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being included in the line. Also connected
to the line between the common return or en-
ergy-supply line I and the secondary wind-
ing of the induction-coil M is the microphone-
transmitter circuit O. This microphone-cir-
cuit O divides intofour arms, constituting the
arms of a bridge, in one arm of which the mi-
crophone- tmnsmwtel P is included, the cir-
cuit being then connected to the earth by the
wire b. The cross-circuit or bridge-circuit
proper includes the primary Winding of the
induection-coil M. |

At the central office for each operator
there is an operator’s telephone set consist-
ing of a line connected to the bus-bar C and
including the resistance U, the secondary

- winding of the induction- 0011 Q, and the re-
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ceiving magneto-telephone R. A bridge-cir-

cuit is conneeted to the bus-bar C and leldeb
into four arms, one of which contains the mi-
¢rophone-transmitter 1', properly balanced by
resistance in each of the other arms, this cir-
cuit being also connected to the bus-bar K, as
shown. I‘he cross-circuit or brldﬂ'e-elrcuw
proper includes the primary Wludmn* of the
induction-coil Q. Connected to ectch oper-
ator’s belephone -line and extending to each
other opemtor s telephone-line are bhe inter-
communicating lines V and W. Also ex-
tending between each and every sel of tele-
phone - “lines are transfer- -lines, only one, X,
being shown in the figure. It 1s clear when
all bhe lines are out of nse that only the bus-
bar C and the energy-supply or common re-
turn line I are in a state of static charge.
The operation of my invention is as follows:
The lines when in their normal state—:z. e.,
when not in use—are connected at the sab-

‘seriber’s station to the earth, as at ¢, in line

1 and atthe central office to the earth through
the bus-bar E, the subscriber’s and central-
office Slﬂ'ﬂd,llnﬂ‘ device beling in the line.
When a Subscrlber desires to swnal the cen-
tral office, he removes the line irom its earth

QT vVice versa.

line 2. The subscriber’s &,lﬂ'na,lmﬂ' device
may or may not be in the line. Thls connec-
tion permits the current to flow from earth to
battery F, line 1, line 2 to bus- bar E, to earth,

ThlS current-flow serves to op-
erate the signaling device L of line 2 at the
central office. When the operator at the cen-
tral office desires to signal a subsecriber, as
shown in line 3, the operator disconnects the
line from the bus-bar K and connects it with
the bus-bar D. This connection permits the
current to flow from the earth to battery G,
the circuit- breaker H, bus-bar D, line 3 to
earth at d, or vice versa, the signaling devices
being mcluded in the hne - This current-flow
serves to operate the hlg]ﬁlth]lﬂ‘ devices L and
K, and thus call the subscriber. The circuit-
breaker I is used if the subscriber’s signal-
ing device requires that the circult be 1111361 -
rupted for its action. Otherwise the circuit-

_breaker H may be dispensed with, the bat-
tery G being connected direct to bhe bus-bar
D or the battery G, and bus-bar D may be dis-

pensed with, and the line may be connected
to the bus- bELI C, the current from the bat-

tery If opemt,mﬂ' the signaling devices L. and
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K. When it is desirable that two telephone-

circuits be connected for talking purposes,
they are connected to the l‘)dbtel y supply or
common return line I at each subscriber’s
station and to each other at the central office,
as shown in lines 4 and 5 and 10 and 11.
When it is desirable that a subscriber talk to
the operator at the central office, the sub-
seriber’s line is connected to the battery sup-
ply line or common return I and to the op-
erator’s telephone- line, as shown 1in line 6.
When itis desirable that a line of one section
be connected to aline of another section—as,
for instance, line 7 of section A with line 9 of
section B—for talking purposes, the sub-
seriber of line 7 of section A disconnects his
line from the earth and connects it to the bat-
tery supply or common return line I, and the
central-office operator of section A connects
the line 7 to the transfer-line X. Alsothesub-
scriber of line 9 of section B disconnects his
line from the earth and connects it to the bat-
tery supply or common return line I, and the
central-office operator of section B conuect%
the line 9 to the transfer-line X. The line I
is of a relatively low resistance to that of the
telephone-lines,so that the electric currents of
one telephone-line will not find their return-
path over another telephone-line, thus avmd-
ing whatistechnically knownas ‘ eross-talk.”
When the operator of section B, for instance,
wishes to listen or converse Wlth the two con-
nected lines 7 and 9, the operator’s telephone-
line is connected to the two connected lines
in derived or shunt circuit, as shown at Y.

| When one operator desires to converse with

another—as, for instance, operator of section
A with oper a,tm of section B—operator of sec-

connectlon and connects it to the energy-sup- | tion A connects her teleghone -line to the in-
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tercommunicating line W, or the operator of
section B may connect her telephone-line with
the intercommunicating line V. The resist-
ance U in the operators’ telephone-linesserves
to prevent complete short-circuiting of an op-
erator’s telephone-line when connected with
asubscriber’s line. When a signaling device
which requires an interruapted current to op-
erate 1t is at the subscriber’s station and the
signaling device at the central office requires
a constant current for its operation, then
should a subsecriber of one of two connected
lines signal the central office in the usual
manner—i. €., by connecting his line to the
energy-supply line I, as ShOWIl in lines 12 and
13—only the central-office signal would re-
spond. When two telephone-lines are con-
nected together and the subscribers have re-
stored their lines to the earth, the operator
may,if desirable, connect her local telephone-
line with the two connected telephone-lines
by bringing the terminal of her operator’s
telephone-line into contact with the connect-
ed subscribers’ lines.

