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To all whom & may concern:
Be it known that I, GEORGE K. THOMPSON,

residing at Newton, in the county of Norfolk
the induction-coil and that a shunt-eircuit
containing the telephone-receiver, a con-

and State of Massachusetts, have invented
cerfain Improvements in Telephone Circuits
and Apparatus, of which the following is a
specification. | |

This inventionrelates to variable-resistance
transmitters and their operation, and espe-
cially concerns substation or subscriber’s sta-
tion eircuit arrangements for instruments of
this character by means of which the disturb-
ing effects which tend to be exercised by such

or at any rate greatly reduced.

In the arrangement of telephone substa-
tion-circuits for common and central battery
exchange systems which heretofore have been
customary the substation apparatus com-
prises the call-bell, the telephone transmitter
and receiver, an associated induction- coil,

the regular suspension-switeh serving as &
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support for the receiver when unemployed
and operating by the displacement and re-

placement; of said receiver, and a condenser.

When the said switeh is in its normal or rest-
ing position, with the receiver suspended

- upon the hook, the circuit is through the eall-

bell and condenser. The presence of the con-

denser renders the circuit conductively dis-
continuons, and a steady current, such as |

that of a central battery, therefore cannot

flow therein; but the circuitthus constituted

is well adapted for the passage of the alter-
nating currents of the central-station call-
generator, which therefore may readily be
transmitted therein for the operation of the
polarized call-bell. When the receiver is
taken from the hook for use and the switch
in consequence moves to its second position,

brought into operative relation with the main

or line c¢ircuit and the central source of cur-

rent. The arrangement of substation tele-
phone - circuits -until recently preferred has
been substantially that shown in and de-
seribed by the United States patentto Charles
. Scribner, No. 669,710, of March 12, 1901,

which provides that the main telephone-cir- |

| telligently receive the message.

the telephone-circuits of the substation are { have heretofore been made to attain some of

| these objects by specially-designed induction-

cuit having a source of current at the central

station shall at the substation include the
telephone - transmitter and one winding of

denser, and the other winding of the indue-

- tion-coil in series with each other shall be ar-
ranged about or around the transmitter; but .
when the substation telephone-circuits are

thus arranged, and when the sensitive and
powerful transmitters requisite in the oper-

ation of long main circuits are employed 1t
is found that while there is satisfactory re-

transmitters on the associated receiver or re- | production of the desired sounds or words In

ceivers at the same station may be prevented, | the receiver at the distant substation there

| is also an undesired and undesirable produc-

tion of an echoing or resonant sound, collo-
quially termed the ‘‘side tone,” in the home
receiver—that is to say, in the associated re-
ceiver at the same or transmitting station.
Moreover, in the operation of central-source
telephone-exchanges involving toll or inter-
urban lines it is often desirable in the inter-
est of  efficiency to supply the substation-
transmitters with working current under
higher voltage than has-ordinarily been em-
ployed, and under such conditions the micro-
phonic action is materially intensified, so that
in addition to the side tone there is present

‘an increased tendency to create and manifest
| in the home receiver buzzing and crackling
| noises and sounds, as well as to take up and

reproduce all such sounds as are being pro-

duced in the immediate proximity of the in-

strument. The noise in the ear of the per-
son using the telephone becomes under these
circumstances so loud as to be both unpleas-
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ant and-confusing and operates to disturb

and disconcert the user, making it very diffi-

cult for him to follow the conversation orin-
Attempts

coils with associated balancing resistances,
examples of this class of device and arrange-
ment being disclosed by Letters Patent of
the United States issued to Theodore Spen-
cer, No. 501,472, dated July 11, 1893, and to
Charles E. Seribner, No. 552,730, dated Jan-
uary 7, 1896; but such arrangements, while
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| fa-irly satisfactory with transmitters of mon
erate power operating under the local-battery

conditions shown in said patents, are not

completely successful under present condi-

tions, and apparently are not of a character
capable of improvement or further develop-
ment in such manner as to meet such pro-
spective conditions as are now in sight.

