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To all whom it may concerr:

Be it known that [, GRORGE K. THOMPSON,
residing at Malden, in the county of Middle-
sex and State of Massachusetts,haveinvented

5 certain Improvements in Telephone - Kx-
change Circuits and Appliances, of which the
followmfr 1S a specification.

The helem described invention relates
mainly to such branch telephone-exehangea

10 as are frequently installed in hotels, facto-
ries, or large business establishments, an ex-
ehange of this class being complete within
its own area for the interconnection of lines
normally eentering at the local switching-

15 station, but generally provided also with fa-
cilities for switehing any of its local substa-
tion-lines to the substation-lines of the main
telephone-exchange to which the branch ex-
change may be .-;mzﬂlla,ly or, in fact, to sub-

20 station-lines of any external exchanﬂ"e In the
present invention acommon central source of
current is placed at the switching-station and
may supply current for such mgnalb AS are
manifested within the switching - station

25 whether transmitted from the substations or
local at said switching-station and also for
the substation teiephone-transmitters.

Heretofore in telephone-exchanges which
have had their substation-transmitters and

30 signal-sending appliances supplied with cur-
rent from a common and centralized soarce
each substation has been provided with a
transwmitter induction - coil having primary
and secondary windings both normally dis-

35 continuous, but organized to be brought into
operative condition by the movement of the
telephone - supporting switch when the re-

seiver is taken therefrom, the secondary
winding belng then brought into a closed

40 bridge of the main circuait and the primary
being brought into a short extension of the
said main cireuit, forming practically a local
primary circuit, while the transmitter itself
was in a section of conductor common to the

- 45 cireunits of both primary and secondary. Un-

der these conditions there was also a con-
denser at each substation normally in 1ts
call-bell branch to maintain the conductive
- incompleteness of the civeuit, so that the eall-
5o sighal. wuld be sent by (Jlomw the circuit

preferred, as when connected in the main line

they are thereby brought under the eye and

derial No. 4,646, (No mddel.)

| when the receiving-telephone was taken from

the hook-switch, but connected in-the local
primary circuit in series with the transmit-
ter and the primary winding ot the induec-
tion-coil when the circuit was thus closed

pursuant to the movement of said switch.

This arrangement and its mode of operation
are disclosed in United States Patent No.
620,745 to Henry M. Crane, dated March 7,
1899. The receiving-telephone at the sub-
station may uunder this plan of connection be
connected either in the main line or in the
primary circuit together with the condenser,
but in practice the latter position has been

60

it tends to reduce the available strength of
the battery - culrent follD[]llbd to the trans-
mitter. -
The chamﬁtemsm feature of the present
invention is that the condenser and trans-
mitter induction-coil are both placed at the
central or switching station. Important ad-

70

vantages involved in this centralization of

the mduelnou coil and condenser are that

75
direet control of skilled operatives or elec-
tricians, and that a small number of these ap-
pliances are thus rendered sufficient for the
service of a large number of lines. Thelines
centering at the switching - station are
switched together when communication be-
tween any two Substations is desired by
means of switch - cords, having terminal
switch-plugs adapted for insertion in switch-
sockets of the several lines. A sufficient
number of such cords are of course provided,
and the transmitter induction-c¢oils and the
condensers are associated with the conduc-
tors of said switch-cords. |

In this invention each substation-cireuit
has three main conductors, which are di-
versely associated according as signals are
being transmitted in one direction or the
other or as the telephones are being used.
Thus when the substation telephone-receiver
is in plcu,e on 1ts suppormnﬂ'-smtch the cir-
cuit is arranged for the transmission of sig-
nals from the switching-station to the Sub-

