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UNITED STATES PATENT OFFICE. 
WILLIAM E, ATHEARN, OF, NE A. Yor.K., N. Y., ASSIGNOR. To AMERICAN TELEPHONE 

AND TELEGRAFE CO: PANY, A CORPORATION OF NEW YORK, 

ELECTRICAL CONUCENG SSEE. 

Specification of Letters?atent, 
Application filed April 29, 1908. Serial Ito. 429,974, 

To ait uphon, it may concern: 
Beit known that i, WILLIAM E. ATHEARN, 

residing at New York, borough of Brooklyn, 
in the county of Kings and State of New 
York, have invented certain. In provements 
in Electrical Conducting Systems, of which 
the following is a specification. 

Circuits for telephonic and telegraphic 
communication, or other lines over which 
electrical signals are transmitted under com 
paratively ow potentials, are liable to be 
subjected to the inductive influence of such 
alternating current power circuits as are 
used for the propulsion of heavy railway 
trains at high speeds. These power systems. 
frequently operate with excessive currents 
and at a relatively low frequency, say 
twenty-five cycles, and have been found 
sometimes to set up in adjacent conductors 
electromotive forces often, amounting to 
from one hundred and fifty to three hundred 
volts and sometimes reaching eight hundred 
volts. Under such conditions a grounded 
telegraphic circuit, as usually organized, is 
rendered inoperative, the induced twenty 
five cycle current, even if not under much 
pressure, causing the relay armatures to so 
wibrate that the Morse signals are endered 
unintelligible. With metallic circuits, as 
those of the telephone, no matter huv care 
fully they are transposed, they still may be 
seriously affected when the induced electro 
anotive force reaches about two hundred 
volts, since it then begins to discharge at the 
lightling arresters, and to the disturbance 
thus produced is added the hazard of fire 
from insufficient insulation and of painful 
shocks to subscribe's and operators. To 
prevent these difficulties, it has been pro 
posed to diminish the inductive effects by 
applying to the disturbed conductor's oppos 
ing electronotive forces generated in the 
plural Secondary windings of one or more 
properly designed induction coils, there be 
ing one of these secondary windings con 
nected in each signaling conductor, while a 
primary winding for inducing in the sec 
ondaries the neutralizing 
forces is in a circuit under the same induct 
ive influence as said signaling conductors. 
To attain the best results the resistance of 
the primary circuit of each induction coil 
must be low, and therefore the primary 
winding consists of a conductor of relatively 
large, cross section. To continue this low 

electromotive 

resistance throughout the circuit of the 
primaries, the conductors making up the re 
mainder of this neutralizing circuit must 
also be of Sinail resistance, and since, as al 
ready pointed lit, their cxposure must be 
the same as that of the lines in which dis 
turbances are to be abated, it has been found 
convenient to set aside fl'oin the latter a 
sufficient in thber to give the requisite con 
ductivity, connecting these in multiple to 
each primary winding and grounding their 
extremities outside the affected district to 
perhit a low of the primary lieutralizing 
cu'reint. It Will be evident that the lines 
thus employed are useless for the purposes 
for which they were it tended, silice their 
connection with the single primary wilig 
In lakes them, in efiect a single conductor and 
the ground connections carry of the signal 
ing as well as the neutralizing currents. 
There must consequently be counted against 
this system, in addition to the comparatively 
Small investment in induction coils, charges for the neutralizing conductors amounting 
to at least twenty-five per cent. of the ex 
penditure for those protected. Though a 
gain is made, it is at a heavy cost, and the 
purpose of the present invention is to mini 
mize this loss in conductors. 

Patiented Nov. 23, 1909. 
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With this end in view, my invention con- 85 
sists in a means of utilizing for transmission 
the primary conductors, and abating therein 
the effect of the directly induced electromo 
tive forces which develop in the secondary 
conductol's the neutralizing electromotive 
forces. - . . . . . - 

In the accompanying drawings, Figure 1. 
illustrates diagrammatically one embodi 
ment of my invention; Fig.2 is a front ele 
vation of a transformer adapted for use in 
the system; Fig. 3 is a side elevation of said 
transformer, and Fig. 4 is a diagram show 
ing another arrangement of the system from 
that of Fig. 1. 

