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To all w}’wm it ma&y CORCETTL ! -
Be it known that I, ALEX. BERNSTEII& of

Bost(}m in the county 'of Suffolk. and State of
"Uf%sachusetts have invented a certain -Im-
proved M ethod of and Apparatus for Counter-
balaneing Induection Disturbances in Tele-
phfme of Wma;h .the fellewma‘ Is a slac,eiﬁm-

tiom.
My invention relates to telephoue -cireults,

and to the construction of telephones in an im-

~ proved manner, wherebythedetmmentwleffects
of induction may be greatly decreased, and,
In many eases, practically eliminated.” ‘The
whmﬂ%mﬂ -currents are, especially when cir-
culatingin alon gline, extrem ely feeble, and the
telephone itself 18, and evidently mmt neces-

: sarily be, an mstrument eﬁrreﬁpondmgly deli-
- cate and senczl’[we in orderthat it may be acted

| ' upon by such emrents
S QQ

The telephone is, how-
ever, invirtue ofits excessivesensibility, lmble

" to be influenced greatly by foreign electrical
- enrrents induced  in its conduetmﬂ-wme by

s
- telephone-circuit,  and, consequently, in the

- thecurrentstraversing other eenductmﬂ -Wires

adjaeent thereto. .Moreover, these induced
currents frequently act so strongly upon the

| -._j_uteleph@ne 1tself, as to drewn the articulations,
and to render oral communication difficuls,

- .and in some cases impossible.
this the case when the telephone-wire extends
- foralong distance pqmllel with or adjacentto

- other wires, conveying relatively strong cur-

Particularly 1s

- rents—such as thogseused in telegraphy or elec-

. veysa telephonic eurrent also. |
. The object of my.invention is to cmmter

triclighting—while the annoyance 18 also con-
mdera;ble even when the dlbtlll‘bll]ﬂ’ wire con-

B bfﬂ*‘u:me, cz}mpensa,te or neutralize the effects

. of this induction in an effectual, simple, and
economical manner, and thus to 1ender the
. operation of long lines praetm&ble even when

. they

are extended upon supports already
utilized for other condueting-wires. By the.
’1(3}116?611161}’& of this object telephone -wires

which, for example, telegraph-wires are sup-
p(}rted while heretofore special supports have

~been essential, and the telephonic communica-
- tion may then be readily established between

any two or more pt}lﬂtb which would, on the

~ score of economy, remain nnmunec‘re{l werea
-_Specml line (}f supperts necessarv

Railways

e

T .

may be extended upon a system of polesupon | p
zation of the permanent magnet contained in

the telephone, and it is most desirable that

.may also avail themselves of this invention to

utilize the telephone-wire as a medium of com-

munication between their several stations,
which would otherwise be impracticable on
“account of the telegraph-wires which are usa-
ally extended alonﬂ the line of road.

The chiet 1*emedy which has hitherto beer
pmp@sed for inductive disturbances has been
the employment of a return-wire parallel to
and near the first, instead of an earth-return.
This, however, 18 0111}? sufficient when the wires .
are near to One another and both wires equi-

55

60

distant from the disturbing-wire; and is, more- 65 '

over, objectionable from the fact that twice
the amoun‘b of line-wire and twice the labor

in construction become necessary. - In order

to attain the desired object, I make use of a
compensating-cireunit, and by a peculiar con-

struection of the reeewmﬂ -telephones and ar-

rangement of the 011*011113 in connection with
the S&ld telephones the induction is neutral-

ized in the telephone, while the articulations
are emitted clearly and distinetly.

