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To all whom it may concerw:

Be it known that I, LEROY BROWN I‘IRMAN
of Chicago, in the eounby of Cook and State of
1llinois, have invented certain new and useful
Improvements in Telephone - KExchange Sys-
tems and Apparatus, of which the follow*mfr
IS a specification.

- My invention relates to that method of 1n-
tercommunication known as the ¢ district-

telephone’’ system, which consists of a cen-
tral station o1 stations connected by means of
radiating telegraph-lines with a namber of
sub-stations, the organization being such that
any two ol the sub- smtlons may be placed 1n
direct telephonic communication with each
other at a moment’s notice by the attendant
at the central station, who, upon being noti-
fied to do so, connects the two lines leading to
the 1@Spectwe sub-stations with each other.

Prior to the date of my invention, so far as
my knowledge extends, it was customary to
attach to each separate 111]6 at the central sta-
tion an electro-magnetic alarm or call bell,
and also an anuunclator having a separ ate
drop operated by a special electro- -magnet for
designating the line with which it was con-
nected. Itwas also necessaryto provideeach
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separate line with a battery for the purpose |

of transmitting signals from the sub-stations
to the central Stdtl{)[l or else to provide a sin-
gle battery at the cent1 al station of sufficient
power to supply all the sub -station lines.
When the number of linesentering the central
station is very large, the D]l]ltlp]lc:fbtl()l’l of sig-
‘naling-instruments and batteries necesmtated
by thls System becomes a source of great in-
convenience and expense.

The objects of my invention, speaking gen-
erally, are to obviate the ObJeGEIOIIS incident
to such systems as heretofore worked, to sim-
plity the 0pelat10u thereof, and to enable S10-
nals designating the respeetwe stations and
conversation between any two of such sta-
tions simultaneously to be communicated
through the system.
| My invention relates to the organization of
instrumentalities for earrying out the objects
of my invention; and it consists of certain
novel COI]]bh]‘LthHS and arrangements of old

50 elements, which combinations are specifically
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stated in the claims at the end of this specifi-
cation.

The object of the first pelt of my invention
‘18 to enable any one of a series of sub-stations
to transmit its designating-signal to the cen- gz
tral office, and to receive a'reburn-sigual with-
out inferfering with the transmission to the

central office of other designating-signalsfrom

other stations, which end I attain by combin--
ing upon one circuit a series of signal-trans- 6o
mitting instruments at different St.:Ltlons and
a common signal-receiving instrument at the
central stmtion with a SIgml transmitting 1in-
strument at said station and signal-receiving
instruments at different sub-stations upon in- 65
dependent cireuits radiating from the centr al
station.

The ebject of the next part of my 1111?&1113101’1

| 1S to enable any one of a series of sub-stations
to transmit its designating-signal to the cen- 7o

tral office without interfering with conversa-
tion between different stations of the systen,
which end I attain by combining a series of
signal-transmitting instruments at the differ-
ent stations and a common receiving-instru- 75
ment at the central station upon a telegraphic
cireuit, with a telephone at each sub-station
upon an independent wire exbeudmﬂ* thence
to the central station. -

The objects of the next part of myin vention
are to enable an operator atany one of a series
of sub-stations to transmit his designating-
signal to the central station to call the ﬁtteu
tion of the operator there, then to signify the
other station with which he desires to-com-
municate, and to enable the operator at the
central station to connect the sub-stations de-
siring communication, which ends I attain by
comblmng one or mole signal - transmitting
instruments at different Sllb stations and a
common recelving-instrument at the ceuntral
station upon one cucmt with a telephone at
each sub -station upon independent circuits
extending thence to the central station, a tele-
phone ’113 the central station, and conuecbmo
wires or switehes by which said telephones
may be connected at will with any one of said
sub-station circuits.

The object of the next part of my invention
18 to enable the operator at the central station 1oc
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readily to connect his signal-transmitting ap-
paratus with the swnal -recelving appmatus
of any sub-station of the system, which end I
“attain by combining a series of signal-receiv-
; ing instruments ab different sub-stations, each
instrument being inan independent circuitex-

tending from the central station to said sub- |
| tion 4 might be dispensed with. 75 -
 station and open at the “central station, with |

station, which circuit is grounded at the sub-

a signal-transmitting instroment at the cen-
tral station in a nor mally -open earth-cireuit,
and eonnecting wires or switches by Whl(}h
said earth-wire may be connected at will with
either of said independent open eircuits, so as

5 to form a closed circuit.

