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To all whom it may concern:
Be it known that we, THEODORE SPENCER,

residing at O&Iﬂb]ﬁ‘ldﬂ'e in the county of Mid-.

dlesex, “and THOMAS C. WALES, Jr., residing
at Boston in the county of Suf olk, State

of Massachusetts have invented certain Im-

provements in Multiple -dwitchboard Sys-
tems, of which the following is a specification.

This invention relates to multiple switeh-
boardsfor telephone-exchanges or central sta-
tions and to the species illustrated and de-
scribed in Letters Patent of the United States
No. 252,576, granted to Leroy B. Firman, Jan-
uary 17,1332, 1n which the main circuits from
the sub-stations pass to the several switch-
board-sections and are represented on the
sald sections by independent normally-dis-
continuous branch terminals in the form of
plug-sockets. Weassociate with this form of

switchboard means whereby the subscribers

at the sub-stations can call the operator at the

central station and whereby the said subserib-

ers’ transmitting-telephones are rendered op-
erative, such means consisting of a source or
generator ot electricity located at the central
station in.circuit with and common to all of
the sub-station circuits connected thereto. A

ing such means is shown in United States Pat-

ent No. 528,040, granted to Theodore Spencer

October 23, 1894. In this patent, however,
separate generators of electricity are used for
calling and conversational purposes.

In the modern telephone-exchange all of

the circuits are carried through the central

office with double wires or conductors, and

~ the sub-station circuits connected therewith

40

may be eitheror double or metallic conductors.
We provide for.
The conductorsthereof .

or of grounded conductors.
both kinds of ¢ircuits.
extend through the several sections of the

switechboard with normally-open branch ter-
minals in a socket at each section, each con-

ductor being connected through a separate

coil of the line- annuneciator in “such manner
that the annuneciator is operated by means of

one coll only, the other coil being magneti-
cally inoperative but present to preserve the
balance of the circuit, the

sald conductors
5o terminating at the opposite poles of a gener-.

ator of electricity common to all of the sub-
station conductors.

When any sub-station wishes to call the
central station, the telephone isremoved from
its hook, which act closes the circuit of the

~common generator of electricity, and the op-

erating-coil of the line-annunciator being en-
ergized, its target is displayed. The inser-
tion of one of a pair of looping-plugs into the
answering-jack of the circuit closes a loecal
battery-circuit through a third coil of the
line-annunciator -and resets the said annun-
ciator, and by means of a suitable bridging-
key the operator’s telephone apparatus is
broughtintocircuit with the sub-station. We
assoclate between the cords of each pair of
looping-plugs an amplification of the means
shown in United States Patent No. 474,523,
granted to . V. Hayes May 3, 1892, for en-
ergizing the transmitting-telephones at the
sub-stations and for repeating from one sub-
station circult into another. |

The local battery-circuit by means of which
the annunciator 18 reset forms a portion of
the test-circuit and has branches to each jack-
socket of the same sub-station circuit at each
section of the switchboard, and also has a
connection with one pole of the said common
generator of electricity, and when the tip of
the test-plug of a pair of looping-plugs is in
contact with the test-ring of the socket of a
called circuit, if the circuit is busy the usual
click is heard inductively in the operator’s
telephone.

The invention also relates to a form of line-
annunciator having three coils, located end
to end, two of the “coils being connected in
with the circuit-conductors, one in each con-
ductor, forming a balance, but only one of
them 1s In a position to operate the annunci-

ator, the third coil serving to &utomatleally

reset the annunciator.
The open terminal mulfiple S‘Wltehb(ﬁ)&ld
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provided with a common generator of elec-

tricity for sub-station calﬁng and conversa-
tional purposes, represents the latest improve-
ment in interconnecting systems, and in in-
troducing it at places where the ordinary sys-
tem is 1nuse,1n which each sub-station is pro-
vided with independent call - sending appli-
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ancesand an independenttransmitter-battery

is employed, the ehange in the sub-statron ap-
paratusisof necessity made gradually, allnew
sub-stations being fitted as they are opened
with the more modern devices, while the ap-

paratus at the older sub-stations is replaced

by the newer forms whenever found conven-
1ent.
shown herein an arrangement of the circuits
and apparatus wher eb; such sub-stations as
are provided with magneto-generators for act-

pendentlocal batteries for energizing the tele-
phone-transmitters, may still use these appli-
ances, and obtain service through the central-
office circuits described herein, all of which
we will now proceed to describe and specifi-
cally point out.

