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ELIMINATION OF INTERFERENCE IN CARRIER SYSTEMS.

Application filed May 10, 1924, Serial No. 712,447,

To all whom it may concern:

Be it known that I, Herman A. Arrer,
residing at Brooklyn, in the county of Kings
and State of New York, have invented cer-

5 tain Improvements in Elimination of Inter-
ference in Carrier Systems, of which the
following is a specification.

This invention relates to carrier systems

and more particularly to the eliminafion of
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external interference in such systems.

In systems employing carrier frequencies
for the transmission of signals, one of the
principal sources of external interference is
due to radio transmitters employing fre-
quencies lying within the range transmitted
by a carrier channel. Such Interference is
produced by the line wires acting as an an-
tenna to pick up the radiated wave and
transmit it to the receiving carrier appa-
ratus. :

It has heretofore been proposed to over-
come interference of this sort by picking up
a component corresponding to the interfer-
ing wave and impressing it upon the circuit
at some point common €o all of the carrier
channels with such phase and amplitude as
to neutralize the interfering component
transmitted over the line wires. While this
method is satisfactory where only one inter-
fering frequency is involved, some difficulty
has been experienced where more than one
interfering frequency is involved due to the
fact that each interfering frequency must be
treated separately by selecting into tuned
circuits components of each frequency and
separately agjusting the phase of the com-
ponent in_each tuned circuit. Any adjust-
ment made in one of the tuned circuits,
either for the purpose of changing the phase
40 or rendering the circuit selective of a 'de-
sired frequency, results in some change in
the characteristics of the other tuned circuits
associated with it, so that it becomes a very
difficult matter to make the adjustment.

In accordance with the present invention
this difficulty is evercome by arranging the
source of balancing voltage so that it works
into a substantially constant impedance.
This may be done by inserting a resistance
80 or interposing one or more vacuum tubes at
a proper point in the circuit.

The invention may now be more fully un-
derstood from the following description
when read in connection with the accompa-
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nying drawing, Figures 1, 2 and 8 of which
illustrate three different embodiments of the
invention. :

Referring to Fig. 1, ML designates a main
transmission line of a carrier system, which
is associated through a transformer 10 with
the common circuit RL of a carrier termi-
nal. Individual carrier channels RL,, RL,
and RL, are connected to the common cir-
cuit RL through filters such as BF,, BF,
and BF,, the band filters being designed to
pass to each individual carrier channel the
range of frequencies assigned to it.

One of the principal sources of interfer-
ences in a circuit of this kind is that due to
radio transmitting stations transmitting at
frequencies which lie within the range or
ranges of one or more receiving channels of
the carrier system. The main line of the
carrier system will act somewhat as an an-
tenna to pick up the waves transmitted by
the radio stations and transmit them to the
receiving terminal. In this connection, the
transmission takes place over the two sides
of the main line in parallel but as the two
conductors of the line are not exactly alike,
so that the main line is not exactly balanced
with respect to the ground, there would be 1
resultant component of the interfering fre-
quency, flowing serially over the two sides ot
the line, and it is this component that causes
interference in the carrier terminal.

In order to neutralize this component, a

local antenna may be employed to intercept

the radio energy, or as has been found de-
sirable, an inductance 11 may be bridged
across the line and a connection 12 is tapped
to the midpoint of the inductance 11 so that
the components flowing over the two sides of
the line in parallel may be taken off. The
components thus taken off may be changed
in phase and amplitude and then reapplied

to the circuit in such a manner as to neu-

tralize the series interfering components
flowing over the line. Branch circuits 21,
22 and 23 are connected in parallel to the
common tap 12 and these branch circuits
include suitable inductances, resistances and
capacities, such as L, R, and C,. The in-
ductance L, and the capacity C,, for ex-
ample, may be adjusted to tune the circuit
to a particular interfering component and
the resistance R, may be used to give the
component the desired amplitude. When the
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10

circuit is tuned to a particular frequency,
a very slight adjustment of the condenser
C,, for example, will produce a large change
in the phase without materially detuning the
circuit, so that the phase angle of the select-
ed component will be under control. The
three circuits 21, 22 and 23 may then be con-

nected through a transformer winding 20 to .

apply the several individual frequencies se-
lected to the main line ML with the same
amplitude and in opposite phase relation to
the corresponding series interfering compo-
nents, due to the radio stations.