30
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95

station through a parbiculm' pair of the three

cireunit-conductors. When the receiveris re- 10g
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moved from the swibch-hook, the circuit ar- |

ranges itself for use in sending signals from
the substation to the central station and is
now formed of a second pair of the said three
conductors, one conductor having been

thrown out of use and another substituted

1O

- RS @-prineipal-portion-of-a-second-subeircuit--

- transmitter-current supply, both at the cen-

20

25

""""""""""""""""""""""""" c¢iation with theé substation-transmitter and
placed at the central station, has its two wind- |
ings placed respectively in the primary and |
secondary talking-circuits, and while the sub- |

335

‘subelrcult it may without departure  fromi |
this present invention be placed in the seec-
ondary subcireuit, as indicated by dotted |

4.0

45

therefor. Again, when the substation-line
18 switched at the central station for conver-
sation and its receiver has been taken from
the hook all three conductors are concerned
in the operation, one constituting the prin-
cipal portion of a subeircuit, inclading a con-
denser at the central station and serving as
a primary talking-circuit, another forming

containing an impedance-coil and a source of

tral station and serving as the secondary

talking-cireuit, and the third, constituting a |
section common to and completing both of
the said two subeircuits, includes the sub- |

statlon-transmitter, which by such connec-

tion is in both primary and secondary circuits

and 18 thereby adapted to receiveits current-

supply through the latter circuit and when |

operated to set up electrical waves in the for-
mer ¢ircult, which by the induction-coils are
inductively propagated in the secondary cir-
cuit, and thereby to the distant receiver. In

this last combination of the three circuit-con- |
ductors the induection-coil, working in asso- |

station receiving -telephone is preferably
placed, as shown 1n full lines, in the primary

lines. Disconnection or supervisory signals
(one for each substation-circuit) may be in-
cluded directly in the secondary or through
conversation circuit at. the central station,
and thus placed will be operated when the
telephone of the corresponding substation is

replaced upon its hook.

50
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Whenever two substation-circuits, both of |
the three-conductor type, which dispenses |

with the presence at the substation of the
transmitter induction-coil, are to be united
at the central or switching station, the switch-
cord circuit. employed to effectuate such
union will have the circuit arrangement of
the switch-plugsat both ends of the cord alike,
there belng a separate and independent in-
duction-coil and condenser for each plug or
practically for each of the two united sub-
station-circuits; butsineeitoften occurs that

> & substation of a branch exchange is to be |

placed in communication with an outside sub-

station-belonging-to-the-main-telephone-ex--|-
change or somne other exchange on the call of

one party or the other a certain number of
switch-cords should be provided wherein the

circuit connections of one plug only are as-

sociated with the condenser and induction-

coil in the manner described herein, while
those of the other plug have no such asso-
clated devices, but may be of the ordinary
or standard ‘‘common battery” type.
In the accompanying drawings, Figure 1 is
“a diagram illustrating the invention by show-
‘1ng its application to two circuits of a branch
telephone-exchange and to switching devices
at the central station thereof. Fig. 2 shows
the electrical arrangement of two such tele-
phone substation-circuits united at a central
station to constitute a through-conversation
¢ireuit eontaining the invention. Fig. 3 is a
~diagram illustrating the interconnection of a

vention and a substation-circuit of an outside
exchange, the switch-cord at the central sta-
tion of the branch exchange being suitably
‘modified to correspond with sach diversityin
substation-circult character. :

Referring to Figs. 1and 2, L and L? are sub-
station-circuits of a telephone-exchange ex-
tending, respectively, from substations A
and C to a central or switching station B,
where D is a switech-cord circuit, (being one
of any number necessary to transact the busi-
ness of the station,) by means of which the
said substation-circuits may be united for
“through commuunication.