Similar characters are applied to like 
parts throughout the figures of the draw 

S. 
eferring particularly to Fig. 1, a ground 

ed power conductor it, for high potential, 
low frequency alternating current, is shown 
extending in proximity and substantially 
parallel to a number of conductors L., I, 
which it is desired to employ for telephonic 
and telegraphic communication. It may be 
assumed that the conductor's L., L, are 
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practically equidistant from it. In the pres 
ent instance the conductors are arranged in 
twisted pairs, and are therefore adapted for 
metallic telephone circuits, but they may be 
also used independently of their application 
to telephone purposes or simultaneously 
therewith for grounded telegraph circuits, 
in the latter case either singly or in pairs by 
the well-known composite or simplex meth 
ods. The current traversing the power con 
ductor will induce in the signaling lines 
electromotive forces, tending to produce the 
disturbing currents and discharges previ 
ously mentioned. 
To render a portion of the lines available 

for signaling, they are divided into two 
groups a and b, the conductors therein being 
designated as L., L, respectively. I have 

20 
shown three times as many conductors in the 
group b as in a with the former distributed 
upon opposite sides of the last named group. 
In practice, as has already been pointed out, 
the distance of each pair of conductors in 
both groups from the disturbing conductor 
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would be substantially the same, all the sig 
naling conductors, for example, being con 
tained in a cable. In group a the conduc 
tors L are multipled together and have con 
nected with them in series a single low re 
sistance primary winding t of at least one 
induction coil or transformer T. At points 
beyond the ends of the power conductor the 
line conductors of group a are connected to 
ground or other common return at G, G 
through apparatus which will be later con 
sidered, since it does not enter into the op 
eration of the portion of the system now. 
being described. Each transformer has a 
plurality of secondary windings t, each con 
sisting of a pair of conductors and prefer 
ably equaling in number the pairs in the 
line group b. The design of the trans 
former is governed by the following gen 
eral considerations: The passage of the dis 
turbing current through the conductor will 
induce in each of the signaling conductors 
L and L substantially equal electromotive 
forces. In the primary group a this elec 
tromotive force will cause a flow of current 
through the circuit completed E. the com 
mon return, which, traversing the primary 
windingst of the transformers, generates an 
electromotive force ini each of the secondary 
windingst. The secondary windings are 
so related to the primaries and so connected 
to the conductors L, that the transformer 
electromotive force of the secondary con 
ductors opposes that directly induced by the 
power conductor, 
secondary coil with a greater number of 
turns than its primary to provide for losses 
in the primary conductors and in transfor 
mation, this secondary electromotive force 
may be made practically to nullify the dis 
turbing electromotive force. Complete com 

Then by supplying each 
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pensation cannot be obtained by such a 
transformer, because of differences in wave 
form and phase between the directly in 
duced and secondary electromotive forces in 
the conductors L. caused by characteristics 
of the transformer. This effect, however, 
may be minimized by the use of an efficient 
transformer and by keeping down the re 
sistance of the primary circuit, the latter 
condition being obtained by the large pri 
mary winding and the multipling with it 
of a number of the line conductors L. The 
number of transformers used depends upon 
the length of the groups of lines to be pro 
tected and the magnitude of the electromo 
tive force induced, since each of said trans formers will carry its proportionate part of 
the total voltage, and to distribute this 
among a plurality of transformers increases 
the factor of Safety in case of accident. 
the present instance two of these are shown, 
and the primary windings of these trans 
formers may be considered to separate the 
conductors L into three sections. 