In place of the bridge-circuits for the mi-
crophone P the microphone P in series with
the primary winding of the induction-coil M
is connected to the line and to the earth, a

condenser Z being connected in sbhunt around

the microphone P and the coil M, as shown
in line 10.

I claim—

1. In a telephone-circuit system the combi-
nation with a plarality of subsecribers’ sta-
tions, a bus-bar, a source of electric energy
one pole of which 1s connected to the earth
the other pole of which is connected to the
bus-bar, of a common return-line for said sta-
tions connected to the bus-bar.

2. In a telephone-circuit system the combi-
nation with a plurality of subscribers’ sta-
tions, a bus-bar, a source of electric energy
one pole of which is connected to the earth
the other pole of which is connected to the
bus-bar, and a common return-line for said
stations connected to the bus-bar, of a bus-
bar directly connectied to the earth and indi-
rectly connected to the first-mentioned bus-
bar. '

3. In a telephone-cireuit system the combi-
nation with a bus-bar, a source of electric en-
ergy one pole of which 18 connected to the
earth the other pole of which is connected to
the bus-bar, a common return-line connected
to the bus-bar, and a bus-bar directly con-
nected to earth, of a telephone-line connected
to the directly-grounded bus-bar and extend-
ing between the said bus-bar and the earth
and means for connecting the bus-bars.

4. In a telephone-circuit system the combi-
nation with a plurality of subseribers’ sta-
tions, a bus-bar, a source of electric energy
one pole of which is connected to the earth
the other pole of which is connected to the
bus-bar, and a common return-line for said
stations connected to the bus-bar, of a bus-

F
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bar connected through a circuit-breaker with
one pole of a source of electric energy the
other pole of which is connected to earth and
means for connecting the bus-bars.

5. In a telephone-circuit system the combi-
nation with a bus-bar, a source of electrie en-
ergy one pole of which is connected to the
earth the other pole of which is connected to

the bus-bar, a common return-line connected
bar connected

to the bus-bar, and a bus-
through a circuait-breaker with one pole of a
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source of electric energyv the other pole of

which is connected to the earth, of a bus-bar
directly connected to the earth and means for
connecting the said bus-bars.

6. In a telephone-circuit system the combi-
nation with a bus-bar,a source of electric en-
ergy one pole of which is connected to the
earth the other pole of which is connected to
the bus-bar, a common return-line connected
to the bus-bar, a bus-bar connected through
a circuit-breaker with one pole of a source of

80

electric energy the otherpole of which iscon-

nected to earth, and a bus-bar directly con-
nected to the ecnbh of a telephone-line con-
nected to the dir ectly orounded bus-bar and

oxtending between the said bus-bar and the

earth and means for connecting the said bus—
bars. |

7. In a telephone-circuit system the combi-
nation with a plarality of subscribers’ sta-
tions, a bus-bar, a source of electric energy
one pole of which is connected to earth the
other pole of which is connected to the bus-
bar, a common return-line for said stations
connected to the bus-bar, and a bus-bar di-
rectly connected to earth, of a telephone-line
connected to the common return-line and the

“directly-grounded bus-bar.

3. In a telephone-circuit system the combi-
nation with a bus-bar, a sourece of electric en-
ergy one pole of which 1s connected to the
earth the other pole of which is connected
with the bus-bar, a common return-line con-
nected to the bus-bar, and a bus-bar connect-
ed through a circuit-breaker with one pole of
a source of electric energy the other pole of
which 18 connected to the earth, of a tele-
phone-line connected to the last-mentioned
bus-bar and to the earth and means for con-
necting the bus-bars.

9. In a telephone-cireunit system Lhe combi-

nation with a bus-bar, a source of electric en-
ergy one pole of which is connected to the
earth the other pole of which is connected to
the bus-bar, and a common return-line con-
nected to the bus-bar, of two telephone-lines
adapted to be connected to the common re-
turn-line and to each other, and means for

completing the battery-circuit.

