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To all whom it may concert: ,

Be it knownthat I, THEODORE SPENCER, re-
siding at Cambridge, in the county of Mid-
dlesex and State of Massachusetts, have in-
vented certain Improvements in Station Ap-
paratus for Telephonic and Telegraphic Cir-
cuits, of whieh the followingisa gpecification.

My present invention relates to systems of
telephonie and telegraphic transmission and
more particularly to an improved arrange-
ment of circuits and apparatus for the pre-
ventionof disagreeable and harmfulsidetones
or undesired signals in the home receiving
instrament during the actual operation of its
associated fransmitter.

The operation of telephone transmitters,
when connected in the usual way, not only
reproduces the sounds uttered as is desired
in the receiver at the distant station, but nec-
essarily produces also a kind of echoing
sound, technically called “the side tone” in
the home receiver. Prior to the advent of
the powerful transmitters now used on long
distance telephone lines, the side tone was in-
significant, and was not productive of any
practical inconvenience. But since powerful
transmitters have been introduced, the noise
in the ear of the sender has become so much
louder, as to be unpleasant, and in fact disa-
greeable; and for this reason, as well as in
consideration of the additional circumstance
that it renders the ear of the user less sensi-
tive to incoming currents, or in other words
puts the ear “out of -adjustment” for the
sounds which shounld be observed, it is highly
desirable that the side tone should be elimi-
nated. ’

To accomplish this elimination, is the prin-
cipal objeet of my invention, and to accom-
plish it without the necessity of using a con-
denser (a device involved in all similar pre-
viously proposed methods, as far as I am
aware), is another object thereof. :

1t i, of course, necessary in rendering the
receiving telephone impervious to ‘sounds
caused by the outgoing currents, to provide
also that it shall remain fully responsive to
incoming currents from the distant ‘station
‘transmitter. In my invention thereceiving

‘telephone is made neutral and “irresponsive
to outgoing voice currents by connecting it
_between substantially ‘equi-potential - points

of the eircuit with respect to outgoing cur-
rents; and unequal action between the two
sides gf the source of currentdue to the static
capacity of the external circuit is prevented
by a high resistance uniting or placed be-
tween the terminals of said circuit. This re-
sistance is made sufficiently high to prevent
any substantial depreciation of the operating
current receivable from the distant stationa.

The arrangement is such that the regular

tqlephone instruments are combined with the
high resistance uniting the main circuit ter-
minals in’ parallel with the secondary helix
of the regular induection coil, and combined
also with a lesser resistance approximately
equal to the joint resistance of the greater
resistance and the main cireuit, this lesser
resistance being interposed between one end
of the said secondary and its corresponding
main line lerminal; the receiving telephone
moreover being connected in a branch ¢ircuit
between the central point of the induection
coil secondary and the main line terminal
with which the lesser resistance is connected.
Excellent results have acerued from this ar-
rangement. ' i
_The drawing accompanying this specifica-
tion is a diagram indicating the circuit ar-
rangement, the several appliances involved,
being all standard appliances familiar to those
skilled in the art to which my invention ap-
pertains.

C is a main telephone ¢ircuit, shown in con-
formity with the best practice,as being a me-
tallie cireuit having direet and return con-
ductors ¢, % It is evident that for the re-
turn conductor, the earth in a manner well
understood may, if desired, be substituted;
and to showsuch an alternative arrangement
earth terminal wires are indicated in broken
lines 9 and 10 leading respectively to earth
at E and E? at the two terminal stations M
and N concerned. Theapparatusand cireuit
arrangements at station N areshown as being
on the ordinary plan. . :

T? is the transmitter included together with
the primary helix ¢® of the induction coil, I3,
in the local cireuit, 2, of a battery, B2
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The secondary coil is in the ordinary way, -

divided into two’ sections s®and s* between

which is introduced the receiving telephone £,
My invention is shown as being applied at -
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station M. At that station 3 and 4 may be
regarded as the terminals of the station ap-
paratus with which are connected the incom-

ing ends of the line wires or conductors c¢ |

and c2

T is the transmitter, of any preferred vari-.

able resistance type, and is connected,; as
usual, in circuit with a current generator B

andthe primary helix ¢ of a double secondary |

induction coil I.
I have obtained good results from an in-

duction coil having a length of sixinches be-
tween the heads, a primary helix wound to |
the usual resistance of four tenths of an ohm, .

and a divided or split secondary helix, the
halves whereof, s and s* being each wound

with fourteen hundred turns of No. 28 wire, .

soastohaveeach a resistance of about twenty-
two ohms.
as a whole, is by means of conductors 6 and

7 connected in serial circuit with the main |

or external circuit, the said conduetors being
attached to the terminals 3 and 4, condue-
tor 6 being connected directly with terminal

3, and conductor 7 through an interposed re--

sistance appliance, (preferably an ordinary

resistance coil) R? with terminal 4. A high |

resistance R which I term the shunt resist-
ance directly unites the terminals 3 and 4.
In actual practice a resistance of fifteen hun-

dred ohms has proved satisfactory; a less
magnitude than this would be liable to shunt :
too much of the incoming current from the
receiving telephone while a materially greater ;
magnitude is under ordinary conditions un- |
The |

necessary and therefore undesirable.
resistance R is thus placed in parallel cirenit
with, or shunts the secondary helix and with

shunts the main circuit C.
As previously indicated, a second resist-

ance, R? is interposed in cireuit with the sec-
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ondary helix of the induction coil I, and is
located between the half s* thereof and the
cireuit terminal 4. This resistance which I

term the equalizing resistance has a lesser:
value than R, and six hundred ohms has |
Generally the'
resistance R* may have a value approximately |
equal to, or in other words may balance, the |

been found to answer well.

joint resistance of R and an average main
line eireunit C.