It will be seen that the above system will 
adapt the conductors. L for both metallic 
circuit telephone and grounded circuit tele 
graph purposes between stations of which 
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two are indicated at A and B on each of two 
lines, since both the unneutralized parasitic 
electromotive force and the resulting current 
are Small; but obviously the conductors LP, 
multipled together and connected to the 
transformer primaries and to ground, are 
not capable of use for signaling purposes, 
... I will now describe my means for restor 
ing to the primary, conductors their eficacy 
for transmission. in this system there are 
two more important features, these being 
that each of the lines or circuits of group a 
are rendered electrically continuous inde 
pendently of the associated lines in said 
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group and of the windings of the transform 
ers, and that there is provided for the neu 
tralizing primary current a path to the com 
mon return which shall exclude operating 
currents. In the system as illustrated, I 
secure the continuity of each pair of con 
ductors by associating their successive sec 
tions independently of the primaries of the 
transformer through repeating coils R hav 
ing electrically symmetrical sectional wind 
ings , , and *, *. The opposite extremi 
ties of the primary it of each transformer T 
are joined in multiple with the centers of the 
windings of all the repeating coils connected 
to the same pair of line sections, that is, to 
points at the junctures of the coil sections 
', ', and r", by conductors 10 and 11, re spectively. Electrical signaling impulses of 
a pulsatory or alternating character, such as 
telephone currents, originated, for example, 
at a station A, flow in both sides of the E. 
Section in the circuit furnished by a pair of 
conductors L, passing serially through the 
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coii vindings ', ld inducing si:iiar cir 
gets in sile associated wiildings f", 
Traisinission iiii this continie thro 
file circuit is statio}} i3, each winding ', ' 

is acting as the primary and 7”. f* as the sec 
on diary of tie induction coil the 'eiation 
heig "eversed when the transmission (cci's 
in the opposite direction, The induced pri 
inary current, which is to be used in the pro 
tractic in of the compeiasating secondary cur 
eits, traverses each pair of line conductors 
it in parallel, inward through both sections 
of the widing , ; of the first repeating coil, 
conductor i0, the primary it of the first 
trailsformer, conduciar i, out. 
repating coil vinding *, *, , and SO on 
through tie line, this being reversed for each 
alternation. As this primary cirrent due to 
the power conductor is equal and opposite in 
both sides of the line pair and in both see 
tions of the repeating coil windings, it will 
lie alanced and Sithout effect 
operating curreni. 
To furnish a selective ground cranection 

for the neitralizing current, i have she Wii 
bridged acress each line pair beyond the op 
posite extremities of the distribating con 
dictor i, a suitable impedance coil witi is is SS 

center united to the grouild ii is a ca:3 tillctor' 
12. T.) the telephone claii'ents assing in the 
same direction through their entire length 
these coils present so high an impedance as 
to be practically op: que or exclusive tiere 
to, but for the induced current flowing in 
opposite directions through the halves, they 
act differentially and become readily perinis 
sive... a this imanner operating currents are 
confined to the metaili circuit in which they are originated, while the primary neutraliz 
ing current airculates in the condictor's i. in a raiei and thre:gh the coifiyaoi ground 
regui'in. 
Fran what iss 

it provided a 

3. 5 

been stated, it will be Sceil 
lethod whereily the 

(; ; ; 3 S 
. . 3,3 

2: (ii 
forge wick. 

... -- - -- i. C:Ji'i, 

raight, under some condi 
tions of circiits and exposure, be SG great 
as to lead to the disriptive discharges and 
to catase fires and shocks as has been de 
scribed. 13 it the transformers, by the Self 

counter electromotive force opposing the 
impressed electromotive force a lict approach 
ing it. ii magnitude, the difference being the 

necessary to send the transfortner 
65 magnetizing current through the primary 

{}lii, 
tie resultant electi’s notive force wiil be lot) 

ard by the 

Fiary condicters, two repeating coils 

wir 

induction of their primaries will generate. 

$3. 

circuit. As the transformers are designect 
{{7 operate efficiently and the iesistance of 
the primary circuit is coinagaratively Small. 

Tings low to be detrimenia. group G of 
signating onductors willi therefore be as 
fully protected against inductioin as is the 
group (b. 
To avoid confusion in the diagram, the 

primary and secondary windings of the 
transformer's appear as separated from 
one another. 
actually be used is shown in Figs, 2 and 3 
of the drawings. Here a rectangular core 
i", built up of laininae of S0ft iron, has upon 
its opposite ionger sides the primary wind 
ing 5 distributed unifornity. This primary 
is finished by three hairdred and fifty 
tains of insulated copper tape, having sec 
tional dimensions of seventy-two tie 
Sandths of an inch by one and three-tenths 
inches and a total resistance of about four 
teaths of an ohm. Over this the plural 
secondariest are placed side by side on both 
cores, each having the same number of 
Earns of paired windings as the primary and 
being of humber twenty insulated copper 
wire, each of these wires presenting a re 
sistance of approximately five and seventy 
five hindredths ohms. Tapsi' are brought 
out from the primarif winding, whereby the 
number of turns may be reduced by amounts 
varying up to about fifteen per cent. of the 
iota to give the desired 'atio of transfor 
nation. The repeating coils and impedance 
coils need not be particularly described, as 
standard apparatus may be employed. 

