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This invention relates to reduction of dis 
turbing voltages and currents in electric circuits 
and more particularly to the reduction or elimi 
nation of such disturbing voltages and currents 
as may arise in connection with communication 
circuits. 
The application of carrier systems to wire or 

radio signaling circuits introduces the problem 
of reducing noise on the various circuits to toler 
able values. In such circuits a considerable part 
of the noise may originate in repeater station 
and central office apparatus and may be intro 
duced into the circuits by way of closely asso 
ciated Woice frequency telephone and direct cur 
rent telegraph or other auxiliary circuits. The 
disturbances exist on these circuits mainly as 
longitudinal currents and voltages, that is, as cur 
rents and voltages which flow in the same direc 
tion in any given pair of conductors. The dis 
turbances may also arise from sources quite ex 
ternal to the telephone equipment, such, for ex 
ample, as harmonic disturbances in power plants 
or earth currents from other sources. 
The purpose of this invention is to devise a 

circuit arrangement which may be readily asso 
ciated with one or more circuits and which will 
So react on the circuit or circuits as to oppose and 
effectively reduce the disturbing effects referred 
to above. A second purpose is to accomplish 
this without direct connection to the physica 
circuits on which the distrubances are to be 
eliminated. The invention is of the general type 
of circuit disclosed in patent to Berthold, 
1,773,772, August 26, 1930, and this invention 
represents certain improvements over such cir 
cuits which arise from using what may be termed 
a Series-Series connection. 
The invention will be better understood by ref. 

erence to the following specification and the ac 
companying drawing, in which Figure illus 
trates a group of circuits such as a cable to which 
the invention is applicable; Fig. 2 shows in de 
tail the circuit arrangement constituting my in 
vention; Fig. 3 shows one specific way of asso 
ciating the circuit arrangement of my invention 
with the group of circuits on which it is to oper 
ate; and Fig. 4 shows my invention as applied to 
one arrangement of power station equipment. 

Referring more particularly to Fig. i, there is 
shown a group of pairs of wires, a, b, c, and d, en 
closed in cable f, which cable may contain any 
number of pairs of such conductors, any and all 
of which are subject to longitudinal currents 
arising from disturbances of one kind Or another. 
No restriction is to be placed on the use of these 

induces a voltage W.1 across its terminais. 

pairs of conductors for it is to be understood 
that some may be used for telephone communi 
cation at the Ordinary speech frequency, some 
may be used for telegraph purposes and sti 
others for carrier frequency signaling. It would 
be possible to associate.with each pair of con 
ductors apparatus for counteracting the effects of 
the disturbances referred to, but in my inven 
tion propose to correct for the disturbances in 
all the conductors together at One time and With 
One set of apparat S. 
The circuit arrangements for accomplishing 

such results are shown in Fig. 2, in which L repre 
sents a conductor, or groups of conductors in E, 
cable to which the correction is to be applied. 
For convenience in description I show this con 
ductor as grounded at its two ends, thus repre 
senting its longitudinal circuit current path. At 
the one end there is shown a source of E. M. F. 
E. and at the other end there is shown an im 
pedance 2 which is taken to represent the iro 
pedance of the longitudinal circuit. The gene." 
ator Ei may be taken to represent, the sources 
of the disturbances which are to be eliminated, 
and while here shown as localized at one point, 
it is to be understood that they may be impressed 
On the circuit al; numerous points. Such 
E. M. F.'s give rise to the longitudinal curren, 
and the purpose of this invention is to devise 

a system by which to reduce 1 to a sma part 
of the value which it would otherwise have. This 
may be done by employing the device shown at 
H, which may be looked upon as equivalent to 
impressing in series with the longitudiina cir 
cuit, E. M. F.'s which oppose those which oper 
ate on the device H or may be looked upor, as the 
equivalent of an impedance 2e introduce in 
series in the longitudinal circuit and effective for 
those frequencies only which ente air amplifier 
hereinafter described. The circuit H consists of 
two transformers A and B, coupled to the longi 
tudinal circuit, and an amplifier C, connected be 
tween the secondaries of the transformers A ani 
B. The operation of the device is as foliows: 
The Original current Sets up a flux in A. and 

his 
voltage is applied through filter F1 to the am 
plifier C, causing a voltage Wa to appear across 
its output. This voltage, operating through a 
filter Fa, drives current in the secondary of 
transformer B which induces a voltage Ea across 
the low side of the transformer B. The phase of 
Ea can be adjusted by the proper circuit connec 
tions to oppose E, thus reducing the current I. 
The extent to which reduction occurs will de 
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pend, among other things, upon the degree of 
coupling in the transformers A and B and on 
the gain of the amplifier. If the gain of the 
amplifier could be made infinite, the current 
could be reduced to zero and this would be equiv 
alent to introducing an infinite impedance in the 
longitudinal circuit. 
The quantitative relationships in the circuit 

may be expressed by the following equations: 
Let Z=total impedance of longitudinal circuit 

including equivalent impedance of H; 
Zi=mutual impedance at 

Za=mutual impedance at B; 
Z3=plate impedance of amplifier--impedance 

of the filter--the impedance of the secondary 
of B; 

-2=voltage gain of amplifier, including the 
effects of the filters, 

then 
W= 2 
W= n.2 

2 3. n2 2. 
Also 

Es2- mI22 
Bi- 2 2- an2 2. 2 

Whence 

2=2-2= m2 2. 
2. 