-In the drawings which form part of this

specification, Figure 1 is a diagram illustra-
tive of the invention, showing schematically
a central office A, to which are eonnected the
sub-stations Cand D, arranged to be operated
by means of a centralized generator of elec-
tricity, and a third SubrST&tl{)Il B, provided
with a local means for calling and speakmﬂ'
Fig. 2 1s a dragram to 11111&L1'£bte the method
of testmm mld Ifig. 3isalongitudinalsection
of the line-annuneiator empl_ﬂyed_ in. connec-
tion. with the invention.

A designates so much of the central office

invention, and consists in the ﬂppm‘atug
shown, comprisimg a pair of looping cords.and
plugs P P2 havingtheir sleeves connected by
wires 11 and 12 throughtwo windings®and 25,
of a repeating-eoll I, and their tips.connected
together by the wires 10, 15, 14, and 153
through two windings ¢ and ¢* of the repeat-
ing-coil I. An electric generator G is con-
nected in between the
which: the windings ¢ ¢* and 7% +* are also Te-
spectively connected.
helices 7 2* ¢ 7* upon. one core, one over the
other, or we may employ two separate repeat-
11’1“‘—(30118 consisting of two. helices or wind-
mges. only

The ringing and hstenmﬂ keys being well

known and standard applmnees are not

shown.

Contacts 21 and 22,
wire 18, bridging the wires 15 and 11, (but
shown as not touching said wires,) indicate
that the operator’s telephones ¢ and m may be
connected in, the wire 18, ineluding winding

and condenser 20.

The battery and transmitter m are bridg oed
in between the primary windings * and @“ of
the coil I¥, and ¢ is a Secon_dmy winding in-
cluded in wires 23 and 24, which: 1]1clude the
telephone ¢ in a loecal circuit.

Conduectors. 25 and 206 extend fl‘_’O."lI]:. points
16 and 17, respectively, and form continua-
tions from the poles of the generator & to the
double conductors 30 and 31 of the sub-sta-
tion circuits C and D, the. former represent-

To meet this transition stage, we have

| ::md rings beingin & socket.

anmmemter
40 and 43, provided Wl_t_]l brass or other non-
‘magnetic metal ends, or partitions 41 and 42,

. joined end to end in any suitable 1]151,111101
‘inclosed. in a. soft-iron. sheath 45, having a
-head 33 integral therewith.
wound with two. coils. f and e, separated by a
‘soft-irom. washer or partition 44, the end of
the coil e being closed by a hard -rubber
- washer 46.

Wemay wind the four |

pomts 16 and 17, to

connected at the ends of

551,056

ing a grounded line and the latter a complete
met&]lflc circuit. At each sub-station, when
the telephone is on its hook, a circuilt 1s com-
pleted through a high-resistance bell 7, and

“when the telephone is detached from its hook
‘a circuit is completed through the telephones
iy and .
section of the switehboard by branches c,

Each conductor 30-'comes to each

which terminate intip-springs 2,and each con-
ductor 31 comes to each section by branches
, which terminate in ringsy, both the springs
The conductor
50 extend% 13]11*011{1]1 the coil e of the line-an-

‘nunciator E and connects with the conductor
25, and the conductor-31 extends through the
eoil fupon the same core and connects with
~conductor 26.

The locking-coil g of the line-annunciator
is. conneeted on one side by wire 6 with 1;110

‘springs. 8. and by wire 5 with the fest-rings z

of each socket and from its other side by

wires 50, 39, and 7 to the springs. 1 of each
soeket, mcludmﬂ the testing-battery p.
& pomt 23 on tlw wire 50 a wire 27 extends to
‘the upper pole of the eommon generator (.