it will be inderstood that iry improved 
systein may be modified in many respects 
without departing from the spirit of the 
invention. 

in Fig. 4 I have indicated diagrammat 
ically an arragement in which, instead of 
a single repeating coil at each transformer 
i i? coatiae a signaling circuit from line 

i?ie section of each pair of pri 
-- ° and 

3.33 asei. Each coii has one sectional 
is indiag , a joined in series with the con 
{{{ of one line section, while the other 

'', 3' are placed in series with one 
another by conductor's 13, 13. The primary 
i of each transformer is united at one ex 
irenity by a conductor i4 with the juncture of the windings *, r* of the coils R, while. 
the opposite end of the primary is similarly 
connected by a conductor i5 to the wind 
ings. *, r* of the coils R. As in the organ 
ization of Fig. i., the neutralizing primary 
current flows though the conductors of each 
line pair in parallel, inward through the 
winding r, r* of coil R", conductor i4, pri. 
tary of the trainsformer, coiaducto: 25, oat 
ward by winding *, r* of coil R8 and on 
through the circuit as has been previously 
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Such a transformer as night , 
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traced, and then upon alternation in the op 
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posite direction. The signaling currents 
circulating in a line section traverse the winding r, r of coil R* serially, inducing 
like currents in the winding r, and this 
flows in the circuit formed therewith by the 
conductors 13, 13 and winding r of coil R*, 
the last-named winding repeating into the 
winding *, r* of coil R. Save as indicated, 
this arrangement operates in the same man 
ner as that of Fig. 1. 
In my application, Serial Number 429,973, 

filed April 29th, 1908, I have claimed a 
method described but not claimed herein. 

claim: 
1. An electrical signaling system compris 

ing groups of lines, an induction coil having 
a primary winding connected to the lines of 
one group and secondary windings joined to 
the fines of a second group, and means for 
preserving the electrical continuity of each 
line of the primary group independently of 
the associated lines. 

2. The combination with conducting cir 
cuits, of an induction coil having a winding 
connected to the circuits and dividing them 
into sections, and means for transmitting 
electrical impulses from section to section 
independently of the induction coil. 

3. An electrical system comprising a plu 
rality of conductors, a transformer having a 
primary winding and a plurality of second 
ary windings, a portion of the conductors 
being connected in parallel to the primary 
winding and other conductors united sep 
arately to the secondary windings, and 
means outside the transformer for permit 
ting the flow of current through each of the 
conductors united to the primary winding. 

4. The combination with a plurality of 
conductors and a common return conductor, 
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of an induction coil having a primary wind 
ing connected in parallel with a plurality of 
the conductors and dividing them into sec 
tions and being provided with secondary 
windings joined to other conductors, repeat 
ing coils for electrically associating the con 
ductor Sections at opposite sides of the pri 
mary winding, and connections from the 
primary conductors to the common return 
conductor, Said connections acting select 
ively with respect to the currents passing 
through the winding of the induction coil 
and those transmitted by the repeating coils. 

5. In a signaling system subjected to in 
duction from a source external thereto, the 
combination with two groups of conductors, 
of a transformer having a primary winding 
connected in one group of conductors, a sec 
Ondary winding connected in the other 
group, Said transformer being organized to 
generate under the influence of the external 
Source upon the primary conductors an elec 
tro-motive force in the secondary winding 
opposing that caused by the external Source, 
means for Securing independent paths for 
the signaling currents through the primary 
conductors, and ground connections for in duced currents from the primary conduc 
tors, said ground connections being situated 
at opposite sides of the transformer and being impassable to the said signaling cur 
rents. - 

in testimony whereof, have signed my 
name to this specification in the presence of 
two subscribing witnesses, this 23rd day of April 1908. 

WILLIAM E. ATHEARN. 
Witnesses: 

ROBERT FOSTER JANEs, 
SYLVANUs H. CoBB. 
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