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This invention relates to carrier wave 
signaling systems and more particularly to 
terminal arrangements for associating the 
sending and receiving branches of a two 
way carrier wave signaling circuit with each 
other and with a common transmitting line 
or medium. 
The expression “carrier wave system” is 

used here and throughout the specification 
and claims to define broadly a system in the 
operation of which signal variations are 
transmitted as modulations of a single fre 
quency wave. The resultant modulated 
wave may be transmitted as an electric cur 
rent by a method that may here be de 
nominated “line-wire carrier wave' signal 
ing, or etheric space instead of a current 
conducting means can be used as the trans 
mitting medium as in “radio carrier wave” 
signaling. Although this invention may 
perhaps be most usefully employed in a line 
wire carrier wave system, the principles 
thereof are applicable generally to carrier 
wave systems of either type. Also a two 
way circuit, that is, the minimum pre 
requisite for conversation, will be assumed 
as the practical signaling unit, the terms 
“single' and “multiple” or “multiplex” be 
ing used to indicate one or more than one 
of such units. 
One object of the invention is to provide 

circuits for a single channel carrier wave 
signaling system which combines relatively, 
great efficiency, simplicity and low cost with 
adequate protection against the various 
types of interference which are incidental to 
the operation of such systems. 
In the past, it has been recognized that 

certain economies could be effected by the 
use of multiple channel carrier wave signal 
ing systems, especially of the line-wire type, 
as compared with single channel systems. 
That is, the use of a single channel system 
has been found to require the use of circuits 
and apparatus that could be used in common 
for a plurality of such single channel sys 
tems, so that considerations of economy 
have urged the use of a plurality of such 
single channel systems, combined into a uni 
tary multiple channel system. The prac 
tical result has been that the installation of 
carrier wave systems has had to be post 
poned to the time when the installation of 
a multiple channel system could be justified. 

A further object of the invention is to 
make the economy and other advantages of 
carrier wave signaling systems realizable in 
Smaller units than has heretofore been pos 
sible, and specifically to provide a single 
channel carrier wave signaling system in 
which the efficiency of operation, first cost, 
simplicity, etc. approximates that of an 
equivalent single channel circuit comprised 
within a multiple channel carrier wave 
system. - 

One way to promote economy in the use of 
material and at the same time promote 
economy of utilized energy in the single 
channel carrier wave system is to transmit a 
pure modulated wave in each direction, use 
the same carrier frequency for both direc 
tions of transmission, and use a single local 
carrier source at each terminus to supply 
these carrier waves for transmission and re 
ception. These features are adopted in the 
system of the present invention in which, 
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however, even further economies in use of . 
material are effected by using this source 
also as a modulator and as a demodulator. 
In order that the carrier frequency may be 
suppressed, a balanced arrangement is used. 
The arrangement accordingly is a self 
oscillatory balanced-modulator-demodulator. 
Three-electrode electric discharge tubes are 
used, only two such tubes being required at 
each terminus. 
In order to avoid the hazard of inter 

ference between the transmitting and receiv 
ing functions, which is incurred by reason of 
the superposition of portions of the corre 
sponding circuits, these two circuits are 
made effectively independent by the follow 
rangement is used for modulation, the modu 
lating wave is impressed differentially on 
the control electrodes and the modulated 
wave is similarly derived differentially from 
the anodes, the common portions of the con 
trol electrode-cathode and anode-cathode 
circuit being correspondingly used when the 
arrangement is being used for demodulation. 

Features that tend further to simplify the 
circuits and accordingly to reduce the cost, 
are the use of the feed-back circuit employed 
in the generation of oscillations in common 
for that purpose and for transmitting the 
demodulated low frequency wave, and the 
use of a common transformer for impressing 

ing expedient. When the balanced tube ar 
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the incoming side band currents and the fed 
back carrier current on the input circuits of 
the tubes. 
The invention both as to its principles and 

its practical embodiment will be better 
understood by reference to the following 
detailed description taken with the accom 
panying drawings in which; 

Fig. 1 illustrates a complete single chan 
nel system of the invention, and 

Fig. 2 illustrates in detail an alternative 
form of circuit that may be used at either 
terminus of the system. 
In the description which follows the ele 

ments of the system will be identified as far 
as practically possible by literal designa 
tions which are suggestive of their respec 
tive functions or the termini at which they 
are located Elements which are duplicates 
of each other and located at the same ter 
minus, so as to require the use of the same 
literal designation, will be differentiated by 
the use of different subscripts. 