-From

Between the tips of both plugs P and P2 may

‘Dbe placed the automatic clearing-out annun-

ciators or signals /i.and A7, si mllm to.those de-

-scribed in Patent No. 530,104, granted March
[ 19, 1895, upon the :—hpplicm;i_on oft Theodore
_.Spencel

as is neeessary to show the workings of the |

Ifig. 318 a longwuduml section. of the line-
consisting of two soft-1ron cores

The core 4() 1S

47 is, an armature pivoted &t 48 and. pro-

vided with an arm 34, which extends. to the
~opposite end ol the annunciator and termi-

nates in a hook, as usual. A pivotedshutter

35 and a pwoted catch 49 for the same are
provided in awell-known manner.
is a complete metallic envelope constituting

As there

a magnetic cireuit around the coil /' by rea-
SO Of the core 40, the washer 44, and the
outer sheath: 45, the eoil has n.o- magnetic et-
fect upon the armature, its office being to pre-

serve the balance of the circuilt, the coil e
' v | operating the armature 47.
" of induection-coil I*, receiving telephone ¢

The operation of the invention is asfollows:

- When the subscriberat a sub-station wishes
to conversewith another sub-station, the tele-
‘phone 7 is removed from its hool, which rises

and makesa circuit. through. its b:;wk contact

with the wire s, shunting Lhe_ high: resistance
of the bell .

Current from the common gen-
erator G eirculates in the circuit and through

coil ¢ of the lime-annunciator, causing the
shutter 35 to be displayed.
troduees. the answering-plug into the answer-
| ing jack or socket of the circuit, the tip of

The op emtor in-
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the plug making contact with the open ter-

“minal spring 2 of conductor 30 and the sleeve
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making contact with the ring ¥, connected to
the other circuit-conductor 31, and also with
the ring z, connected with the test-circuit,
and the metal ring of the plug unites the open

springs 1 and 3 of the local circuit, including

the battery p and the coil g of the line-an-
nunciator, energizing its core and attracting
and holding the shutter 35 thereto, thus reset-
tingthesame. Wenowhaveacircuitfromone
pole of generator G through winding 7 of coil
I, wires 15 and 10 to tip of plug P, spring 2
of the subscriber’s jack, wires ¢ and 30 to the
sub-station, returning by wire 31 and branch
 to ring 4/, thence by sleeve of plug P, wire
11, and winding ¢° of the repeating-coil. I to
the other pole of the generator G. As the
current from the generator G is now flowing
in the eircult thus established, the sub-station
transmitter m? can be used for conversation.
The operator having connected in the tele-
phones m and ¢ the circuit wanted by the
subsecriberis ascertained. T'he tip of the plug
P? is now placed in contact with the test-ring
z of the called circuit, and if busy a “‘click”
is heard in the operator’s telephone 7, and if
not busy no sound 18 heard. Referring to

Fig. 2, which shows the operator’s outfit and

the test-circuit, with the answering-plug in-
serted in a socket and the test-plug in con-
tact with the test-ring of the called circuit, it
will be seen that when the operator’s receiv-
ing-telephone is connected in between the

cord-conductors and when the tip of the test-

plug is in contact with the test-ring of the
called circuit a local ecircuit 1s established
from one pole of the battery p by wire 27,
winding 7° of induction-coil I, wire 13, tip of
plug P? test-ring 2, wire 5 to spring 3, across
the uniting metal contact of one of the loop-
ing-plugs in the called line to the spring 1,
and by wire 59 to the opposite pole of the bat-

tery p,and the sudden rush of current through |

this local circuit from battery p induces in
the winding 2 a current of the opposite sign
or polarity and ocecasions a disturbance in the

condenser 20, in the local circuit including

the generator G, windings 7 2° of the induc-
tion-coil I, wires 10 and 11, and the wire be-
tween the contacts 21 and 22, which produces
the click in the operator’s telephone. If the
desired line is found by the application of
this test to be not in use, the operator 1n-
serts plug P?into its socket and by means
of the usual ringing-key and contmuously—
operating call-generator (not shown in the
drawings) Sends to line a current sufificient to
operate the high-resistance bell 7, as will be
understood, zmd when the called subserlber
removes his telephone from the hook, shunt-
ing his ecall-bell, a talking-circuit is estab-
lished between the two connee_ted subsecrib-
ers. We have already traced one side of this
circuit through generator & and the windings
1 1° of repeatmn-eoﬂ L.