Each substation-circnit consists of three
main conductors 1, 2, and 3, the reciprocal
for which the cirenit as a whole 1s arranged
at any particular period of time. Normally
the main conductors 1 and 3 constitute a loop-
~c¢ireuit closed at the snbstation through the
call-bell b, but open at the contact-spring 10
of switch-socket J in the central station, and
the said loop may be traced as follows: from

“tact-point 9 of telephone-switeh s, telephone-
“transmitter m, conductor 3, and the associate
~contact-spring 11 of the switch-socket. The
¢ircuit as thus arranged is adapted for the
transmission of call-signals from the central
station to the substation, and this may be
done in the ordinary way by inserting the ap-
propriate switch-plug P or P? in the substa-
tion switch-socket and by then manipulating
‘the call-key k or k% Assuming that key k is
depressed, we may now trace the ringing-cir-
cuit as extended from the two switeh-socket
contact-springs bv way of the plug-tip a,which
1s engaged by socket-spring 10, cord-strand
16, spring 17 of ringing-key, contact-point 27,
conductor 26, to terminal p of the call-genera-
“tor F and from terminal p* thereof by con-
ductor 25 to contact-point 24 and spring 23 of
“theringing-key, cord-strand 21, and ring-con-
ductor ¢ of the switch-plug to the  socket-
spring 11. It will be observed that main con-

inbefore described, is extended from socket-
spring 11 by the contact-stop thereof and con-
dactor 15; but so far as the circuilt for oper-
ating the substation-bell b is concerned this
| extension is a spur or discontinuous conduc-

........................................................................................................................................................................................

spring 10 over conductor 1 to bell b, lower con-.
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tor having no relation to the funection of the |

ringing-cireuit, which has been traced.

"'We have now to consider the rearrange-
ment of the circult which ensues when a call
is transmitted from the substation to the cen-

gl station. Thisoperation is automatically
pel formed by the act of taking the substation
telephone-receiver from the switeh, which
severs the connection through the bell b be-
tween the main conductors 1 a,nd 3 and estab-
lishes a connection between conductors 2 and
3, which previously constituted a ioop analo-
oous to that already described, but open at
the substation and closed at the central sta-
tion. This signaling-cireuit, completed by
the contact made between the substation-
switch s with the contact-point 8, extends
from the plus pole of the central-station source
of current-supply E (usaally a battery) by
way of point 40, conductor 14, point 41, main
conductor 2, switch-contact point 3, switch-
levers, main conductor 3,switch-socketspring
11, contact-stop 12, conductor 15, including
signal annunciator or relay e, and point 30 to
the minus pole of the battery E. Obviously
when this loop is closed at the substation-
switch s the signal instrument ¢ is operated

and the central-station operator understands

that a call-signal has been sent in.

The switch-cord circuit D, terminated at
its-ends by the switch-plugs P and P?, is as-
sociated with the cominon source of current-
supply E, the condensers f f%, the ringing-
keys Lk k?, the induction-coils i A%, the impe-
dance-coil 2,and the supervisory signals g and
g®. 'The tip-conductor of the plug at each
end connects through a resting-contact of the
ringing-key with one plate of the condenser
and from the other plate of the condenser
continues by way of the two windings of the
induction-coil in series, the supervisory sig-
nal, and the impedance-coil to one pole of the
hattery, while the rear'sleeve-conductor d of

ug, which engages the socket-frame or
test-ringof theswitch-socketconnects with the
other pole of the batteéry by wire 22. The for-
ward sleeve or ring conductor of the plug con-
nects through the remaining resting contact ot
the ringing-key with & point 42 on the tip-con-
ductor strand intermediate of the two indue-
tion-coil windings,by whichitappearsthat the
tip and ring plug-conductors are united within
the cord-straud, forming a loop through the
condenser aud induction-coil primary, and
that the ring and.rear sleeve plug-conduc-
tors are united within the cord, forming an-
other loop extending through the induction-
coil secondary, the Impedance-coil, and the
battery. Theconductor 14 unites the socket-
frame 13 with the plus pole of the battery
normally for signaling purposes, but is per-
manently attached, since it does no harm, and
when the plug is inserted is merely a second
conductor between the said socket and the
battery parallel with the plug:sleeve condue-
tor 22. Since the cireuit arrangement of both

of plug,

be understood that the forewomﬂ' description
applies to both.