- T'he objects of the present invention are to

reduce such side tone and other disturbances
to the lowest possible point and generally to
prevent the disturbing effects attributable to
undesigned or abnormal action of the trans-
mitter from manifesting themselves in the
assoclated or home receiver and to effect this
without materially reducing the volume of
transmission. To these ends the invention
contemplates the employment in the substa-
tion telephone apparatus and in association
with the main circuit the transmitting and

recelving telephone intruments and the usual |
condenser of said station of an induction-

~coil having three independent helices or
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windings, one of which is connected directly
In the main line and the other two in two
short or local circuits, respectively, one of
which local circuits likewise includes the sub-
station transmitter and condenser, while tlie
other contains the substation-receiver. The

main-circuit winding of the said induection- |

¢oil may be-regarded as the principal one,

since the mutual induction between it and |

each of the others is much greater than that
existing between the two other windings re-

eiprocally, which indeed is made as small as

possible. For this reason and because it is
concerned both in transmitting and receiving
and has, moreover, preferably a greater num-
ber of turns than the other two the said main-
circult winding is herein termed the ‘““main”
or “‘principal” winding, the other or remain-
1ing windings being conformably termed the
““minor” or ‘‘subordinate” windings or heli-
ces. One of the said local circuits is in part
constituted of a portion of the main-cireuit
conductor, and the substation-transmitter is
connected in such portion, being thereby
placed in the said main as well as in the said
local eircuit, and thus adapted to receive cur-

rent from the central source over the main-

circult conductors and to develop the neces-
sary speech variatons therefrom in the said
local circuit, which variations, by means of
the induction- coll, are again 1nduct1vely 1m-
pressed upon the said main circuit and pass

over the conductors thereof to operate the
Under these conditions the

distant receiver.
sald volce variations do not produce any
sensible or annoying side tone in the home
recelver, nor is the %md receiver perceptibly
affected. by noises micr 0phomcal]y taken up
by the associated transmitier, since the said
receiver has no conductive eonnection with
the transmitter and since the minor coil-
winding with which it is in circuit has no
such simple or effective inductive relation

with the other mmor Coll- mndmn in cireuit | the smtehes ordinarily employed be bridged |

switeh S and call-bell E.
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with the transmitter as is sustained between
the minor winding of -the transmitter local
circuit and the principal or main - line coil-
winding. The minor coil-winding of the re-
ceiver local circuit is, however, also in effect-
1ve induetive relation to said principal wind-
ing,and the reeewer therefore,while no longer
perceptibly affected by external noises aft 1tS
own station and no longer subject to the
plercingly-loud side-tone 1'ep1‘oduction of the
home transmitter, remains perfectly and sat-
isfactorily responsive to and adapted to re-
produce as conversation the voice- currents
which reach it from a distant station and are
transferred to its local circuit induectively.

Inthedrawings which accompany andillus-

trate this specification, Figure 1 is a diagram
of a single substation-circuit with a source
of current at the central station and with the
peculiar induction-coill and circuit arrange-
ment that characterize the invention, a suit-
able form of induction-coil being shown in
longitudinal section. Fig. 2 isa smuldr dia-
gram dispensing with the form of the indue-
tion-coil and more clearly indicating the cir-

cuit arrangement of the several windings of

sald coill. Ifig. 3 is a diagram of a similar
circuit, showing the connections of the sub-
station call-bell and telephone-switch and
indicating the detachability of the central-
station telephone instruments; and Fig. 4
1llustrates the application of the invention
toathrough talking-circuit,formed by switch-
ing together at a central station two compo-
nent substation-circuits.

L is a main telephone-circuit extending be-
tween two stations A and C, the latter bemU
shown as a central station and the f01 mer as
a subscriber’s or substation.