The circuit of the |
called subseriber now has a section 1n com- |

mon with that of the calling subseribef—t-o— |

N

wit, that portion of the circuit which is be-

tweenthe points 16 and 17 and which includes.

the generator G. The circuit of the.called

‘subscriber, beginning at point 16, is-as fol-

lows: winding 2° of coil I, wires 14 13 to tip
of plug P? thence by spring 2 of the spring-
jack of the called subscriber, branch ¢, and
wire 30 to his station, returning by wire 31
and branch d to ring vy of the plug-socket.
The circuit continues from this point by wire
12 and winding 2* of the repeating-coil to
point 17 on the other side of generator (x,which
completes the circuit. In this compound Cclir-
cuit the windings < 7° of the repeating-coil
are in the circuit of one subscriber and the
windings 7* +* in the circuit of the other sub-
scriber, the two circuits being thus connected

{ inductively for conversation purposes, while

the battery i Is in a seetlon common to the two

circuits.
When at either of the connected S‘le-Std—

- tions the telephone is returned toits hook, the

circuit is closed through the high-r esistance
bell 7, which 1s substantmlly hke opening the
clremt owing to the high resistance of the
coils of the bell (about five thousand ohms,)
and the clearing o-out signal A or /*1s operated
to notify the operator_ to disconnect. The
said clearing-out signal will preferably be of
the kind illustrated in Fig. 6 of Patent No.
536,104 already referred to. - So long as the
talking-circuit is closed the signal-plate is
withdrawn from view; but when the circuit
is opened by ha,nﬂmﬂ' the telephone on its
hook the signal- plate is automatically dis-

played, giving the signal to disconnect.
‘B indicates a sub-station provided with a
‘magneto-generator 70 in a normally-open

bridge 71, a high-resistance call-bell 72 1n &
elosed bI‘ld'D’e 7 3, and telephones in normally-
open ter minals of the conductors ¢ b. At the
central station conductor a is closed to con-
ductor b through the coils ¢ and f of the line-
annunciator E, which are joined toeach other
at 9, and conductor a ends in open terminal
springs 2 and conductor 6 In rings ¥ in each.
socket 7. The wires 7 and 8 extend from the

~opposite poles of the battery p and include

the locking-coil g of the line-annunciator and
ferminate in the springs 3 and in springs 1
and test-ring z, respectively, the locking and
testing 011(3111‘5 bemo the same in arrangement
and operatlon as in sub-station elreults C
and D. The line-annunciator E is the same
as used at the sub-stations C and D, except
that the coils £ and e are united, and operat-
ing the generator 70 causes 1tS shutter to fall
in the usual manner. In this combination of
common battery and magneto-generator cir-
cuits there is provided & -sep&mte clearing-
out annunciator for the latter class between
each pair of cords and plugs, which can be
operated by the magneto-generator 70, as
shown in Fig. 1.
closed local 011'011113 19 and is in induetive re-

‘1at10n to the 111duet1011 coil I by meang of the
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windings. 2° 7%, and its operation will be read-
ily understood. -

By the above meansboth classes of eireuits
can be mterconnected and disconnected with

facility, the same test system being used for |
both, and when a mag neto-ﬂ‘enel*ajt@r cireuit |
is changed to a common b&ttery—ewcmst the |
same line-annunciators can be used, the eoils

fand ¢ being placed in separate: cwcmts, as
described, a_nd the temperary elearing-out
annunciators 7 be removed aItegether.
Where it is specified in. the description and
claims that the eireuit of generator G is nox-
mally open at the subseribers’ stations,. it is
meant that the cireuit 1s. praetically and
properly regarded as open until thetelephone
is removed from: its support, the resistance
of bell r being sueh that no appreeiable eur-

rent from the generator ean pass threugh the

branch v,

Having fully described our invention, we

claim——

I. Two telephoene eircuits, eacl extending
from a substation to. the same eentral %ta-
tion and completed or closed through a see-
tion of eonductor common: to: both, which
common conductorineludes an electrical gen-
erator, and a repeating eoil having two see-
tions respeectively interposed between the op-
posite poles of said generator and the two
conductors of the said cireuits, each seetion
having one of its windings ineluded in each
of the said two circuits, respectively..