When in pursuance of a call transmitted
in either direction a line is switched at the
central station by the insertion of the plug P

in the socket J, the substation-telephone be-

ing at the same time removed from the switch-

‘hook, the conversation-cireuit thus consti-

tuted utilizes all three of the circuit-conduc-
tors in the manner now to be described, the
circuit formation being iu every essential re-
spect that indicated more simply in Fig. 2,
wherein the two substation-circuits L. L are

~united at B toform a through talking-circuit

between A and C. Hach of these substation-
cirecuits now has its three conductors formed
into two subecircuits N and M, N being the
primary and M the secondary subecircuit of
the respective substation - transmitters m.

The primary subecircuit of substation-cireuit

L may be traced {from contact-point 7 of the
telephone-switch s at substation A by main
conductor 1 to switch-socket J and socket-

70
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spring 10, thence by the plug-tip a, cord- .

strand 16, spring 17 of ringing-key %k, con-
denser 7, primary winding 19 of induction-
coil A, conductor 21, inclading spring 23 of
11nwmg-l{0y, _1*mﬂ*-eoutael3 C of plug, switeh-
socket spring 11, main conductor 3, trans-
mitter m, and smtch levers. Thesecondary
subeircuit from the plus pole of the central-
station battery leads by conductor 22, sleeve d
socket-ring 13, main conductor 2,
switch-point 8, switch-lever s, transmitter m,
main conductor 3, switch-socket spring 11,
ring-contact ¢ of switch-plug and cord-con-
ductor 21, point 42, secondary winding 34 of
induetion-coil A, strand-conductor 29, signal

95

100

105

¢, point 31, and impedance-coil 2 to the op-

posite end of the battery. Itisevident there-
fore that the main conductor 3, extending
from the substation-switch s, and its continu-
ation 21 to the point 42 between the induc-
tion-colil windings is a section of conductor
common to both primary and Seeoudmy clr-
cuits.

The substation receiving - telephone 7 is

preferably placed, as shown in full lines, in

the circuit of main conductor 1, and when
so placed is connected in the pnma,ry s b-
circuit. It may, however, if desired, be con-

| nected, as indicated 1n dobted lines, in main

conductor 2, and in that event when the line
is switched for conversation would be in the
secondary subeircuit. 1t 1s, moreover, mani-
fest that the substation - transmitter m in-
stead of being placed, as shown, in the main
conductor 3 outside of the switch-lever s

~might be connected between the receiver ¢

and the switch-contact point 7 and that such
change of position would be immaterial and
would not be productive of any change In
operation. In fact, such a change in location

‘would practically amount merely toa length-

ening out of the said main conductor 3, so
that it might include the switeh s bodily—

plugs is 1n this cord-circult Lhe same, it will | that 1s, 1t Wwould consist merely 1n transter-

1IO

115

120

125

130




‘ring the transmitter from one side of the |

L

10

switch to the other.

The operation of this system is easy to be
understood. To call from the substation, the
only operation required is to remove Lhe re-
ceiver ¢ from the switch s. A circuit for the
battery K is closed, as already described,
through the signal device ¢, which is there-
upon dispiayed, and the call is answered by
the operator, who inserts the plug.P and
switches in her answering-telephone ¢ in the
ordinary way. When the circuit is organ-
ized for the transmission oif speech, which

occurs when the line is switched at the cen-

tral station, and when the receiver is taken
from the hook at the substation, the battery-

~current flowsthrough the transmitterm. The

operation of the said transmitter produces

variations in its resistance, and econsequently

20

variations in the difference of potential be-
tween its terminals. These fluctuations cause
telephonic waves corresponding to thesound-
waves of the voice to flow or oscillate in the
primary subeircuit N, which includes the con-
denser f and the primaryinduction-coil wind-
ing 19. By the voice currents or surges thus
produced in the said primary ecir cuit and
through the primary winding 19 similar cur-