The circuit, so far as above described, is
not entirely satisfactory, for the shifting of
phase and amplitude required for the proper
balancing of one frequency, changes the 1m-
pedance of the circuit intq which the bal-
ancing voltages work afid, hence, the tunin
for one frequency affects any balance al-

- ready obtained by adjustment of another
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circuit for another frequency. It is, there-
fore, necessary to render the several tuned

_circuits independent. = This is done, so far

as the output: side of the tuned cireuits is
concerned, by connecting them to the trans-
former 20 through one-way devices, such as
vacuum tube amplifiers A,, A, and A,, the
input circuits of the amplifiers being bridged
across the condensers C,, C, and C, respec-
tively and their output circuits being con-
nected together through the transformer 19
to the transformer winding 20. :

It will be apparent that the output.side
of circuit 22 can produce no effect in the

circuit 21 because the effect must be trans-

mitted through the one-way device A, and
this device does not transmit in a direction
to permit of transmission from 22 through
the amplifier A, to 21. - It now remains to
effectively. segregate the input sides of the
circuits 21, 22 and 23, and this is accom-
plished by providing a small resistance 18
in the circuit 12 and so arranging the
branches 21, 22 and 23 that they are in par-
allel with respect to this resistance. e

impedance of the resistance 18 is small as.

compared with the impedance through any
one of the tuned branches, such as 21, 22
and 23, so that any change in the impedance
of one of the branches due to the adjust-
ment of its tuning will produce little effect
in the total impedance across the terminals
of the resistance 18, this impedance being
largely determined by said resistance 18.
The tuning of one of the branches will,
therefore, produce very little effect in the
impedance of the other branches. This fav-
orable relation of impedances is, of course,
permitted by- the use of the vacuum tube
because of the amplifying properties of the
device. The amount of energg which each
of the balancing circuits takes from the com-
mon source of balancing components is there-
fore very small as compared to the total
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available energy and this may in a sense be

‘regarded as an essential principle of the

invention. ) R
A modified arrangement is shown'in Fig.

2. In this case, the tuned -circuits 21, 22 7

and 23 are prevented from reacting, one
upon the other, at their input sides, by inter-
polating one-way amplifiers A’,, A’; and A’,
between said circuits and the ground tap 12.
Upon their output sides the circuits 21, 22
and 23 are connected to the receiving chan-
nels LR,, LR, and LR, through transform-
ers 31, 32 and 33, bridged across the receiv-
ing channels beyond the band filters-BF,,
BF, and BF,. The output sides of the three
tuned circuits are therefore connected to-
gether through the common carrier terminal
circuit RL so that between each tuned cir-
cuit and the common branch there is a band
filter, such as BF,, BF, and BF,. Any
change in the tuning of the circuit 21, for
example, can produce Emctically no change
in the circuit 22 for the change in the im-
pedance of the circuit 21 must be seen from

‘the circuit 22 to the impedance of the band

filters BF, and BF, in tandem, and the bands
of free transmission of these two filters do
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not overlap. For all practical purposes, -

therefore, the several tuned circuits are elec-
trically segregated at both ends.

A modified arrangement is shown in Fig.
3, in which the electrical segregation of the
tuned circuits is obtained by providing one-
way devices on each side of each individual
tuned circuit. The system, as shown in Fig.
3, is also designed to take care of the situa-
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tion where more than one interfering fre- .

of the

quency may fall within the ran
As shown 1n Fig. 3

same carrier channel.

‘there are four tuned circuits 21, 22, 23 and

24, each tuned to a different interfering fre-
quency and arranged so that by adjusting
the capacity element of the tuned circuit the
phase angle of the wave may be adjusted
without material change in the tuning of the
circuit. Upon their input sides the several
tuned circuits are segregated by being con-
nected through one-way amplifiers A’,, A%,
etc., to a transformer 40 associated with the

ground tap 12. The amplitudes of the neu-

tralizing components are controlled by con-
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necting the grid circuits of the several amp- -

lifiers to proper points of a potentiometer 41.