The effectiveness of this device in reducing the 
longitudinal currents may be found as follows: 
if I is the current which would ordinarily flow 
without the device, then we may set down the 
relation: 

- 22, 
triazz 

In general there will be disturbance of quite defl 
nite frequencies which are to be eliminated and 
at the same time there may be other frequencies 
which it is not desired to affect. In that case 
the filters F1 and Fa may be introduced, one be 
fore and One after the amplifier, to pass those 
frequencies only which it is desired to suppress. 

In Fig. 2 the transformers A and B are shown 
as being definitely made up of a primary winding 
and a secondary winding. This is a thoroughly 
possible arrangement but I find that a much more 
Convenient and Sufficiently effective manner of 
obtaining coupling from the longitudinal circuit 
to the amplifier circuit is that of merely enclosing 
the group of conductors comprising the longi 
tudinal circuit by a toroidal coil, as shown in 
Fig. 3. This toroidal coil may have an air core 
or an iron core-in accordance with the require 
ments of the particular situation and may be 
associated permanently with the coil or, as I 

3-2- 
T2 

have found convenient, may merely be clamped 
0. 

5 

around the cable or group of conductors. The 
coupling may be made sufficient in this case to 
bring about the desired results either by clamp 
ing over the cable sheath of Fig. 1 itself or over 
the group of conductors prior to their entry into 
the cable sheath. - 

It sometimes occurs that disturbances from 
power stations become serious in communication 
circuits running through the general territory 
of such a power station and it is possible to elim 
nate many of these effects by the use of my 5 
invention. This may be illustrated, for example, , 
in Fig. 4 in which a Y-connected three-phase 
generator is shown with a neutral return, this 
return Ordinarily being grounded at or, near the 
generator. Such a generator may give rise to 10 
disturbing harmonics in the neighborhood of say 
1,000 cycles, and it would be desirable to sup 
press these as completely as possible. Two such 
coils as those shown in Fig. 3 and corresponding 
to the secondaries of transformers A and B of 15 
Fig. 2 may be clamped or otherwise associated 
with the neutral in the manner indicated in Fig. 
4 and all this without in any manner whatso 
ever affecting the physical circuit. or installation. 
The introduction of this connection to the neu- 20 
tral is equivalent to introducing a large imped 
ance Ze in series with the line and effective only 
for those frequencies which are passed by the 
filters and F. 

It is evident that the circuit arrangement of 25 
my invention will find many other applications 
and that it may be readily installed not only 
in such places as already mentioned but wher 
ever disturbing effects arise, and it is to be under 
stood that the specific applications given above 80 
are for illustrative purposes only. 
What is claimed is: 
1. A communication system comprising a plu 

rality of circuits and means for eliminating there 
from the effects of longitudinal disturbing volt 35 
ages and currents, said means comprising an 
amplifier with its input circuit and its output 
circuit both inductively connected in series wi 
the circuits. 

2. A communication system including a plural- 40 
ity of conductors carrying longitudinal disturb- . 
ing currents, means for reducing the effects of 
Said disturbances, said means comprising an an 
plifier with its input circuit and its output cir 
cuit inductively connected in series with said 4.5 
conductors, a filter in the input circuit and a 
filter in the output circuit. of the amplifier to 
pass the undesired frequencies, 

3. A communication system including a plural 
ity of conductors subject to disturbing currents, 50 
means for Suppressing such disturbances com 
prising an amplifier, a series transformer connec 
tion from said conductors to the input of the 
amplifier, and a series transformer from the out 
put circuit of the amplifier to said conductor, 55 
the distance between the transformers being 
short as compared to the conductor to be pro 
tected from disturbances. 

4. A device for eliminating disturbances on a 
group of adjacent transmission lines, said device 60 
including two coils adjacent to the lines in such 
manner as to link the magnetic flux of said lines 
but physically separate therefrom, each and all. 
of said lines being in like relation to each of said 65 
coils, an amplifier in said device with its input 
connected to one of the said cols and its output 
connected to the other of said cols. 

5. A device for eliminating disturbances on a 
plurality of transmission lines adjacent to each 70 
other at one point, said device including two 
toroidal coils and an amplifier, the One coll being 
connected in the input and the other coll being 
connected in the output of the amplifier, the 
coils being so designed that they may be mag- 7s 
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netically associated with the lines at tWO adja 
cent points but without physical association. 

6. A device for eliminating disturbances of va 
rious frequencies on a group of transmission lines 
in the form of a cable, said device including two 
toroidal coils adapted to be clamped about the 
group of transmission lines within the cable at 
two adjacent points, an amplifier, the input of 
said amplifier being associated with one of said 
coils and the output being asSociated with the 
other of Said coils. 

7. A cable including a plurality of conductor 
pairs, each pair consisting of an outgoing and 
return conductor for a circuit, tWO toroidal coils 

3 
surrounding said cable, and an amplifier and a 
filter serially connected, one of said coils being 
connected on the input side of the amplifier 
filter combination and the other said coil being 
connected. On its output side. 

8. In combination, a plurality of conductor 
pairs side by Side, each pair comprising the out 
going conductor and the return conductor of a 
circuit, an amplifier and a filter serially connect 
ed, a Series inductive connection from the Said 
conductor pairs to the input of the amplifier 
filter combination and a like connection to its 
output side. 

ANDREW J. AKENS. 
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