The receiving telephone, 7, is connected in
a branch circuit 8 between a point 5 at the |
center of the secondary helix, and the point :
4; and so placed is between points of sub-:

stantially like potential with respect to out-

going currents and remains therefore unacted .
upon by its associated transmitter, it being"
evident that the two halves of the induction |

coil secondary reinforce one another with re-
spect to the main circnif, but oppose one an-
other in the home receiver?; the side tone

thus being eliminated. Forthe current de-.

veloped by s, passing let us say, to 3 meets
between that point and 4 the joint resistance

This secondary helix considered

{ of current.
respect to the currents developed in said sec- |
ondary helix, it is also. in parallel with or |

501,472

of the line .and of resistance R, and thence
finds return from 4 to 5 through the receiver
t; while the current developed by s? circu-
lating through the coils s* conductor 7, re-
sistance R? and the telephone receiver, is of
equal strength but in the telephone branch
of opposite direction. The circuit through
the telephone branch 8, however,is of such 4
low resistance, compared with other paths
between the terminals or points 3 and 4, that
it always receives the major portion of the
voice eurrents arriving from the distant sta-
tion, and consequently satisfactorily repro-
duces speech. The funection of the resistance
R during transmission is to prevent the ad-
vance in phase of the alternating current de-
veloped by the s half of the secondary helix,
and circulating in the s branchof thecireuit,
and the consequent destruetion of neutrality
in the telephone; which advance would oth-
erwise occur byreason of the capaecity of the
line and its varying charge and discharge.

In former attempts to neutralize the re-
ceiving telephone at the transmitting station
by the use of a double secondary winding and
branch circuit, it has been requisite to intro-
duce a condenser %, as indicated in broken
lines at some point 2 in the conductor 7.

By the arrangement of circuits involved in
myinvention the condenser,always an expen-
sive and not always a satisfactory appliance,
can be dispensed with.

I have mainly described my invention as
being well adapted for use in connection with
systems in which the receiving instrument is
a magneto telephone; that instrument being
probably as sensitiveas any known to changes
I do not however intend to re-
striet the invention to its telephonic applica-
tion since the mode of rendering the receiv-
ing instrument nentral to outgoing currents,
or to the currents developed by the home
transmitter, and the arrangement of appara-
tus whereby it is carried into effect, is mani-
festly capable of application to other systems
of electrical intelligence transmission, or com-
munication, and is equally efficient and use-
ful in duplex telegraphy.

I claim~— ‘

1. The combination in an electrie eircuit of
areceiving telephone, and a transmitting tele-
phone at the same station; with means for
preventing the side tone in the said receiver
when the transmitter is operated, said means
comprising balancing resistances and ecircuit
connections for the said receiver whereby the
said receiver is connected between substan-
tially eqni-potential points of the circuit with
respect to outgoing currents, regardless of va-
riations in the electrie condition of the main
cirenit conductors.

2. The combination in an electrie telephone
cireuit of a station apparatus, comprising a
receiving telephone, a transmitting telephone,
and an induction coil therefor, having its sec-
ondaryhelix serially connected in said circuit;
with means for rendering the said receiver
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null or 11respons1ve to the outgoing currents
developed by the said transmitter, the said
means consisting of a greater resistance unit-
ing directly the Germinals of the circuit, and
shuntlnd said secondaryhelix; alesser res1st-

‘ance 1nterposed between one of the said cir-

cuit terminals and its corresponding second-
ary helix terminal; and a branch circuit in-
cluding the reCeiving telephone connected be-
tween the same circuit terminal and the cen-
ter of the said secondary helix, substantlallv
as hereinbefore.deseribed.

3. In an electric telephone statlon appara—

tus, the combination of main circuit termi-.

nals; a telephone transmitter and an indue-

tion coil therefor, having its secondary helix-

looped to said main circuit terminals; a high
resistance directly uniting the said elrcmt
terminals in parallel with the said secondary
helix; a lesser resistance approximately bal-
ancing the joint resistance of the greater re-
sistance and the external circuit, interposed
between one end of the said secondary helix
and its corresponding main eircuit terminal;
and a receiving telephonein a branch circuit
connecting the said corresponding main cir-
cuit terminal with the center of said second-
ary helix; whereby the said receiving tele-
phone is rendered neutral or irresponsive to
the voice currents of its associated transmit-
ter, while remaining perfectly responsive fo
incoming voice currents, substantially as
specified.

4, In a system of electrical communication,
a circuit arrangement for rendering the re-

cewmw instrument irresponsive to the send-
ing of 1ts associated transmitter, consisting,
of the external cireuit; a high resistance unit-
ing the terminals thereof and connected in
parallel ‘therewith or as a shunt thereof; three
other resistances connected in series between
the said terminals, two of which are substan-
tially equal to one another, and thethird sub-
stantially equal to the joint resistance of the
external®circuit and its shunting resistance;
and a bridge or branch conductor uniting a
point ‘between the said two equal remstdnces
to a point at the junction of the shuntresist-
ance and the equalizing resistance, and in-
cluding the said receiving instrument; sub-
stantially as and for the purposes speciﬁed.
5. The combination in an electrie cireuit of
a receiving telephone and its associated trans-
mitter so connected in such circuit that the
operation of said transmitter determines

equality of electrical potential at both termi--

nals of said receiver, the line being arranged

as one factor of a joint res1stance constuutv

ing an element of the balanced potential,

whereby disturbancesof the said balance due

to the varying electrostatic condition of the

line are minimized, substantially as described.
In testimony whereof I have signed my

name to this specification,in the presence of

two subscribing witnesses, this 8th day of

February, 1893.

THEODORE SPENCER.

Witnesses: :

GEO. WILLIS PIERCE,

JOSEPH A. GATELY.
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