The object of the next part of my invention
is to enable the operator at the central station

B to put any two sub-stations of a system In di-

rect telephonic connection, which end I attain
by eombining a series of telephones at differ-
ent sub-statlons, each in an independent cir-
cuit extending from the central station to said
sub-station, which circuit is grounded at the
sub-station and open at the central station,
with a telephone at the central station In a

normally-open earth-circuit, and connecting

wires or switches by which said open earth-
~circuit may be connected at will with either
or both of the said independent wires, so as
toform a closed cirecuit.

-+ The object of the next part of my invention
1s to transmit and repeat or record at the cen-
tral station the designating number of any
one of a series of sub-stations without inter-
rupting telephonic communication between
- raid stations, which end I attain by com-
~ bining a series of automatic signaling instru-
ments (upon one circuit at different sub-sta-
tions) capable of transmitting determinate
and different signals, and a sounding or record-
ing instrument at the central station in said

circult with a telephone at each sub-station

upon an independent wire extending thence
- to the central station. -

The accompanying drawing repl esents a
district-telephone system embodymﬂ‘ my im-
provements. I have shown therein a central
station and three sub-stations, which 18 a suf-
ficient number to illustrate the principle of
my invention. The central station is sup-
posed to-be situated at some convenient point
at or near the geographical center of the sys-
tem, while the sub-stations 2, 3, &ec., are dis-
tributed throughout the whole area of the
district, as circumstances or convenience may
determine.

In carrying out my system of intercommu-
nication I connect each sub-station with the
central station by two separate and independ-
ent lines. One of these lines, W, Is common
to all the sub-stations in a system, or to a con-
siderable number of them, and is employed
exclusively for the transmission of signals
from the several sub-stations to the central
station. I prefer that this circuit should be
a metallic eircuit extending from one pole of
the battery E at the central station through
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| all the sub-stations in succession, and thence

back to the central station,and through the
receiving-instroment M to the other pole of 70
the battery; but it may be connected with the

“earth, say at station 4, and also at the plus-

pole of the battery L, _in which case that por-
tion of the line between the battery and sta-

The construction and arrangement of the
signaling - cirenit W and the &pparatus im-
mediately connected therewith which I ordi-

‘narily prefer to employ, is the same as that

which is made use of in what are known as 30

t ““distriet’’ and ‘‘fire-alarm’’ telegraph systems.

Ateachsub-station I placean automaticsignal-
box, as at S, which is provided with a cir-
cuit-—breaking wheel, &, so constructed that

“when the box is operated—as, for instance, 85

by turning a crank—the circuit will auto-

“matically be interrupted a certain number of
“times corresponding to the designa‘ing num-
“ber of the station. The construction and ar-

rangement of such a signal-box being well go
known it is unnecessary here to enter “into @

minute deseri ption of it; but I will remark that

where a large nu‘mber of sub-stations are
placed upon a single circuit it may be prefera-

“ble to employ a non-interfering signal-box— 95

such, for example, as that described 1n Letters

| Patent No. 113,649, granted to J. N. Game-

well, April 11, 1871—by which means any
confusion that might be liable to arise from
an attempt to transmit signalssimultaneously 100
from two different sub-stations at the same
time would be avoided.

In connection with the signaling-cireuit "Lb
the central station is plaeed a recelving ap-
paratus, preferably consisting of an ordinary 105
Morse relay, M, and a Morse register, R, op-

“erated bya local battery, L, the contact-points
~of the relay being so arranged as to close the

local circuit when the main circuit is broken,

and vice versa. I prefer to employ for this 110

purpose the well-known self-starting register,

and this may often with advantage be oper-

ated directly by the main-line current with-

out the intervention of a reldy and local bat- -

tery. 115
An electro- magnetic call-bell or alarm

may be placed e_lthel in the main or the local

circuit at the central station, but this will .

ordinarily be unnecegsary, as the sound of the

armature of the recording-instrument will 120

usually be sufficient to serve the purpose of a
call or alarm. In qystems of moderate ex-
tent it may even be sufficient to employ a

simple call-bell or sounder without any re-

cording apparatus whatever, and in such a 125
system the signal-boxes might 1n some cases
bereplaced by ordinary push-buttons or break-
keys, by which a person at any sub-station
might signal to the central station by tapping
upon his key or button in such a manner and at 130
such Iintervals as to transmit the required si1g-

nal. Telephonie transmitters might even be

~employed with advantage in many instances

in connection with atelephonic receiverat the
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central station, at which an attendant is con- |

stantly stationed. Thesedetailsmay be varied
in many ways, the essential point being that
any sub-station shall be able to transmit at
pleasure to the central station a signal which

shall designate the particular sub-station at

which it originates, and that such signal shaill

be instantly ecommunicated to the attendant

at the central station by means of a signal-
receiving instrument kept constantly in circulb
ab that point. g