This com-
pensating-cireuit, as I shall hereinafter show

and describe, may consist of an extra line-
wire, which either extends along the whole or
a 1}3;1% of the telephone circuit- 1me or which

in this later case taLes the form of an mduc~

tmn coil. |
I shall deseribe, first, the cﬂndltmns apper-

/0

75

is entirely placed in the recelving- .sta,tmn and 8o

tmmng to the first case,in which an extraline-

running parallel to the main wire, i1s exposed
in common therewith to similar inductive ac-

‘tion from the interfering wire or wires, and 1
combine the results of the inductive action in

‘the main wire
snich a manner as to counterbalance one an-

e with those in the extra wire in

other in the receiving-telephone.
The action of the ordinary recelving- tele-
honedepends on the variationin the magneti-

this variation should be perceptibly. effected

The effect of induction on the
telephone-wire is to eitherinerease or decrease

the 1101*111&1 maﬂneumtlon 112 an Il‘reﬂ‘lﬂ"tit‘ man-

wireis employed, the said extrawire being in- "85
| dependent of the wire which conveys the tele-
phonie current, which latter I shall hereinafter
designateas the‘main wire.”’ The extrawire,

00

.95

1060

only by the varying currents developed in the
transmitter.
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‘ner, 80 as to interfere peroeptlbly with the suc- |
cessful reproduction of articulate speech, and
to render the same indistinct. By the. addl- ;
tion of the extra wire the ‘proper amount of

-5 magnetization in the receiving- -telephone is

again restored. To enable this extra wire to
act on the receiving-telephone I employ two

- bobbins or helices on the core of the magnet

- of the said receiving- telephone, both wound

10 with wire of the same size and length; but one

- of the two bobbins—say the one nclnded in
~ the main-line circuit—is wound with a right-
~ handed helix, while the other bobbin (thnt in-

~ cluded in the citeuit of the extra wire)is wound

15 lett handed. If the two wires are equidistant

~ from a third and disturbing-wire, the current

induced by the said dlstnrbmﬂ‘ wu'e will have

. an equal strength in both mainand extrawire, |

- provided both are of the same length and that
2 the resistatice of both lines is the same;. but
the effect of theseinduced currentson the: mag-
“net of the telephone will be null, as the cur-
~ rents pass through the helices in Opp(}Slte di-
_, rection, and the magnet will therefore be sub-
25 ject and_reSpond onlyto the variations of cur-
rent produced in the transmitter. |
~ In the drawings, Figure 1 is a theoretical
| dmwmm representing the arrangement of the
main and extra wire, and FKig. 2 an enlarged
30 view of the mode in wh1eh the helieces enolrele |
- the receiving-telephone magnet.
| A represents the main l1ne C the transmit-
- ter, D the receiving- telephone, and B the ex-
~ tra wire. Thehtelephone D 18 provided with:
35 two spools or bobbins oppositely wound, b be-
- 1ng 1n circuit with the main wire A, and ¢ in
__ cireuit with the extra wire B. Both main and
- extra wires are connected with the ground G
| at both termini. A rheostator variable resis-
40 tance, I, 1s inserted in the cirenit of the wire
B near the receiving teleph')ne for a purpose
which will be herelneftel explained.

In Fig. 2, which represents on a larger scale
the active end of thereceiving- telephone MAag-
45 net and core, afew oonvolutmns of each wire

| are shown as encircling the core «, these indi-
cating the helices b and ¢ oonneeted respect-
- 1vely, with the main and extraline wi res They
are shown in diagram for greater clearness.
50 I shall now prooee(l to show the inductive
- action of a third wire running parallel to A
and B, and conveying currents varying in
~ strength, duration, or direction. It should be
‘here understood that the wires A and B are
55 supposed to be substantially equal inresistance
and length and equally distant from the third
wire. Undertheseconditionsthe induced cur-
rents'in A and B are of the same direction and
- are equal 1n gtrength. If, now, the induced
60 currentsare of the d11*ect1011 1],1d1oatecl by the
arrows 1n Kig. 2, they will traverse the coils b
and ¢ in the direction also therein indicated,
and their effect upon the magnet will be thus
neutralized. Inthe event of the induced cur-
65 rents being of opposite direction, the ultimate
~ result would obviously be the S'une In this.