Referring to Fig. 1 the circuits at the left 
of this figure are related to one terminus 
designated for convenience as the west, of a 
single channel carrier wave system, and the 
circuits at the right of the figure are corre 
spondingly related to the other, the east, 
terminus of the system. The circuits at the 
respective termini are each connected to the 
transmission path 1, which is here illustrated 
as an electric current conductor but which 
might equally well comprise transmitting 
and receiving antennae and an intermediate 
ether link. The system is composited for 
simultaneous low frequency and carrier 
wave communication. This is accomplished 
by carrier composite sets, the set at the west 
ern terminus comprising the low frequency 
filter LFW and the high frequency carrier 
filter HFW, and the set at the east terminus 
correspondingly comprising the low pass fil 
ter LFE and the high frequency filter HFE. 
The low pass filters are positioned in the 
telegraph or telephone branch, and the high 
pass filters in the carrier wave branch, of 
the transmission line. These filters accord 
ingly effectively separate the currents corre 
sponding to the frequencies used in these 
respective types of transmission. Obvi 
ously, the system could be used for car 
rier wave transmission only, in which case 
these filters could be dispensed with. 
One complete channel system is disclosed. 

This channel comprises the following ele 
ments which may function in like sequence 
in a two-way conversation initiated at the 
western terminus; low frequency line 2, 
oscillator-modulator-demodulator, OMDW, 
transmission high pass or band pass filter 
TFW, the high pass or band pass filter 
HFW of the composite set common trans 
mission line 1, the high pass or band pass 
filter HFE, of the composite set at the east 
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terminus, the receiving high pass or band 
pass filter RIFE, the oscillator-modulator 
demodulator OMDE, and the low frequency 
line 3. 
The operation of this channel for eastward 

transmission is as follows: The low fre 
quency modulating currents in line 2, which 
for example may be connected to a central 
telephone office, are intermodulated with a 
carrier current in circuit OMDW which, as 
will appear more fully later, embodies a 
unitary self-oscillating balanced-modulator 
demodulator. Only one of the two side 
bands, for example the upper, is transmitted 
from the western station. This side band 
is transmitted through filters TFW and 
HFW to line 1 and thence to the east ter 
minus where it is transmitted through filters 
HFE and RFE to circuit OMDE, where it 
is demodulated to reproduce the modulating 
Wave, which is transmitted to indicating cir 
cuits, not shown, by low frequency line 3. 

For the opposite direction of transmission, 
a similar sequence of operations occurs 
whereby modulating currents in circuit 3 
are operated upon by a similar sequence of 
steps to reproduce this modulating wave in 
circuit 2. Accordingly the circuit OMDE 
for this direction functions as a modulator 
instead of as a demodulator and correspond 
ingly circuit OMDW functions as a demodu 
lator instead of as a modulator. Further, 
for this direction of transmission, the lower 
instead of the upper side band is trans 
mitted. Since the modulation is attended 
by the suppression of the unmodulated car 
rier, filters TFW and TFE need to be ad 
justed only to discriminate between the side 
bands. Filters RFW and RFE are not con 
cerned in this operation. These filters how 
ever, are almost universally used in systems 
of this general type, their use being iustified 
on account of their contribution to the ease 
of impedance matching in various parts of 
the system, which matching is necessary for 
the most efficient transfer of energy between 
sections of the circuit having different im 
pedances. In view of the use of a pair of 
filters such as TFW and RFW, at each ter 
minus, the composite filters HFW and HFF 
are not essential for separating the fre 
quencies used in carrier wave signaling from 
those used in low frequency signaling. 
They, however, like filters RFW and RFE. 
are almost universally used, their use being 
justified by reasons similar to those applied 
above to filters RFW and RFE. 

Selection, rather than balance, at the junc 
tions of the transmission line and the cir 
cuits at the two termini are relied upon to 
prevent interference at these points between 
the transmitting and receiving circuits. 
This is made possible, in spite of the use 
of the same carrier frequency, by the use 
of different side bands for opposite direc 
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tions. The system of the invention is thus 
seen to possess the advantages of the stag 
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gered carrier frequency system in which car 
rier frequencies used for transmitting in one direction are intermediate those used in the 
other direction, but the invention makes 
possible a smaller frequency interval be 
tween transmissions than would be required 
in such a staggered frequency system. The 
principle utilized in the invention may be 
termed staggering of the signaling currents. 
Although advantages inhere in this type 

of staggered arrangement, when carrier sup 
pression is used, on account of the expedient 
thereby made possible of using a single local 
source to supply the carrier frequencies, for 
both directions of transmission, the novel 
features of this invention relate particularly 
to an arrangement of circuits whereby this 
local source is also used as a modulator and 