Instead of a closed metallie cirenit with a
constant current, as shown in the drawing, 1t

may be more convenient in some cases to ar-

= range the signal-wire as an open-earth circuit:

by connecting one pole of the battery If to the
earth, and leaving the line W open or discon-
nected at the most distant sub-station. In
this case the signal-transmitting instruments
must be arranged so as to close instead of
break the cireuit when operated, and must be
placed in branch eircuits or tap-wires leading
from the signal-circuit to the earth. This
amounts to the substitution of an open for a
closed signal-cireuit, and the arrangement ot
the details of such asystem will be understood
by reference to Letters Patent No. 186,548,
oranted T. A. Edison, January 23, 1877.
At each sub-station—at station 2, for ex-
ample—in addition to the signal-transmitting
instrument hereinbefore described, thereisa
telephone, T? (which may have an additional
hand-telephone, %, connected therewith, it de-
sired,) a signal-bell, ¢ and a switch, p% by
means of which either the telephone or the
signal-bell- may be placed in connection with
the central station. I have shown a hand-
switeh in the drawing; but it is obvious that
an antomatic switch may be employed, if de-
sirable, which may be operated by the act of
removing the hand-telephone from 1its rest, or

of replacing it therein, as the case may be.

These telephones and switches may be of any
This tele-
phone and signal-bell are placed in a tele-
oraphic line or ecireuit wholly distinct from
and independent of the signaling-circuit W,
and which is connected to the earth at the sub-
station, but is normally disconnected or open
at the central station, as wiil hereinafter ap-
pear. | | | '
I prefer to make use of a special cireuait
arranged in the manner just deseribed from
the telephone at each sub-station directly to
the central station; but in many cases two or
more of these sub-station telephones may be
placed upon one and the same circuit for the
purpose of saving the expense of separate C1r-
cuits without departing from the general prin-
ciple of my invention. | |

At the central station theseparatelines con-
verging from the several sub -stations are
brought to a switeh-board or commutator, A,
which may be of any convenient form. 1pre-
fer in ordinary cases to use the simple and
well-known arrangement shown in the draw-

ing, which consists of a base board of wood, |

or other non-conducting material, to which
are secured a number of metallic strips or
plates, «* ¢® ¢*, one of which Is appropriated
to each line entering the office, and which
forms the terminal of such line. s

In addition to the apparatus hereinbefore

described I provide at the central station a
and signal-bell ¢, arranged In

telephone, T,
precisely the same manner as those ai the sub-
stations. This telephone and signal-bell are
placed in a wire which forms what is tech-

‘nically knownasan‘‘open earth-cireuit’” —that

is to say, a wire or line connected "at one end

a metallic tip, so that it may be inserted into
a corresponding hole in each of the line termi-
nalsa? &', &e. Of course, any other well-known

arrangement for connecting one wire with

either of several others will serve the same
purpose. _
vided with a Dbattery
electricity, B. Suitable detached flexible con-
ductors, one of which is shown at g, are pro-

3

The open earth-circuit w’ 18 pro--
or other generator of
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‘to the earth and the other end terminating
preferably in a flexible conductor, f, having

Qo

vided at the central station for connecting or

“coupling up the lines w* w’, &c.

The method of operating the system 1s as
follows: Suppose a person ab station 2 (lesires
to communicate directly with a person at sta-
tion 4. He first notifies the central station
by operating the signal-transmitting 1nstra-

‘ment §¢, which sets the receiving-instrument

R at the central station in action, whieh at-
tracts the attention of the attendent there, at

‘the same time informing him that station 2

desires to communicate. The attendant then
attaches the flexible conductor f to the termi-
nal ¢ of the switch A, and a closed circuit 1s
formed consisting of the lines w' and % 1n-
cluding the battery B and the signal-bells ¢
and ¢’. He then taps the signal-bell ¢* at sta-
tion 2 by
fying the person there that he 1s ready to at-
tend to him, and immediately switches his

telephone 1" into circuit by means of the
switeh p’. The person at station 2 does the

same, and by means of the telephone informs
the attendant of his desires, who thereupon
changes his conductor f to the terminal a¢*and

95
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means of the break-key k, thus noti-