way the 1nclnot1Ve eftect of a current Inathird | ]

wire is counterbalanced or compensated in re-

gard to the effect on the telephone. I haveso
far assumed that the wires A and B are equi-

distant” from the third and interfering wire;

“but 1t is not possible that such a condition can.
always occur. If the extra wire B is nearer

to the dlsturblng -wire, the current-induced in
B by the said wire will be stronger than the

one mmnltaneonsly mduced in A ; or, if the
extra wire B is more distant than A fronl the

disturbing-wire, the current induced in B by
the said wire wﬂl be weaker than that 1ndnoed
in A. In order to counterbalance these con-
ditions, I introduce, as hereinbefore stated, the

‘ad] nsteble resistance B into the circuit of the

extra wire B, and in so doing I am enabled to
equalize the'indn’oed currents, whereby their

action upon the receiving- telephone will also

_7'o

8¢

be equalized. The most convenient way to

effect this equalization is in all cases to arrange
-the rheostat E in the eircuit, so that its resist-f-
| ance may be varied to suit the varying condi-

.90"

tions of the lines. So long, then, as the lines

LA and B are BQ{UIdISE‘"LHt from the disturbing-
wire and equal in length and specific resist-

ance, it1s obviousthat the adjustable resistance

is not necessary. 1 have, however, found it
very convenient in any event to 1nsert a stand-
ard resistance, E, in the circuit of I3, which
‘may be decreased if the induced onrrents In
‘B become weaker than those in A, or which

| may be inereased if the currents in B become
stronger than those in A. This arrangement
18 edvantageous in view of the varying con-

95

100

ditions which take place in cireuits, arising

from atmospheric or other causes, over W]llCh

the terminal offices have no direct, control and

by which ecircuits which are normally similar
in all respects are frequently caused to differ

‘materially. The adjustable resistance Ii may

thus_ be varied and adjusted in such a way as

to make the effect of induection from a third

wire disappear in the telephone. To facili-

tate the adjustment, another variable resist-.
‘ance, B, may, if desired, be introduced into -

the main-line circuit.

105

110

Having now shown th abin thls arrang ement; -

lhe_lnclnohon from a third wire has no effect

in the receiving - magnet, 1 shall proceed to
show that the induction between the main

I15

wire and the extra wire is in like manner neu-

tralized. Each variation of the currentsin
the main wire will necessarily set up an in-
duced current 1n the extra wire. If the cur-
rent in the main wire A increases in strength,
then the current in wire B will have a clneo-.

120

tion opposite to the direction of the current

i A, and consequently both currents will

tend to increase.the magnetism of the tele-
phone-magnet «, becanse the convolutions in

125

the helix ¢ of the wire B are®ppositely wound '

to those in the helix b of the wire a. If the
current inthe mainline decreases, the induced
current 1n the.extra wire will have the same

~direction as.the current in the main wire, and
1f*the latter one tends to diminish the magnet-
1sm of the receiving-magnet, the induced cur-

130




. thereof, surrounding the core ¢ of the receiv-
© . ing-telephone, would have the same strength
20 as before. It i$ therefore evident that the ex-
- trawire B may be of any length, while its ef-
. fect can be always adjusted in such a way as
. - to annul the effect of induction from a third -

"ﬁfffi: 5 th rme
. resistance of wire B is-made but one-tenth of |
. what it was before, the current in the helix |

20

the coré in an opposite direction, by means of
“its oppositely-wound helix, tend to still farther .
decrease the magnetic’ strength of the core.
“These effects will be obtained irrespective of
. “the direction of the current in the main wire,
.. and the extra wire and auxiliary helix in eir- |
co - eudb therewith will therefore aid in increasing
- the efficiency of the telephone. I have so far
10 assumed that the wires A and B are of equal {
~length; but this is not essential, for 1f the .
- Tlength of the extra wire B is but one-tenth of
- the main wire A, the electro-motive force of |
. the induced eurrent will be but one-tenth of -
the amount formerly obtained, and if, now, the |
| cate or neutralize the hurtful effects of tele-