The detailed circuit ar 
rangements which make this possible will 
now be described. It will be understood 
that in Fig. 1, the circuits are identical at 
the two termini except only for the differ 
ences in transmission ranges of certain of 
the filters resulting from the staggered side 
band operation. Accordingly although the 
detailed description will refer specifically 
to the circuits of the west terminus, the 
elements of wich will be correspondingly 
labeled in the drawing, it will be understood 
to apply equally to both termini. 

: The common translating circuit used in 
combination as an oscillator, modulator and 
demodulator, comprises a balanced electric 
discharge tube circuit including the two elec 
tric discharge tubes 4 and 5 which may be 
of the usual three-electrode type including 
a cathode, an anode and a control electrode 
or grid. The cathodes of these tubes are 
connected together and by means of circuit 
32, to the mid-point of the circuit consti 
tuted by the secondary windings of the in 
put transformer 6, blocking condensers , 
and the secondary winding 8 of transformer 
9, the last mentioned transformer, as will be 
explained later, being used for impressing 
the incoming side band and the fed-back 
carrier wave on the grids of the two tubes. 
The grids of the tubes are connected to the 
respective opposite terminals of this circuit. 
The grids are biased by battery 10. The 

grid biasing circuit for the tube 4 can be 
5 traced from the grid, through one of the 

secondary windings 8 of transformer 9, 
through the upper portion of the secondary 
winding of transformer 6 and through high 
frequency choke coil 11, to the negative end 
of the battery 10, and thence to the cathodes. 
The grid biasing circuit for tube 5 can be 
similarly traced from its grid through the 
other secondary winding of transformer 9, 
through the lower secondary winding of 
transformer 6, through high frequency 

choke coil 12, to a point in the battery 10 
intermediate its ends, and thence to the 
cathodes. Different grid biasing potentials 
from battery 10 are used in the cases of 
the two grids for the reason that the cathode 
energizing battery 13 is so positioned rela 
tively to the two grids and to the positive 
end of the battery 10 that the cathode of 
tube 5, on an average, is more negative with 
respect to the positive terminus of battery 
10 than the grid of tube 4. This requires 
in a known instance, in order that the grids 
may be equally negative as compared with 
their respective cathodes, that one less cell 
of battery 10 be used for biasing the grid 
of tube 5than for biasing the grid of tube 4. 
The use of choke coils 11 and 12, the 

blocking condensers 7 and the use of a sep 
arate connection 32 directly from the cath 
odes to the secondary circuit of transformer 

tion of the grid biasing circuits and the 
circuits used for impressing variable po 
tentials on the grids from the primary of 
the transformer 6. 
The cathodes are also connected, through 

space current source 14, high frequency 
choke coil 15, primary winding 16 of trans 
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former 17 and the two halves 18 and 19 of 
the primary winding of transformer 20, to 
the anodes of the two tubes. 
provide a path for the space current for the 
tWotubes and also, by means of the primary winding 16 make provision for transmitting 
alternating current from the common por 
tion of the anode-cathode circuits. These 
alternating currents comprise, among others, 
the carrier current and the demodulated low 
frequency current. The former is fed back 
to the input circuits of the tubes, through 
transmission circuit 21, oscillator filter FOW 
and transformer 9, to constitute the arrange 
ment a balanced oscillator. The frequency 
of the oscillations are determined by the 
transmission frequency of the filter FOW 
in accordance with a principle described in 
detail in U. S. patent to Nichols 1442,781 
granted January 16, 1923. The demodulated 
current is transmitted through circuit 21, 
including low pass filter L, FW, to circuit 2. 
Condenser 22 in shunt to the battery 14 and high frequency choke coil 15 provides a 
by-pass circuit around the space current 
Source for the alternating current, the choke 
coil 15 further preventing the flow of this 
current through this source. 
The secondary windings of transformer 

6 are Wound in the same direction with re 
Spect to a reference point outside of and in 
the same line with said secondaries. The 
two portions 18 and 19 of the primary wind 
ing of transformer 20, the two portions of 
the secondary of this transformer, and the 
two portions of the primary of transformer 
6 are similarly wound. 

