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- citizen of the United States of

5

UNITED

STATES PATENT OFFICE.

MORGAN BROOKS, OF URBANA, ILLINOIS.

TELEPHONY.

No. 879,438.

To all whom it may concern: -

Be it. known that I, MORGAN. BROOKS, 2
America, and
a resident of Urbana, county of Champaign,
and State of Illinois, have invented a new
and useful Improvement in Telephony, of

_which the following is a specification.
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" ceived by his own,

My invention concerns the substation cir-
cuits of a telephone plant, and has for its
objéct the reduction or elimination of ‘‘side
tone”’, or that speech or noise heard in a tele-

hone réceiver resulting upon the operation
of the transmitter pertaining to that receiv-
er's substation equipment. = . o

Side tone, always useléss, becomes objec-
tionable when loud
the proper function of ‘the receiver, the re-
production of sounds produced at & distant
point. - Upon short lines the disadvantages
of side tone are usually not serious, but when
a telephone set is in a noisy position, as in &
tone due either to mechan-
ical vibration of the tra nsmitter, or to sounds
not interided to affect the telephone, is often
so serious as to prevent conversation. over
the telephone except in a carefully built
sound-proof booth. My invention will pre-
vent all such sounds from interfering with
the proper receipt of words from the distant
end of the line. Upon long distance co1-
nections, where the transmission of speech
approaches the Jimitations of the transmit-
ting and receiving apparatus, the side tone
manifests itself to disadvantage in three
ways: First, the joudness of the tone re-
ear from his own trans-

. mitter may be painful to the speaker when

. speaking: loudly into
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“be so very feeble

the transmitter, and
thus he may be inclined not to speak into the
transmhitter with requisite loudness to secure
the maximum efliciency of transmission of
the transmitter and of the line conductors;
second, the ear adapts itself to the volume
of the side tone and thus is disabled from
hearing -at once the fainter vblume of re-
ceived speech; and, third, the incoming trans-
mitted speech from the distant station may
as compared with the vol-
ume of side tone that when both parties
speak at once, as when one
rupt the other, the side tone of
obliterates the feeble transmitted speech of
the other, neither knows that ‘the other is
speaking, time is lost and confusion and even
misunderstanding may result.

The means here disclosed for the reduction
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or elimination of side tone do not involve
any weakening of the sounds received from
the ‘distant end:of the line. The speaker
may speals more loudly into his transmitter;
his ear retains involuntarily sensitiveness for
weak sounds from the distant end of the line,
‘it being unnecessary }
from the ear in speaking, and he is imme *i-
ately aware of any attempt at interruption
by the distant speaker, thus avoiding the
possibility of misunderstanding from simul-
taneous conversation by both parties, hither-
to a frequent source of trouble. :
. Sevenfigures accompany this specification,
in which, - ' L :

- Figure 1 shows a circuit with balancing in-
duction coils of equal turns, the receiver-cir-

“to remove the receiver.

69

65

70

cuit windings of the induction coils being in -

series; Fig. 2 shows a circuit with balancing
induction coils of equal turns, .the. receiver-
cireuit windings of the induction coils being
in multiple with each other; Fig. 3 shows the
circuit of Fig. 1 with modified coils in which
proportional windings are adapted ‘ta bal-
ance the receiver cireuit;
circuits of Fig. 2 with modified coils in whic
proportional windings are adapted to bal-
ance the receiver circuit; Fig. 5 shows a cir-
cuit for common. battery or central energy
transmission where the ‘transmitter current
is received from the central office over one of
the line wires and returns to the central of-
fice "over the remaining line wire; Fig. 6
shows & circuit for common battery or cen-
tral energy transmission where the trans-
mitter current is received from the central
office over both of the line wires in multiple,
and returns to the central office over an
earth circuit or over a common return con-
ductor; Fig. 7 shows a common battery sub-
station circuit in which the balanced receiver
is inductively associated with +the line con-
ductors, direct connection with the line con-
ductors being avoided. ‘

In each of these circuit diagrams, it will be -

| noted that the receiver has associated with
it two inductive windings, these windings be-
ing associated in each instance with inde-
pendent cores.