“  svire; bubt I may, as hereinbefore indicated,

i e said line H to pass through or include the

3

~primary helix ¢ of an induction-coil, K, of

“ snitable resistance. As in the preceedingfig-
. 35 ures, A is the telephone-wire; U, the trans-
. mitter; D, the receiver, having the opposite-

- “ly-wound helices b and ¢. ~ The secondary he-

. lix d of the induction-coil now takes the place
- and assumes the fanctions of the extra wire B
40 in theformer cases. This secondarycoil 18 in
. circuit with the coil ¢ of the receiving-tele-
.. phone and with the rheostat or adjustable re-
. sistance E, the said resistance being introduced
. forthe hereinbefore-described purposes,
induction-eoils may be made adjustable, and
by means of such adjustment and of the va-
. riable resistance I the effects of induction on
the wire A are subdued and overcome, being
‘neutralized by a counter-induction get up by
“the same disturbing-force exerted through the
‘telephone in an opposite direction to that of |
‘the original disturbing-currents, as fully ex-
‘plained above. The secondary wire of the in-
‘duction-coil K has exactly the same function
“as the extra wire B, and is practically an elec-
. trical equivalent therefor, condensed into a
©ooe "small compass. v '
.~ wire singly on the telephone is propexly bal-
. anced,then thesimultaneous action of any nuin-
. - aneced..

The

When the action of every

ber of them will _correspondiugly be well bal-

It1s evident that instead of one neutraliz-

e as there are induction-coils K; but this would

65

" . Iwill observeinconclusionthat

poit

not improve the general result, and would be

a needless complication.

rent in the extra wire will, by passing round

25 dispense with the extra-wire along the line al- -
- together, placing this- extra wire entirely in
~the receiving-station. 'Fig. 3 represents my
arrangement forsodoing. Inthefigure, H rep-.
resents the disturbing-wire, which may be a
line used for telegraphic or other purposes.
In the receiving-station I cause the circuit of

- ing-coil, ¢, there may be as many such coils |

X

i

the essential |

feature of my invention is that the induective

disturbances are annulled by a compensating

action which takes placein the telephone itself,

by means of an additional and opposing action
{ of another induction-current, produced from
‘the same source as the original disturbing-cur-

rent, the effect of which in the said telephone

is to exactly counterbalance the disturbance

caused by the induction-currents in the line-

wire, the final result of this compensation

being the reproduction of speech in the tele-

phone in a manner as free from interfering:

T

taken place. . .. o
'So far as I am aware all attempts to eradi-

noises as if no induetion in the line-wire had

phonic induction prior to my invention were
made upon the line-wire itself, with the Inten-

tion of accomplishing the said neutralization
TIn contradistinetion toall

in the line-circuit.
such methods I effect the desired result in the
receiving-instrument, which may be donemuch
more conveniently. .

70

75

80.

GO

1 may of course, if I so prefer, instead of

placing two separate helices npon the magnetic
core of the telephone, wind a single bobbin or

differential spool would be reversely connected

with the main and compensating circuits, by

which the same object would be effected 1n a
slightly different manner. ' -

It will be understood |
herein deseribed my invention with reference

| to but one receiving-telephone it is equally -

adapted for application at both or all stations

‘of a telephonic line, the said application be-
' ing at each station simply & duplication of the

arrangements and
have described. . |
I make no claim herein to the combination,
in'a telephone system wherein the telephone-
wire is subject to inductive interference from

_i‘nstrumenta,lities which 1

adjacent wires, of a differentially-wound tele-

that although I.']’i&VG-

| spool differentially in a manner well under-
| stood, and in that casé the two wires- of the

95

100

105

110

phone  with a -telephone-wire connected in -
circuit with one of the helices of said tele-

phone, and an induction-coil having 1ts sec-

ondary coil connected in eircuit with the other
helix of the said telephone and its primary
coil in the circuit of the disturbing-wire; or

115 -

of such a combination with the addition of a

rheostat or variable resistance included in the
secondary circuit of the induction-coll, reserv-
ing the same for a separate application for

TLetters Patent; but .