2. T'wo telephone circuits, each extending
from a substation to the same central sta-
tion and completed or closed through: a see-
tion of conductor ecommon to both, which
common: conductorineludes an electrieal gen-
erator,
windingsinterposed respectively between the
two poles of said generator and the econdue-
tors of the said c1reu1ts having two of the

sald four windings Ineluded in each of the

S"hld two eilr cults in 1]1(111{3’51@*@ 1‘@1&1:1011' to-the

other two said Wmdm |

3. The combination of a multiple switeh-
bom* at a central station, and two or more
substations the circuit eonductors of which
are provided with nermally open terminals
at each section of the switehboard and are
closed through a eommon generator of elec-

tricity at the central station; with looping

cords and plugs bridged by a conduetorwhiclh
includes the said common gemnerator and a
repeating coil whose windings are interposed
between the poles of the generator and the
two conductors of the said cords, and in-
cluded therein.

4. The combination of a mrultiple switch-
board at a central station, and two or more
substations, the circuit eonductors of which
are p:rowded with normally open terminals

at each section of the switehboard and are-

closed through a common generator of elec-
tricity at the central station; with looping
cords and plugs bridged by a conductorwhich
includes the said common generator, and a

and four repeating induction eoil

cuits ineluding
tricity at the central station; a plurality of
pairs of looping cords and plugs having a
bridge conductor between the conductors of

generator of eleetricity and a

repeating coil, divided into fonr windings, in-
terposed between the two: poles of the said
‘generator and the conductors of the s
cords, the windings: being ineluded In the

sald

said eord conductors. | |
5. Thecombination of aecentral station and
a. swhstation the conductors of which are nor-

mally open at the substation and eclosed
through a generator of eleetricity at the een-

tral Stf:btl’@lil, a-lime annunelator having two

¢oils, one beinginecluded i each: eenduc:bor of
the: eu*mut one coll being magnetically inop-
erative, &11{1 means at the+ substation inelud-
ingthe telephone_ circuit switich for automati-
cally elesingthe circuit to send the call signal.

¢. The combination of a multiple switeh-

Dboard at a eentral station, and twe or more
substations, the cireuit conductors of which
are 1101*1]1&113? open at the substations and pro-
vided with normally epen terminals at each
seetion of the switely-board,
through a eommon generator of electricity at
i the central statlen with line annuneiators

having three coils one being included in each
eom’t:u:cm ~of the cireurt G_onie-' of whieh: coils 1s
- magnetically ineperative) thethird eoil being

and elosed

ineluded in a normally open loeking cirenit
having two-open terminals at each: section of
1311@* swmchbo&rd and a battery.

The combination of a multiple SWlﬁG]‘l—

b.om:-d atia.central station and a swbstation the

circuit conductorsof whieh are normally open

- at the substation and prowded with normally
open terminals at each seetion of the switeh
- board and elosed through a generator of elec-
tricity at the central stacujion - with a line an-
‘nunciator having three coils one being in-
cluded in each: conductor of the eireunit, (one
of whieh coils is magnetically 11101)@1&131% )
the third eoil being included in a normally
open locking e¢ireuit having two: open termi-
‘nals at each seetion: of the switechboard and a
battery, andmeans at theeentral station, con-
sisting of a plug, for closing the open: termi-
‘nals in the locking eireuit at any section of
the switehboard.

8. An annuneciator eonsisting of two bob-

'bins having softiron cores separated by a non
‘magnetic partition; one bobbin being divided
by a magnetic partition, and wound with two
. coils, the other bobbin having one coil; both
‘bobbins inclosed in a soft iron sheath closed
‘at one end, its opposite end being closed by
an Insulating ring
having
engage a pivoted signal shutter.