The apparatus at the substation A com-
prises the telephone-transmitter M, receiver
1T, and condenser K, together with an induec-
tion-coil 1 of construction presently to be ex-
plained. There is also the usual telephone-
In Fig. 4 17 1is a
second telephone-circuit and extends from
another substation B to the central station C.
It 1s shown as being switched or connected
at the said central station to the circuit L,
so that the circuits L and L* are the compo-
nents of a compound talking-circuit extend-
ing between the substations A and B through
the central station C. |

At the central station the substation-circuit
includes a suitable source of current P,such as

“a battery, a telephone-transmitter m and re-

celvert being also provided, whereby conver-
sation may beexchanged with the distant sta-
tion A or 3. In IFigs. 1'and 2 the battery is
shown as being ¢ (311’[1*@115r divided and thetele-
phone instruments as being placed between
the two halves thereof, and this arran n*ement
1s iIn some cases found convenient. In I 128, 3
and 4, however, the source of current P re-
mains undWl(led in the more usual manner,
and the operators’ telephones may then by
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between the conductors of the circuit in a

well-understood manner and as indicated in.

the said figures where the bridging switches

‘(not shown) are symbolized by the contact-

points s s? at the extremities of the telephone-
bridge x. - -

The central-station
peating induction-coil R, the two windings
of which are centrally divided, so that one-
half of each is connected in its appropriate
main circuit on each side of the battery P,

the halves » and 7* of one winding being in

cireuit I and the winding comprising the two
portions 7% and 7* being connected In an
second or associated main cireuit L~

Recurring to the substation apparatus,the

telephone-receiver Thangs whenunemployed

upon the hook of the switch S, as shown at

station B, Fig. 4. The transmitter-circuits
at such times are open at points 2 and 3, and
the ringing-circuit is established between
points 4 and 9 of main conductors v and 1w,
respectively, by way of conductor 5, bell K,
conductor 6, junction-point 7, condenser I,
and conductor8. Thisringing-cireuitis con-
duectively discontinuous by reason of the in-
clusion of the condenser therein, and 18 there-
fore impassable to steady currents; but the
call-bell is readily operated by alternating

currents of appropriate strength transmitted
from the central station for -the purpose.

When the receiver is taken from the hook-
switech for use, the bell need not be and 1n

practice is not disconnected, but remains in

a permanent electromagnetic shunt y, ex-
tending between points 4 and 7 and about the
main line, the bell-magnet being of such re-
sistance and impedance that its presence may
be disregarded. | *

The substation induction-coil 1 has three
independent windings or helices. The wind-

[ 2

3 over the other half of the length of the

core, and these are termed ‘‘minor” or ‘“‘sub- |

ordinate” windings, while the outer winding

1 extends over the other {wo and the entire |

length of the core and is termed the °° prin-
cipal” winding. Thesewindingsareall thor-
oughly insulated from each other and from
the core and are so relatively disposed that
the mutual induction between the principal

winding ¢ and each of the two minor wind- |

ings is at a maximum, while that between
the two minor windings is at a minimum. In
other words, the coil is-constructed to facili-
tate induction between the principal winding

and either minor winding and to minimize

induction between each minor winding and
the other. The principal winding %, more-
over, has a sufficient number of turns wound
inductively over the windings ¢* and 2° to give

maximum efficiency in both transmitting and |

receiving. Theprincipal winding of the in-
duction-coil Iis connected directly in the
main line or circuit. e
- F and V arelocal circuits contained wholly
within the substation. -~ -

devices include a re-

i

ing 7* extends over one half and the winding

[

The transmitter M, the condenser K, and
the minor coil-winding ¢* are serially con-
nected in the local ecircuit ¥, this local eir-
cuit F being set off or looped from two points
12 and 13 of the main-cireuit conductor and

-constituted in part of the portion n of sald

main-circuit conductorincluded between said

two points. The conductor-section 7, ex-
tending between the points 12 and 13, is
of course common to the main cireuit L and

‘the loecal circuit F, and the transmitter M is

connected therein, being thus well placed to
receive a supply of current from the source
P-at the central station in the main cireuit,
and by its operation to produce the necessary

76

75

30

variations in the local circuit, which varia-

tions are then inductively transferred to the
main line and distant receiver through the
intermediation of the induction-coil I. The
telephone-switeh S is also placed in the said

| common section of conductor n and 1§ en-

abled thereby to control both the main cir-
cuit and the local circuitF. As hereinbetore
stated, these circuits are both held normally
open at the switch-contacts 2 and 3, the switch
being then maintained in its lowest position
by the weight of the receiver upon the hook.
When, however, the receiverisdisplaced, the
switch moves to its second or higher position
and establishes contact between the two
switch-points 2 and 3 and between both and

| the main - circuit eonductor w through the

transmitter.