What I do claim is— |

1. The combination, substantially as herein- |

before described, of a main telephone-circult,
a compensating-cireunit, and a receiving-tele-

120

I25

phone provided with differentially-wound .

coils or heliees, one of the said helices being

included in each of the said circuits.
2. A main telephone-circuit, and an indue-
tion compensating-circuit therefor, combined

with a receiving-telephone having two sepa-
rate coils or helices surrounding the magnetic

core thereof, one of the said coils being in-

130
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cluded in each of the said elremts and an ad- | phome commume&twn of a main telephone-

justable resistance in the eompenswtmg CIr-
cuit, substantially as set forth zmd for the pur-
| poses specified.

5 3. The hereinbefore - deserlbed method of
counterbalancing inductive disturbances in a
recelving- te]ephone which consists in causing
curr ents similar in character and strength to

the distur bing - currents to circulate a,round |

10 the magnetic core of the said telephone in a

d1reet1011 opposite to that of the said disturb-
lllﬂ‘—CUII‘thS

- 4. Thecombination,in areceiving- ‘telephone,
of a magnet, a coil or helix of insulated wire

- I5 Surroundmo the core thereof, and adapted to
a second coil of insulated wire wound in ‘”L di-
rection opposite to that of the first, and adapt-

ed to be included in a compensatmﬁ* cireuit,

for the specified purpose.

5. The combination, in a system of electric
telephony, of a main telephone-line, an aux-
iliary or compensating line parallel. £0 the said
main line, and a receiving-telephone having
25 1ts mag netle core encircled by two Opemtmg

colls, one for and included in each of the said
line- elreults but wound oppositely or differ-
entially with reference to one another, where-
by interfering currents induced in the main-
line wire from an adjacent line-wire convey-
“1ng other electric currents may be counterbal-
anced i in the receiving-telephone by the action
~of similar currents induced by the said dis-
turbing-wire in the compensating-line circuit,
and eaused to circulate through the said tele-
- phone by means of the seeend heln: in an op-
posite direction.
6. The combinatinn,

20

30

stantially as described.

be included in the main telephone cireuit, and

m a system of te]e—i

line, an extra or eempensatmﬂ* line, a receiv- 40

ing-telephone differentially wound, one of the
differential colls being in the cirenit of the

main line and the other in the compensating-

line, a rheostat or adjustable resistance in the
eompeneabmg -line, and a second adjustable re- 45 .
sistance in the main line, for the purpose of
co-operating in reguletmﬂ the action of the
helices upon the magnetic core thereet sub-

7. The combination of a main telephone- 50
line, an auxiliary or compensating line par-
-’Lllel thereto, a receiving-telephone having its
magnetic core surrounded by two Sepemte
coils or helices, one of the said helices being
included in the main line and the other in the
compensating-line, and a rheostat or adjust-
able resistance in the compensating - line,

55

| whereby any inductive disturbance in the tele-

phone due to induction-currents in the tele-
pone main-line helix is counterbalanced by the
circulation of similar induction-currents in an

60

‘'opposite direction in the compensating-helix,

and whereby the induction-currentsin the aux-
iliary line may be caused to balance the in-

~duction-currents in the main line, 1rrespeetwe 65

of variation in. the distance of the two wires
from the cause of disturbance, by varying the
resistance of the satd fmx]ha)ry line, as de-
serlbed - _
In testimony whereof Thave signed my name
tothis specification, in the presence of two sub-
SGI‘lblllﬂ" witnesses, this 5th day of May, 1883.
ALEX. BERNSTEIN.

70

Witnesses: _
- GEOo. WILLIS PIERCE,
Trog. D. LocKkwooD.
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