5 and a pivoted armature
a hoolk or cateh upon its extremity to

9. The combination of a switehboard at. a

-central station and two-or more substations
-whose. circuit conductors extend to each: sec-

tion of the switehboard and areprovided there
“with open switching terminals, the said cir-

" a. common generator of elee-

each pairof cordsincluding the said common
a repeating coil
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as set forth; and an operator’s telephone in
induetive relation with said repeating coiland
with a normally open local test circuit includ-
ing a battery, adapted to be closed by the in-
sertlon of a plug of one pair of cords and the
test plug of another pair of cords.

10. The combination of a multiple switch-
board at a central station, and two or more
substations, the circuit oonduotms of which
are provided with normally open terminals at
each section of the switehboard and are closed
through a common generator of electricity at
the central station; alocaltestcircuitforeach
substation circuit including two open termi-
nals at each switeh board section and a bat-
tery with a branch connection to one pole of
said common generator; means for closing
sald two open terminals at any switeh-board
section to complete the test circuit and for

placing the operator’s telephone in inductive

relation thereto said means consisting of loop-
ing cords and plugs bridged by a conductor
which includes the said common generator

~and arepeating coil whose windings are inter-
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posed between the poles of the generator and
the two conductors of the said cords and are
included therein; and a conductor bridged

‘between the two conductors of the said cords

ineluding a condenser and the oper ator’s tele-
phone.

11. The combination substantlally as here-
inbefore described of a series of main tele-
phone circuits converging from a number of
substations to a central station; a branch ter-
minal multiple switch-board at said central
stations with which the said main telephone
circults are associated; a common generator
connected directly 1n such circuits normally
as a source of signaling currents; and in
bridge or derived circuit with any two united
olroults as a source of voice currents, and a
repeating induction coil associated with sald
battery and adapted to be placed in circuit
with said two united substation lines, sub-
stantially as described.

12, The combination in a telephone ex-
change system with a branch terminal multi-
ple switchboard; of a source of current com-
mon to a number of circuits, and supplying
current for both signaling and for conversa-
tion when two subscribers’ circuits are con-

- nected, and arepeatinginduction coiladapted

55

to be plooed in circuit with two connected
substation lines, substantially as described.

13. In combination with a switchboard at a
central station and a plurality of circuifs ex-

tending therefrom to substations; of a local

test cireuit for each substation circuit includ-
Ing two open terminals at each switchboard
section and a battery, with a branch connec-
tion to one pole of a common generator, means
for closing said open terminals at any switch
board section to complete the test circult and
for placing the operator’stelephone ininduct-
ive relation thereto, said means consisting of
looping cords and pluos the conductors of
which are bridged by a conductor which in-
cludes the said common generator and a re-
peating coil whose windings are interposed
between the poles of the said generator and
the two conductors of the said cords and are
included therein; anda conductor bridged in
between the said two conduectors of the said
cordsincluding a condenser and the operator’s
telephone.

14. The combination of a multiple switch-
board at a central station and a plurality of
substations whose circuit conductors extend
to each section of the switchboard and are
provided there with open switching terminals,
a part of the substation circuits being closed
through a common generator of electricity at

the central station, and the remainder closed .

through their line annunciators; of a plural-
1ty of pairs of looping cords and plugs having
a bridge conductor between the conductors of

each pair of cords including the said common

generator of electricity and a 1=epeating coil
as set forth; and an operator’s telephone
adapted to be placed in inductive relation
with the said repeating coils and with a nor-
mally open test circuit including a battery,
adapted to be closed by the insertion of a
plug of one pair of cords and the test plug of
another pair of cords.

In testimony whereof I have signed my
name to this specification, in the presence of
two subscribing witnesses, this 14th day ot

March, 1895.
THEODORE SPENCER.

Witnesses:
HORACE D. REEVE,
JOHN C. STEVENS.

In 'testilnony' whereof I have signed my
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name to this specification, in the presence of

two subscribing witnesses, this 8th day of

March, 1895,
THOMAS C. WALES, JR.
Witnesses:
THOMAS H. LOGKWOOD,
Gro. WILLIS PIERCE.
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