My method of accomplishing the reduc-

| tion or elimination of side tone consists m

Fig. 4 shows the
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thus proy iding the receiver with two or more -

| ‘asseciated inductive windings, and then of
| so &ssociating those windings with the trans-
| mission -cireuits, and of 'so balancing those
| windings against each other, or in’codper-
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ation with each other, that a balance is ob-

tained in the conductor containing the re-

celver, so that the currents or potentials at
the receiver terminals, due to the operating
of that receiver’s transmitter, will so oppose
or so supplement each other that little or no
effect will be perceptible in the receiver.
Referring to the diagrams pertaining to
local battery transmission, Figs. 1 to 4, in-
clusive, it will be noted that I have shown
two independent induction coils so associated

. s to neutralize the effect of the transmitter
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on the local Teceiver, while incoming currents
affect the receiver loudly. With coils of
equal turns affecting the receiver as in Figs.
1 and 2 inclusive, neutralization is perfect
when the line connection js open, and sur-
prisingly near perfection when the line con-
nection is closed.  With well designed in-
duction coils, the slight unbalancing due to
closing the line connection is scarcely notice-
able. "The induction coils are arranged in
such a way as to furnish the desired reactive

- electro-motive force or reactive current as

25

the case may demand to neutralize local
" sounds in the

_ receiver, while at the same time
they are arranged so as not to affect ad-
versely the sounds desired from the distant

“end of the line.
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In Fig. 1, neglecting the ‘line conductors,
31 and 32 and their associated induction-
coil winding 33, and assuming that battery
current is flowing in the primary circuit,
passing through primary induction-coil wind-
Ings 34 and 35 in the direction of the arrows
adjacent to those coils respectively, and as-
suming the transmitter 36 to be operating,
an increase in current in the primary coils
will induce potentials at the terminals of the
secondary coils 37 and 38 tending to cause
current to flow in the direction indicated by
the arrows adjacent to those secondary coils,
respectively.  The two secondary coils 37
and 38 form a elosed cireuit with the receiver
39, the three elements being connected in
series, and as, in this closed circuit, all po-
tentials resulting from the operating of the
transmitter 36 are at all times equal.and op-
posite, no current to affect the receiver 39
will ever flow by such transmitter operating.

With the addition of the line conductors,
31 and 32, and their associated induction-
coil winding 33, the balance existing be-
tween the two-induction coils is Somewhat
disturbed, but not to any great extent. By
the addition of that winding, 33, the primary
winding 35 is enabled to cause g potential
upon the line conductors 31 angl’ 32, and
thereby to transmit speech over those con-
ductors in response to the operating of trans-
mitter 36. .

Incoming speech over the conductors 31
and 32 acts “through induction-coil wind-
ing 33 and ind uction-coil winding 38, causing

a’current in induction coil winding 38 which | would

879,438

is effective upon the receiver 49.
any change in current in induction-coil wind..
ing 33 which would cause in induction-coil
winding 38 a current in the direction of the
arrow associated with 38, would cause also
in the induction-coil winding 35 a current
opposing the arrow associated with 35, thus
giving a current in induction-coil windipg 34
opposing the arrow associated with 34;-and
this current in turn would induce in induc-
tion-coil winding 37 & current in a direction
opposing the arrow associated with 37 and
therefore flowing through the receiver 39
in the direction of the arrow associated with
38, or in other words, in the direction of the
current directly induced in the winding 38
from the winding 33; the two currents thus
described, viz., the one produced directly
through 33 and 38 to the receiver 39, and the
one produced indirectly through 33 and 35
and then34 and 37 to the receiver 39, therefore
pass through the receiver 39 in the same dj-
rection and are effective upon the receiver 39.