The main circuit is thereby
conduectively closed, and although the local

{ eircuit F includes the condenser K 1t also 1s

l

operatively completed. The said local cir-
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cuit F, beginning at the switch S, may be

traced as follows: the said switeh 5, the com-
mon section of conductor n, including the

transmitter M, point 13, conductor 15, con-

denser K, conductor 16, winding 2° of the in-
duetion-coil, and the switch-contact 3. The
second local circuit V is not under the con-
trol of the switeh S, but remains constantly
closed. It is formed by connecting the ter-
minals of the induction-coil winding 2° with

those of the telephone-receiver T, which may

be of standard construction and resistance.
It therefore contains the said minor winding

43 of theinduction-coill and thesaid receiver.

Thus connected it has been experimentally
demonstrated that the side tone and the lia-

‘bility to disturbance by the tendency of the

transmitter to microphonically take in sounds
produced in its vicinity are so materially re-
duced as to be nolonger noticeable and that
neither the transmission nor the reproduc-
tion of conversation are adversely affected.
In the system or organization of telephone-
circuits for station apparatus deseribed here-
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in good results have been reached by employ-

ing a standard seventy - five-ohm receiver, a
{wo microfarad condenser, and an induetion-
coil with a main or principal helix wound
with No. 26 wire to a resistance of about
thirty ohms and having its two minor heli-

"1 ces each wound with No. 31 wire to a resist-
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the transmitter;
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ance of about twenty-six ohms. These pro-
portions or magnitudes are not, however, in
any sense absolute or precise and are stated
merely as being convenient for the satisfac-
tory construction and operation of the inven-
tion. |

The said invention, having thus been fully
set forth, is claimed, as follows

1. In a telephone- uremt substation appa-
ratus, the combination of the main circuit;
the station-receiver; a condenser; two asso-
ciated local circuits, one containing the said
receiver, and the other containing the said
transmitter and condenser and formed in
part of a section of said main circuit; and
an induction-coil having three helices or

~windings, one connected in-said main cireuit,

and the other two in the said local circuits
respectively; substantially as set forth.

2. In a telephone-circuit substation appa-
ratus, the combination of the main circuit;
the receiver; a condenser;
an Induction-coil having a main or prin-
cipal winding or helix connected in said
main circuit, and two subordinate windings
or helices, the mutual induction between the
main winding and each subordinate winding
bein
subordinate windings; a transmitting local
circuit containing the transmitter, the con-

denser, and one of the said subordinate in-

duction-coil windings; and a receiving local
circult containing the receiver, and the other
subordinate induction-coil winding; substan-
tially as set forth. .

3. A subscriber’s or substation organiza-

tion or system of telephone-circuits, eonsus:t-,

ing of a main circuit extending outward from
sald station to a distant station; an induec-
tion-coll having a main or principal winding
1included in said main circuit, and two subor-
dinate or minor windings; an assocmted local
circuil set off or looped from two points of
the conductor of said main circuit, and con-
stituted in part of the portion of said con-
ductor included between said two points; a
telephone-transmitter connected in said com-
mon portion of conductor and thereby in-
cluded in both of the said main and local
circults; a condenser and one of said minor

induction-coil windings included also in said

local circuit in series with said transmitter;
a telephone-receiver; and a second associated
local circuit containing the said receiver and
the other minor winding of said induction-
coll; substantially as specified.