“rents are inductively develOp.ed in the sec-

30
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ondary circuit with those of the other.
the plugs P P?are in the sockets of twolines,
the battery-current flows through the two

ondary winding 34 of the induction-coil, and

these traversing the main circuit reach and |
actuate the distantreceiver, whether thesame
be placed.at._the central station.or. at.a dis-.|-

tant substation. In the latter case the inter-

connection at the central station implies the

union of the two ends of one substation sec-

signal devices ¢ g*, causing them to display
a given signal indicating that the substation-
telephones of the said two lines are in use,
and on the termination of conversation.the

opening of the circuits by the operation of -

the telephone-switches as the receivers are
replaced on their hooks produces a different

signal or a changed signal indicating a dis-

contmu&nce of such use and that the lines
concerned may now be disconnected.

Fig. 3 illustrates apparatus and ecireunits
Whereby.one of my three-conductor substa-
tion-eircuits, terminating, for example, in a

branch exchange,may be interconnected with
an outside SlleLébblOIl circuit of the more

ordinary type, terminating in a separate cen-
tral station. This may be done by providing
a trunk-line of any suitable construction ex-
tending between the central stations and by
means of a switch-cord circuit at the branch-

exchange switching-station which has the.cir-
cuiv connections of one of its plugs P? ar-

ranged on the plan of the cord-circuit illus-

ated appliances, while the main cirguit con-

nections of the companion plug P2 consist
-merely of two conducting-strands 43 and 44

extending inwardly from the tip and ring

station-cireuit L?, entering central station B

J3, and J<.

When

666,213

contact-surfaces a and ¢, respectively, of the
said plug and united at their inner ends to
form a closed loop including the central-sta-
tion battery H. The supervisory signal is

connected 1in conductor 43. Instead of the

impedance-coil 7, associated with thecommon
battery, as in Fl% 1 and 2, the cord-circuit
as modified has a repeatmﬂ‘-eml I*, having
part of its winding on one side of the battery
and part on the other. The windings 45 and

75

47 are in the loop of plug P3, one on each side .

of the battery, and these are in close induct-
ive relation with two other windings 46 and
48, which are associated with the conductors
of plug P*. The winding 48 is in practice
left in a discontinuous condition at one end,
since if connected there with the cord-strand
22 1t would be short-circuited. Its presence,

however, even in such discontinuous condi-

tion is useful as adding to the inductive ef-
fect. It will be seen that by means of this
forin of cord-circuit the three-conductor sub-

can be interconnected with the ordinary sub-

station-circeuit L* of the common battery-relay

type belonging to central station H through
the trunk-line L3, the plugs P?, P3, and P* be-
ing inserted, respectively, in the sockets J?

gamzed one conductive section S extends

from the substation R.to the branch central

station B and includes the substation-circuit;

L4, the trunk L2, and the switch-cord loop 83

of plug P3, and the said section S is induct-

ively nnited by the repeating-coil I° with the

subeircuits M and N of the substation-cir-
cuit L#, leading to substation C.

I claim—

1. The combination in a telephone-circuit,
of two main conductors extending between a

substation and a central station, and respec-

tively forming portwns of two assoclated sub-
circuits; a bhud main conductor constituting

a Gomplrement&r.y-a,nd.eo.m.mon portion of both

of said subcircuits; a condenser at the central

‘station included in oneé of said subeircuits; a
source of transmitter-current supply at the
central station connected in the other subeir-
cuit; a transmitter at the substation connect-

ed in thesald complementary main conductor;

and an induction-coil for said transmitter at

the central station, having its two windings

included in the said two subeircuits respec-

tively; substantially as set forth.