In Fig. 2, neglecting the line conductors,
40 and 41 and their associated inducfion.
coil winding 42, and assuming that current
is flowing in the primary cireuit, passing
through primary. induction-coil ‘windings 43
and 44 in the direction of the arrows adja-
cent to these windings, respectively, and as-
suming the transmitter 45 to be operating,
an increase in current in the primary wind-
ings will induce currents in the secondary
windings 46 and 47 in the direction. of the ar-
rows associated with those secondary wind-
ings, respectively. The coils are shown
equal, and as the currents in the second-
aries supplement rather than o pose each
other, tlrl)e two windings will sﬁort—circuit
each other, resulting in a condition of no
potential across the terminals of the re-
ceiver 48. The receiver 48 therefore miay
be considered as being in a non-inductive po-
sition with reference to the secondaries of the
induction coils, and also with reference to
the transmitter 45, the relation becoming
only approximately non-inductive when the
line conductors 40" and 41 and their induc-
tion-coil winding 42 are added, due-to the
difference then existing between the two
induction -coils owing to the third winding
upon one of them. : .

With the addition of .the line conductors
and their winding 42, the transmission of
sEee_ch to the line conductors is possiblé
through the action of the primary 43 upon
the winding 42.

Incoming speech over the conductors 40
and 41 produces a current in the winding 46
which becomes effective upon the receiver
48.  Further, and change in current in in-

duction-coil winding 42 which would cause in.

induction-coil winding 46 a current in the
direction of the, arrow associated with 46
cause also in 1nduct10n—001l;‘wmd1ng 43

Further,
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a current opposing the arrow associated
with 43, (hus giving a current in induction-
coil winding 44 opposing the arrow associated
with 44, and this current in turn would in-

5 duce in induction-coil winding 47 a current
in a direction opposing the arrow associated
with 47 and therefore flowing downward
through the induction-coil winding 47,and
upward through the receiver 48, or in-other
words, in the direction of the. current in-
duced in the winding 46 directly from the
winding 42; the two currents thus described,

. viz.,theone produced directly through 42 and
46 to the receiver 48,and the one produced in-
15 directly through 42 and 43 anid then 44 and
47 to the receiver 48, therefore pass through
the receiver 48 in the same direction and are
effective upon the receiver 48. o
In Fig. 3, unequal coils are shown as ap-
plied to the circuit of Fi%. 1, the inequality
shown being one of number: of turns in’ the
+ windings. - The ratio between the turns of
induction-coil winding 138 and the turns of

.10

20

induction-coil winding 137 is shown as of one-

to two, while the ratio between the turns of

25 . ! o
induction-coil winding

thus the potential across winding 135 will
be always twice the potential aeross winding

g0 134, while the potential induced in the wind-

ing 138 will be always equal and opposite to

the potential induced in the winding 137, the
result being the same as obtained i Fig. 1
with equal coils, subject also to unbalancing
by the addition of the line conductors and their
induction-coil winding 133, but subject fur-
ther—also to readjustment to produce per-
fect balance after the addition of the line
circuits, if so desired.

35

40
that the potentials across the windings 135
and 134 are at all times proportional to the
aumber of turns in the windings, an equality
of resistance per turn and of inductance per
turn is involved; and in the further assump-
tion that simultaneous, equal and opposite
potentials are produced at the terminals of
the induction-coil vindings 138 and 137,
proper equalities or proportions in the ele-

45

50.

are involved, it being.easy, in the present
development of telephony and its associated
arts, to produce incduction coils having the
attributes assumed for the various elements
shown in the figures of the drawings accom-
panying this description. -

In Fig. 4 the conditions of Fig. 2.are shown
with modifed induction coils; agsuming the
elements 140, 141, 142, 143, 145’ 146, 148 to
be identical v ith analogous elements of Fig.
2, the turns of the v indings 144 and 147 may
te greatly reduced or increased in number as
compared with the analogous parts of Fig. 2,

- %et by the proper proportioning of turns, and
65
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y the proper control of the inductances of’

are used, the two primary windings, 49 and

135 and the turns of |
induction-coil winding 134 is as of two to one;’

In the assumption of the paragraph above.

ments of the maghetic fields; etc., of the coils,

8.

the induction coil, the receiver 1438 may be
made unresponsive to the operating of the
transmitter 145, either without the elements
140, 141, 142, or with those elements asso-

ciated as shown, and the balance may be 7q

‘obtained either perfectly for the elimination

of side tone, or approximately only for the
reduction of side tone to any desired degree.