10. In a telephone-cireuit system the com-
bination with a plurality of telephone-lines,
a bus-bar, a source of electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, and °
a common return-line connected to said bus-

19

05

100

105

I1I0

|

120

125

X 30




s

674,861

bar, any twoof thesaidtelephone-linesadapt- | bus-bar, and two telephone-lines connected t0
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ed to be connected to the earth and to cach
other. “

11. In a telephone-circuit system the com-

bination with a bus-bar, a source of electric
energy one pole of which is connected to the
earth the other pole of which is connected to
the bus-bar and a common return-line con-
nected to the bus-bar, of two telephone-lines
adapted to be conpected one of which 1is
adapted to be connected to the common re-
turn-line and the other to the earth. -

12. In a telephone-circuit system the com-
bination with a bus-bar, a4 source of electric
energy one pole of which is connected to the
earth the other pole of which is connected to
the bus-bar, acommon return-line connected
to the bus-bar, and one of a set of telephone-
lines connected to the common return-line
and one of another set of telephone-lines con-
nected to the common return-line, of a trans-
fer-line connecting the two said telephone-
lines. | |

13. In a telephone-circuit system the com-
bination with a plurality of subsecribers’ sta-
tions, a bus-bar, a source of electric energy
one pole of which is connected to the earth the
other pole of which is connected to the bus-
bar, of a branched common return-line for
said stations connected to the bus-bar, and
means for completing the battery-circult.

14. In a telephone-circuit system the com- |

bination with a bus-bar, a source of electric
energy one pole of which isconnected to earth
the other pole of which is connected to the bus-
bar, and a common return-line connected to
the bus-bar, of a local or operator’s telephone-
line connected to the bus-bar, and means for

- completing the battery-cirecuit.

40

15. In a telephone-cirecunit system the com-
bination with a plurality of telephone-lines, a

- bus-bar, a source of electric energy one pole
- of which is connected to earth the other pole
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of which is connected to the bus-bar, a com-
mon return-line forsaid lines connected to the

bus-bar, and a local or operator’s telephone-.
circuit connected to the bus-bar, any of said
telephone-lines adapted to be connected tothe |

common return-line and to the operator’s tele-
phone-circuit, and means for completing the
battery-circuit. |

16. In a telephone-circuit system the com-
bination with a bus-bar, asource of electric
energy one pole of which is connected to the
earth the other pole of which 1s connected to
the bus-bar, a common return-line connected
to the bus-bar, and two telephone-circuits con-

nected to each other and to the common re- |

turn-line, of a local operator’s telephone-line
connected to the bus-bar and to the two con-
nected telephone-lines, and means for com-
pleting the battery-circuit.

17. In a telephone-circuit system the com-
bination with a bus-bar, a source of electric
energy one poleof which isconnected toearth

|
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the earth and to each other, of a local oper-
ator’s telephone-line connected to the bus-bar
and to the telephone-lines. :

18. In a telephone-circuit system the com-
bination with a plurality of telephone-lines,
a bus-bar, a source of electric energy one pole

of which is connected to the earth the other

pole of which is connected to the bus-bar, a
common return-line for said telephone-lines

connected to the bus-bar, and a telephone-line

adapted to be connected to the common re-
turn-line, of a bridge-circuit connected to the
telephone-line and to the earth.

19. In a telephone-c¢ircuit system the com-
| bination with a plurality of telephone-lines, a

bus-bar, a source of electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, and

- a local operator’s telephone-line connected to
the bus-bar, of a bridge-circuit connected to

the bus-bar and to the earth.

20. In a telephone-circuit system the com-
bination with a plurality of telephone-lines, a
bus-bar, a source of electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, a
common return-line for said telephone-lines

connected to the bus-bar, any of the said tele-

phone-lines adapted to be counected to the
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common return-line, of a bridge-circuit con-

nected to any of the said telephone-lines and
to the earth and in inductive relation to the
said telephone-line. |
21. In a telephone-circuit system the com-
bination with a plurality of telephone-lines,a
bus-bar, a source of electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, a
common return-line for said telephone-lines
connected to the bus-bar, any of the said tele-
phone-lines adapted to be connected to the
common return-line, of a bridge in cirecuit
with a microphone-transmitter connected to
any of the said telephone-lines and to the
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earth and in inductive relation to the said '

telephone-line.

9292. In a telephone-circuit system the com-
bination with a bus-bar, a source of electric
energy one pole of which is connected to the
earth the other pole of which is connected to
the said bus-bar, and a plurality of operator’s
telephone-circuits connected to the said bus-
bar, of an operator’s intercommunicating line
adapted to be connected to the said operator’s

telephone-circuits, and means for completing

the battery-circuit.

23. In a telephone-circuit system the com-
bination with a plurality of telephone-lines, a
bus-bar, a source of electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, a
common return-line for said telephone-lines
connected to the bus-bar, any of sald tele-
phone-lines adapted to be connected to the

the other pole of which is connected to the A said common return-line and the earth, of a
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microphone, a condenser and an induction-
coll the primary winding of which 1s in series
with sald microphone and shunted by the said
condenser. |

24. In a telephone-circuit system the com-
bination with a plurality of telephone-lines, a
bus-bar, a source ot electric energy one pole
of which is connected to the earth the other
pole of which is connected to the bus-bar, a
common return-line for said telephone-lines
connected to the bus-bar, any of said tele-
phone-lines adapted to be connected to the

! said common return-line, of a microphone, a
condenser and an induction-coil the primary
of which is connected in series with said mi- 135
crophone and shunted by the said condenser
and connected to the earth and inductively
to the said telephone-line. |

In testimony whereof I affix my signature
in presence of two witnesses.
ELLIS If. FROST.

Witnesses:
F. A. LEHMANN,
, ROSANN SMITH.
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