In the case illustrated it is assumed that
the frequencies to which circuits 21 and 22
are tuned will fall within the range of the
channel RL,. Therefore, it is necessary to
connect these circuits together at the trans-
former 32, whereby the neutralizing elec-
tromotive forces are impressed upon the re-
ceiving channel. To prevent reaction be-
tween the tuned circuits. at this common
point, amplifiers A, and A, are interpolated,
as shown, on the output sides of the tuned
circuits. In a similar manner, the circuits
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23 and 24 are tuned to interfering frequen-
cies falling within the free range of the
channel RL, and these two cireuits are sep-
arated by means of the amplifiers A, and A,
upon their output sides,

It will also be noted that reaction of the
tuned circuits 23 and 24 upon the tuned
circuits 21 and 22 is prevented not only by
the amplifiers A, A,. A, and A, but bv the
fact that the two pairs of circuits are con-
nected to the receiving channels RI, and
RL, beyond the band filters BF, and BF,
so that the impedance of one of the tuned
circuits, as 21, must be viewed from an-
other of the tuned circuits, as 24, through
the band filters BT, and BT, in tandem.
1t will be obvious, therefore, that the tun-
ing and adjustment of the phase of each
tuned circuit may be made quite independ-
ent of the adjustment of any of the other
tuned circuits.

It will be obvious that the general princi-
ples herein disclosed may be embodied in
many other organizations widely different
from those illustrated without departing
from the spirit of the invention as defined
in the following claims.

What is claimed is:

1. In a multiplex carrier system compris-
ing a main transmission line and a plurality
ot carrier terminal channels, an arrange-
ment for reducing interference from exter-
nal sources comprising means for picking
up voltages from said interfering sources,
a plurality of selective circuits for select-
ing different interfering components, means
to impress the selected components upon the
carrier system with such amplitude and in
such phase relation as to neutralize inter-
fering currents transmitted over said sys-
tem, and means to substantially prevent
the reaction of any circuit upon the tuning
of any other comprising a substantially con-
stant impedance through which said selec-
tive circuits are interconnected. :

2. In a multiplex carrier system compris-
ing a main transmission line and a plu-
rality of carrier terminal channels, an ar-
rangement for reducing interference from
external sources comprising means for pick-
ing up voltages from said interfering
sources, a plurality of selective circuits for
selecting different interfering components,
means to impress the selected components
upon the carrier system with such ampli-
tude ‘and in such phase relation as to neu-
tralize interfering currents transmitted over
said system, and means for preventing in-
teraction between said selective circuits com-

prising one-way devices included in each
cireuit. to provide a constant impedance at
their point of interconnection.

3. In a multiplex carrier system compris-
ing a main transmission line and a plurality
of carrier terminal channels, interconnected
with said main line through filters for pass-
ing into each channel the band of frequen-
cies assigned thereto, an arrangement for
reducing interference from external sources

comprising means for picking up voltages 7

from said interfering sources, a plurality of
selective circuits for selecting different in-
terfering components, means to impress the
selected components upon the carrier sys-
tem with such amplitude and in such phase
relation as to neutralize interfering currents
transmitted over said system, and means for
preventing interaction between said circuits
comprising one-way devices connected to the
input sides of said cireuit and their output
sides being connected to the individual
channels beyond the filters so that the in-
terconnection between the output sides of
two selective circuits will include at least
two filters passing different bands.

4. In a multiplex carrier system compris-
ing a main transmission line and a plurality
of carrier terminal channels interconneeted
with said main line through filters for pass-
ing into each channel the band of frequencies
assigned thereto, an arrangement for reduc-
ing interference from external sources com-
prising means for picking up voltages from
sald interfering sources, a plurality of selec-
tive circuits for selecting different inter-
fering components, certain of which com-
ponents fall within the range assigned to
one terminal channel, the others of which
fall within the ranges assigned to other ter-
minal channels, means to interconnect the
selective circults corresponding to interfer-
ing frequencies of one channel and associate
sald circuits with said channel at a point
beyond the filter therein so that groups of
selective circuits connected to one channel
will be connected to groups of selective cir-
cuits connected to another channel through
two filters, having different transmission
ranges, one-way devices included in each of
the selective circuits connected to a given
channel between said circuits and their point
of interconnection, and a one-way device
on the input side of each selective circuit.

In testimony whereof I have signed my
name to this specification this 7th day of
May 1924, ‘

HERMAN A. AFFEL.
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