Fig. 5 shows a cireuit for common battery
or central energy transmission where the 75 -
transmitter current is received from the cen-
tral office over oneé of the line wires and re-

turns to the central office over the remaining -

line wire. In this circuit, two induction coils

80
50, being connected in series with each other
and with the transmitter 51, the. three ele-

| ments and their connecting conductors form- .

ing the path thirough the substation tele-
phone equipment from line conductor to line
conductor for the direct current from the
central office battery, 52: Across” the ter-
minals - of the ‘two primaries in series- are
placed the receiver 53 and the condenser 54,
the receiver and.condenser being in series
with each other. ~Across the terminals of the

85

20

receiver 53.are connected the two secondary -

induction-coil windings, 55 and 56, the two
secondaries and the regeiver being all in mul-
tiple with each other. = = 95
In the transmission of speech in the cir-
cuits of Fig. 5 the transmitter 51 being as-
sumed to be operating, an increase in current
in the primary windings 49 and 50, current
being assumed to be flowing in the direction
of the arrows associated with windings 49
and 50 respectively, will cause a current in
the secondary induction-coil w indings 55 and
56 in the direction of the arrows associated
with those windings, respectively, those cur-
rents being. simultaneous and equal and
therefore neutralizing. each other in their
connection with the receiver 53, in the man-
ner noted in connection with Fig. 2. .
Incoming speech currents over the line 110
conductors have a path from line conductor -
to line conductor through the receiver 53 and
condenser 54, avoiding the inductances 49,
50, 55-and 56; thus practically the entire
energy of received speech makes itself mani-
fest upon the receiver 53, giving a very high.
efficiency for receiving speech, while elimi-
nating or reducing side tone for transmitted
speech. o ' :
“Fig. 6 shows a circuit for common battery
or central energy transmission where the
transmitter current is received from the
cer\icral office over both of the line wires in
multiple and returns to the central office over
an esrth circuit, or over a cOMIMON return
conductor. In this instance also, the two
rimary windings, 57 and 58, of the two in-
uction coils, are placed in series with each
othet and with the transmitter 59, the three
elements being in series with the two line 130

100
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conductors by the tap from the middle of
the induction-coil winding 60.  Induction
coil windings 60 and,62 may be identical or
may have any desired ratio. Secondary in-
duction-coil windings 62 and 63 are associ-

ated with the receiver as shown, and an in-

crease dn the current flowing in the pri-
maries 57 and 58 in the direction of the

arTows associated with those windings will

cause currents to flow in the secondary
windings 62 and 63 in the direction of the
arrows ‘associated with 62 and 63 Tespec-
tively. These currents so supplement each
other as to neutralize each other with ref-
erence to, the receiver 64, thus having no
effect upon that receiver in response to the
operating of the transmitter 59. .

The action in sending may be” described
specifically . as follows: Current with the
transmitter at rest flows continuously from

battery 61, over the line conductors in multi- _
ple, thence through the two halves of wind-

ing 60 in multiple and acting non-inductively
upon the core of that
through the winding 57, acting inductively
upon the, core of that

upon ‘the core of that winding, thence
through the transmitter 59, at Test, thence
to earth and through earth to the battery
61, the point of beginning. The volume of
this current varies in response to variations
In the resistance of the transmitter 59 to
Assuming a de-
crease in the resistance of the transmitter 59,
the current flowing in the above described
path will increase, .and as that current in-
creases, flowing in the direction of the arrows
shown adjacent to windings 57 and 58, in-
duced currents will be set up in windings 62
and 63 in the directions of the arrows shown

“adjacent to those windings, which two currents

may be traced independently, as follows:
First, current generated in induction-coil
winding 62 flows from winding 62 through
conductor 79, conductor 80, receiver 64,

“conductor 81, conductor 82 and to winding

62, thus flowing through the receiver 64
from conductor 80 to conductor 81; second,
current generated in induction-coil winding
63 flows from winding 63 through conductor
83, conductor 81, receiver 64, conductor 80,
conductor 84, and to winding 63, thus fpw-
ing through receiver 64 from conductor 81 to
conductor 80. The two currents just de-
seribed are simultaneous, and the physical
construction of the two induction coils con.