4. The combination in a telephone - ex-
change substation apparatus or system of
telephone-cireuits, of an induction-coil hav-
ing a principal and two minor windings; a

| mcun—urcmt loop or connection including the

sald principal winding; an associated 100&1
circuit formed in part of a section of the con-
ductor of sald main circuit, the said condue-
tor-section being thereby made common to
both circuits; a transmitter included in said
common section of conductor

¢ greater than that between the said two

in the said
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both of the sald circuits; a telephone-switch
also in said common conductor-section con-
trolling both of said circuits; a condenser; a
receiver, and a second local circuit; the said
condenser and one of the said minor induec-
tlon-coll windings being connected in the said
first-mentioned local circuit in series with
one another and with said transmitter, and
the saild receiver and the other minor induc-
tion-coil winding being serially connected in

the said second loca,l CIrcmt ; substantially as

described.

5. In a telephone system, the combination
of a main telephone-circuit extending be-
tween a central station and a substation; and
a source of electrical energy at said central
station included in said main circuit; with
substation devices and circuifs comprising
an assoclated local circuit formed in part of
a section of the conductor of said main cir-
cuit; a telephone-transmitter connected in
sald common section of conductor and there-
by included i1n both main and local circuits
to receive current from said source in the

~tTormer, and toproduce voice-vibrations there-

from in the latter; a condenser; a telephone-
receiver; a second associated loeal circuit;
and aninduction-coilhaving a principal wind-
ing connected in said main circuit, and two
minor windings connected respectively, one
in series with Smd transmitter and condenser
irst-named local eircuit, and the
other serially with said receiver in the said
second local circuit; substantially as set
forth.

6. In a telephone system, the.combination

- of a main telephone- circuit extending be-

tween a central station and a suhstamon, a

-source of current such as a battery conneected

therein at said central station; telephones
comprising a transmitter and receiver at both
of said stations; and an induction-coil at the

-sald substation having a principal winding

connected in said main circuit, and two minor
windings connected up in independent local
mrcmts one with the substation-transmitter,

and the other with the substation receiver;

the mutual induction between each minor
winding and the principal winding being
greater “than that between the said two minor
'\Vll‘ldlﬂgb substantially as set forth.

7. In a teléephone system, the combination
of a maln telephone - circuit extending be-
tween a central station and a substation; &«
source of currentsuchas a battery connected
therein at said central station; ‘telephones
comprising & transmitter and reﬁelve at both
of said stations; two associatedlocal circuits,
a condenser, and an induction-c¢oil having a
principal and twominor or subordinate wind-
ings all at said substation; the substation-
transmitter being connected in a portion of

.conductor common to the said main and to

one of said local circuits, the principal indue-
tion-coil winding in the said main circuit, the
condenser and one of the said minor indue-

and therebyin | tion-coil windings in the said local eircuit
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which includes the transmitter, and the sub-
siation-receiver and the other minor induc-
tion-coil winding in the remaining local eir-
cuiit; substantially as specified.

8. In a telephone system, the combination
with a conversation-circuit extending be-
tween two substations through a central sta-
tion, and formed of two component substa-
tion-circuits united for through communica-
tion at said central station; telephones com-
prising a transmitter and receiver at eachsub-
station:; and a battery or like source of elec-
trical energy associated with said component
circuits at said central station and adapted
to supply current independently to the sub-

station-transmitters of both; of two associ-

ated local circuits, a condenser, and an in-

duction-coil having a principal helix or wind- |
ing and two minor windings at the substation |

&

of the said loecal circuils and also inthemain
circuit, the principal induction-coil in the
main circuit, the condenser and one minor
induction - coil winding in the local eircuit

| which includes also the said transmitter, and

the substation-telephone receiver and the re-

| maining induction-coil winding in the other

local circuif; substantially as described.

In testimony whereof I have signed my 3o
{ name fo this specification, in the presence of
i two subscribing witnesses, this 27th day of

March, 1903.

GEORGE K. THOMPSON.

Witnesses: | |
GEO. WILLIS PIERCE,

JOSEPH A. (GATELY.

| of each component circuit; the substation- 20
telephone transmitter being connectedin one
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