110

115

signal station 4 in the same manner as he had

‘before signaled station 2, and upon receiving

a response connects the two lines together by
attaching one end of the cord g to the termi-
nal «* and the other end to the terminal
‘. = By attaching his own telephone to either
one of the terminals the attendant can listen
to the conversation and ascertain when the
parties have finished using the combined cir-
cuit, soas to disconnect it, as experience Shows
that an earth connection at the central station
does not materially interfere with telephonic
conversation Dbetween the sub-stations thus
connected, especially if a considerable resist-
ance is inserted in the wire w'. o

Thus it will be understood that by -the use

of my improved system alarge number of sub-

stations may be served by means of two bat-
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~Instrument at the central station, asinthe well-
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~ inbefore set forth, of a signal-transmitting in-
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‘cireuit, while the apparatus at the central sta.-

l1shed directly between sub-stations connected

“automatic transmitters capable of producing

teries of moderate power, one of which is used.
In a closed cirenit and the other in an open

tion is of a very simple and inexpensive char-
acter. | | |

~In a large city,where the character and dis-
tribution of the business is such as to necessi-
tate the use of two or more central stations,
each central station is made,as it were, a sub- |
station on the signaling-circuit of the other
station, and special trunk-wires are run from
terminals in the switch of one central station
to terminals in the switches of each of the
other central stations, by which means com-
munication may be easily and quickly estab-

i

with different central stations.
By the use of circuit-breaking wheelsin the

groups of breaks or dots upon the receiving-

known systems of fire-alarm and district tele-
graphs, a great number of different numerical
signals may be formed. The use of a particu-
lar numerical designation for each sub-station
removes the difficulty which might otherwise
arise in an extensive system from the confu-
sion of nameshaving more or less resemblance
to each other. | - |

I do not claim herein the art, method, or
system hereinbefore specified; neither do I |
cialm the combination, substantially as here-

Strument at a sub-station,and a, signal-receiv-
Ing instrument at the central station in one
circuit, and a telephonic transmitting and re-
celving instrument at each of the sub-stations
connected with each other by an independent
circuit, asthese constitute the subject-matter
of another division of this application; but I
limit'the claims to the specific combinations
and organization of instrumentalities therein
Specified. |

I claim as of my own invention— |

1. The combination, substantially as here-
inbefore set forth, of signal-transmitting in-
struments at different stations and a common
signal-receiving instrument at a central sta-
tlon upon one cireuit with a signal-transmit-
ting instrument at the central station and S12-
nal-receiving instruments at different sub-sta-
tions upon independent circuits radiating
from the central station.

2. The combination, substantially as here-
inbefore set forth, of signal-transmitting in-
struments at different stations and a common L

I
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signal-receiving instrument at a central sta-
tion upon a telegraphic circuit with a tele-
phone at each sub-station upon an 1independ-
ent wire extending thence to the central sta-
tion. | |
o. The combination,substantially as herein-
before set forth, of signal-transmitting instru-
ments at different sub-stations and a common
recelving-instrument at a central station upon

| one circuit with a telephone at each sub-sta-

tion upon an independent circuit extending
thence to the central station, a telephone at
the central station, and connecting wires or
switches by which said telephones may be
connected at will with any one of said inde-
pendent sub-station cirecuits. -

4. The combination, substantially as herein-
before set forth, of signal-receiving instru-
ments at different sub-stations (each in an in-
dependent circuit extending from the central
station to said sub-station, which circuit is

60
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grounded at the sub-station and open at the

central station) with a signal-transmitting in-

strument at the central station in a normally-

80

open earth-circuit and connecting wires or °

switches by which said earth-wire may be con-
nected at will with either of the said inde-
pendent open circuits, so as to form a closed
circuit. | | |

9. The combination,substantially as herein-
before set forth, of telephones at different sub-
stations (each in an independent circuit ex-

tending from the central station to the said

sub-stations, which circuit is grounded at the
sub-station and open at the central station)
with a telephone at the central station in a
normally-open earth-circuit and connecting
wires or switches by which said open earth-
wire may be connected at will with either or
both of the said independent wires, so as to
form a closed circuit. | |

6. The combination, substantially asherein-
before set forth, of automatic signaling-instru-
ments upon one circuit (at different sub-sta-
tions) capable of transmitting determinate and
different signals and a sounding or recording
instrument at the central station with a tele-
phone at each sub-station upon an independ-
ent wire extending thence to the central sta-
tion. | | |

Intestimony whereof I have hereunto si oned
my name.

LEROY BROWN FIRMAN.
Witnesses:

L. B. WiGHT,
WM. A. SKINKIL.
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