taining windings 62 and 63, respectively,

may be such as to make the said currents
> equal; as they are opposite in the direction of

their simultaneous flow through the receiver
64, they will tend to neutralize each other,
and if they are equal they will cancel each
other perfectly, and no effect will be per-

ceptible in the receiver 64. . The increasc: in

winding, thence |

winding, thence.
through the winding 58, acting inductively

879,438

! current in the induction-coil winding 57, -
a current .

in addition to its effect in inducin
in the winding 62, also has induced a current
in the winding 60 which finds its circuit over
the line conductors and to the apparatus -of

the transmission of

with that transmitter.

transmission, however,
-winding 60 is inductive and
winding 62 to affect’ the receiver 64.

For incoming speech
the induction - coil

coils, the structural features of whick may
be modified to produce
the receiver 64 for currents set u by the
transmitter 59, or may bé modiﬁeg to. pro-
duce only an approximate balance, as” de-
sired. : :

In Fig. 7 is shown a common battery sub-
station circuit in which -the line conductors
85 and 86 are bridged by two. primary. wind-
ings "~ and 88 of two induction coils, the
tran  “*‘er 89 being included in series with
the primary winding 88; the primary wind-
ing 87 has associated with it the secondary
winding 90, the relation being that usually
found between the two windings of an in-
duction coil, and being that relation in which

an increase in current in the primary winding
87 in the direction shown by the arrow ad-
jacent to that winding will produce a current
in the secondary winding 90 in the direction

similar,
through the primary windings in the direc-
tion of the arrow adjacent will produce a cur-
rent flowing through the secondary winding
91 in the direction of the arrow adjacent.

- Considering Fig. 7 for transmission of
‘speech, current may be*assumed to be flow-
ing from the plus terminal of the battery 92
winding 87 in the direction of the arrow, then
minal of the battery; also from line condue-
tor 85 through the branch path containing

the transmitter 89
88, flowing through
of the arrow adjacent thereto.

the latter in the direction

sistance of that transmitter may be assumed

to increase, the relation of the resistances of

vary, the path 89 88 because of its increased
resistance -will _take less current and- the
path 87 because of the increased resistancé

an inerease in current flowing in the direction
~of the arrow in primary winding 87 and re-
sulting in a decrease of current, flowing in the

direction of the arrow in primary winding 88;

~the central office equipment, thus effecting -
speech as a result of the -
operation of the transmitter 59 without .
affecting in any way the receiver 64 associated '

.The figure illustrates unequal induction

of the arrow adjacent to that winding; the.
primary winding 88 has associated with it a .
secondary winding 91, the relation being

namely, that an increasing current -

over line conductor 86 to the remaining ter-,

the two shunt paths, 87 versus 89 88, will-

of 89 88 will take more current, resulting in-.
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acts through the -
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& perfect balance in
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inerease of current in the direction of the ar-
fow in " primary winding 87 will produce a
cutrent in secondary winding 90 in the direc-
tion of the arrow adjacent thereto; decrease

-of current in the direction of the arrow in

primary winding 88 .will produce a current

in-secondary winding 91 opposing the direc-

i of the arrow  shown adjacent thereto:
these two currents, that induced in winding
90 and thatinduced inwinding 91,are simul-
taneous and opposite, and the two Induc-
tion coils 87—90 and 88—91, may be so con=
structed physically that the two currents will
he equal as well, thus neutralizing each other
in the receiver 93. The increase of the re-
sistunce of the transmitter has increased the
resistance of the substation unit as a whole,
and by such resistance-change has varied the
current flowing in the line circuit, thus caus-
ing a current wave at the central office ap-
paratus, as desired. '

For received speech, a current wave from
line conductor 85 will cause an increase of
current simultaneously in windings 87 and

588, both in the direction of the arrows shown
“adjacent thereto,

the coil 87 inducing in

- winding 90 a current in the direction of the

30
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-arrow adjacent thereto, while the winding 88
will induce in the winding 91 a current in the
direction of the arrow shown adjacent there-
to; the two cirrents thus produced in the
windings 90 and 91 therefore will supplement
each other in their effect upon the receiver 93.