2. The combination in a telephone -ex-
change circuit and central-station switch de-
vices therefor, of a telephone receiver and

transmitter at a substation; and a three-con-

ductor circuit associated bherewith, and hav-
ing .contact-terminals in a central - station
switch-socket; with a transmitter-battery, &

| | transmitter induction-coil, and a condenser,
trated by Kigs. 1 and 2, with similar associ-

all at the central station; -and an associated

three-strand switch-eord and terminal plug,
also at the central station, the said plug hav-
, | Ing terminal contacts for the cord-strands
| adapted to register in the switch-socket with

30
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the three contact-terminals of said main con-
ductors, in such manner as to close one ¢ir-
cuit only through two of the said cord-strands,
the said battery, the two windings of the in-
duection-coil in series, the condenser, and the
substation receiving-telephone, and a second
circuit through the third cord-strand and the
substation-transmitter between two points of
the first circuit placed respectively at the cen-
tral station befween the two induection-coil
windings, and at the substation between the

telephone-receiver and the battery; substan-

tially as described.
3. In a telephone system, the combination

substantially as hereinbefore described, of a
substation-circuit comprising three main con-

ductors extending between a telephone trans-
mitter and receiver at a substation and a
switch-socket at a central station; with a
triple-conductor switch-cord, and a terminal
switch-plug therefor also at said central sta-
tion, adapted to engage with said switch-
socket; a condenser, the two windings in se-
ries of a transmitter induction-coill, and a
transmitter-battery being connected in a loop
through two of the said cord strands between
two contact-surfaces of said switeh- plug,
which when the said plug is placed in said
socket are arranged to complete the circuit

of said loop through the substation telephone-

receiver; and the third of the said cord-strands

being extended from a point on said loop be-

tween the two induction-coil windings to a
third switch-plug contact-surface arranged to
register with a third terminal contact within
said switch-socket, and thereby complete a
pbridge-cireunit through said strand, and the
substation telephone-transmitter to a point
on the loop-cireuit at the said substation be-
tween the receiver and the battery.

4, In a branch telephone-exchange system,
a substation telephone and signaling circuit
having three main conductors formed nor-
mally into two conduecting-loops, one closed
at the central station through a signal-re-
ceiving instrument and a battery but open at
the substation, and the other closed at the
substation throngh the call-bell and open at

the central station; combined with a hook-

5

switeh at the substation, and socket-and-plug
switch devices at the central station control-
ing the terminals at said stations of the said
three main conductors respectively; and
adapted when changed from their normal po-
sition to dlseonnect the said signal-receiving
instrument and to form of the Sc].-ld three con-
ductors, for the substation-transmitter a pri-
mary and secondary circuit; one of the said
three main conductors constituting a com-
mon section of both of said circuits; substan-
tially as described.

5. The combination in a telephone-circuit
of two main conductors extending between a
substation and a smtchinmstation and re-
spectively forming portions of two assoclated
subeircuits; a third main conduector also con-
necting the said stations, and constituting a
complementarv portion of said subeuemts
common to both; atelephone-receiver at the
substation, and a condenser at the switching-
station included in one of said subeircuits; a
source of transmitter-current supply and a re-
peating-coil at the switching-station having
a winding connected In the second subcu-
cuit; atr ansmltter at the substation connect-

ed in the said complementary main conduc--

tor; and an induction-coil for the said trans-
mitter at the switching-station having its

two windings included in the said two S'{lb-

circuits 1espectwely, with a two-conductor
main substation -c¢ireuit connected at one
end through two other windings of the said
repeating - eoil and extendmfr therefrom,
through a second swwchmw-sta,tlon to a sec-
ond substatwn provided w1th a transmitter
in the said main circuit, adapted to receive
current from the said current-supply at the
first - mentioned switching - station; as set
forth.

In testimony whereof I have signed my
name to this specification, In the presence of
two subseribing witnesses, this 6th day of
February, 1900

GEORGE K THOMPSON

Witnesses:
GEO. WILLIS PIERCE,
JOSEPH A. GATELY.
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