My invention places the recelver in a non-
inductive or neutral position, where it re-
ceives no current from sending, but does re-
ceive current when receiving; thisis accom-
plished by a scheme of balancing induction
coils or of like connections, the balancing be-
ing made either perfect or only approximate;
as desired. - - | |
+ My invention for placing the receiver in a
strietly non-inductive position will naturally
suggest modifications of existing circuits less
acourate than my method here shown and
described, improving those circuits. I wish
to claim such improvements, although pre-
ferring to employ the more accurate methods.

Having thus described my invention,
what I claim as new and desire to secure by
United States Letters Patent, is: '

1. In a substation telephone set, the com-
bination of line conductors, a transmitter, a
receiver, and induction coils, said receiver
being connected with said: induction coils
nmon-inductively for speech currents from
said transmitter and a third winding on one

‘of said induction coils and connected with

smid line conductors, whereby said recéiver

60

(i3]

is inductively connected to said line, sub-
stantially as described.

2. In a substation telephone set, the com-
Lination of line conductors, a transmitter, a
loeal battery circuit, a telephone receiver,
and induetion coils, said telephone receiver

&3

being connected with said induction coils
l neutrally with reference to speech currents
' set up by operating said transmitter-and a
' third winding on one of said inductioneoils
| and connected with said line conductors,
| whereby said receiver .is” inductively con-
1 nected to said line, substantially as described:
3. In a substation telephoné set, the com

| bination of line conductdrs, a transmitter; a

| receiver, and induction:coils, said Tegeiver.

70

75

. being connected with a plurality of said in-

| luction coils and said line canductors being
connected with but one of said induction
coils, substantially as described. _ o
4. In a substation telephone set, the com-
bination of line conductors, two induction
coils and a receiver, said receiver being con-
nected with both of said induction coils and
said line conductors being connected directly.
with but one of said induction coils, substan-
tially as described. : :

hination of a transmitter, a receiver, and in-
duetion coils, said receiver being connected
with said induction coils non-inductively
with respect to speech currents resulting
from operating said transmitter and induc-
tively and non-conductively with reference
to said line conductors, substantially as de-
seribed. - . . -

6. In a substation telephone set, the com-
bination of a transmitter, a local battery cir-
.cuit, a telephone receiver and induction coils,
said receiver being connected to said induc-
tion coils neutraﬁy with reference to said
trafismitter non-conductively with reference
to said line conductors and nductively with
reference to said line conductors, substan-
tially as described. ' -

7. Tn"s substation telephone set, the com-
bination of a receiver, two induction coils,
each of said induction coils having a primary
energizing winding, a transmitter and a bat-
tery, said transmitter and battery being ¢on-
nected with ‘said two primary windings of
said induction coils, and said receiver being
connected to the secondary windings of said.
induction coils’ non-inductively with refer-

‘mary windings caused by operating said
transmitter and a tertiary winding on one
of said induction coils and connected to said
line conductors, substantially as described.
8. In-a telephone substation set, the com-
bination of two or more induction- coils; &
transmitter, a battery, said battery and said

ings of said induction coils to. energize the
magnetic fields of said induction coils, said
battery to continue such energization and
said transmitter to control such energization;

a telephone receiver, said telephone receiver
being connected to said induction coils non-

induced in said induction coils by reason of

80
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5. In a substation telephone set, the com-

90
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ence to the current undulations in said pri- -
115~
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transmitter being connected with the wind- -

126

inductively with reference to any currents -
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operating said transmitter; and ‘terminals | ductors being cotinected directly with buf
for the connection of line conductors to said | one of said inductive windings, substantially
induction coils whereby said line conductors | as described. _
.are inductively and non-conductively related | Signed by me at Chicago, State of Tllinois’
5 to said receiver, substantially as described. | and county of Cook, in the presence of two i5 -

.9. In a télephone substation set, the com- | witnesses.

bination of line conductors, a transmitter, a ; : ‘ ‘MORGAN BROOKS.
receiver, and inductive windings, said re- Witnesses: .
ceiver being connected with a piurality of - Kempstir B. Mrirer,

10 said inductive windings, and said line con- i © Eva A. Ganrocxk.