These circuits 
95 

100 

105 

10 

5 

120 

30 



() 

30 

40 

50 

55 

60 

35 

grids. 

És 

A circuit 23 provides a path whereby in 
coming modulated side band is impressed on 
the balanced tube arrangement. These in 
coming currents flow from transmission line 
1 through filters HFW and RFW, the trans 
mission line 23, and the transformer 9 
whereby they are impressed by means of 
secondary windings 8 on the grids of the 
two tubes. 
The circuit for impressing these incoming 

currents on the grids and the circuit for 
correspondingly impressing the fed-back car 
rier current on the grids are related through 
the hybrid coil arrangement comprising 
windings 24 and 25 and the balancing net 
work NW in such manner that the currents 
in either one of these circuits cannot be im 
pressed on the other circuit. The arrange 
ment is similar to the alternative form of 
hybrid coil arrangement conventionally 
used, for example, in two-way repeaters. 
The principle of operation and the ultimate 
function of the arrangements is the same in 
the two forms. 
Although separate secondary windings 8 

are used for impressing currents on the grid 
circuits, these windings are so arranged that 
the result is similar to that using the more 
conventional arrangement in which the cur 
rents are impressed on the common grid 
cathode lead for the two tubes. The specific 
arrangement disclosed is described in detail 
and claimed in U. S. patent of Coram 
1,568,963 granted January 12, 1926. In brief, 
this arrangement is used to insure that the 
full force of the voltages is applied to the 

By the alternative arrangement, a 
portion of the currents are shunted to 
ground (since the cathodes are grounded) 
by reason of the capacity to ground of the 
low frequency modulating circuit and of 
the capacity to ground of the secondary 
windings of the transformer whereby these 
modulating currents are impressed on the 
grids. This results in a decrease in the po 
tential actually impressed. The arrange 
ment disclosed accordingly makes possible 
the same ultimate result with a smaller 
amount of high frequency impressed energy. 

Besides the common use of the same trans 
lating devices for the oscillator, modulator 
and demodulator functions, Fig. 1 also illus 
trates the other remaining two features 
briefly described in the statement of the 
invention by which certain economies in cir 
cuits and apparatus are effected. These fea 
tures comprise the use of circuit 21 in com 
mon for transmitting the demodulated low 
frequency wave and for feeding back the 
carrier wave, and the use of the single trans 
former 9 for impressing the incoming cur 
rents and the fed-back current on the bal 
anced devices. 

It is a characteristic of a properly bal 
anced circuit of the type illustrated in Fig 
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ure i that the output coils constituted by 
the primary windings 18 and 19 of trans 
former 20 and the input coils constituted 
by the secondary windings of transformer 
6 are balanced as to voltages applied in like 
phase on the two grids. Consequently, the 
circuits connected to the secondary of trans 
former 20 and to the primary of transformer 
6 are balanced as to these voltages. How 
ever, these voltages impressed in like phase 
on the grids are repeated in amplified form 
into the two anode branches which includes 
the common portion comprising the feed 
back circuit. By adjusting the transmission 
range and number of sections of the filter 
FOW so as to feed back in proper phase 
a component corresponding to the desired 
carrier frequency, the balanced tube ar 
rangement may be caused to oscillate inde 
pendently at this frequency. Since the path 
which the oscillations follow is, as above 
stated, neutral with respect to the input and 
Output circuits connected to transformers 6 
and 20, the waves locally generated are con 
fined to the balanced tube arrangement and 
are therefore prevented from passing into 
either of these circuits. 
The operation of the arrangement as a 

modulator and demodulator will be clear 
from the following description of the path 
taken by the currents in the course of trans 
mission and reception. 
The modulating currents from low fre 

quency circuit 2 are impressed on the pri 
mary winding of transformer 6 and, on ac 
count of the connection of the secondary 
windings to the grids, cause the potentials 
of the grids of tubes 4 and 5 to vary in 
opposite directions to produce correspond 
ing impedance variations in the anode 
cathode paths of these tubes. In this man 
ner, the normally balanced arrangement is 
unbalanced to an extent dependent on the 
amplitude of the impressed low frequency 
variations and the modulating currents are 
accordingly transmitted to the output cir 
cuit connected to transformer 20 as varia 
tions in the amplitude of the high frequency 
current produced by the balanced tube ar 
rangement by virtue of its oscillatory func 
tion, which frequently currents are ordi 
narily balanced so as not to appear in the 
output circuit. 
The incoming side band currents which 

pass through the filters HFW and RFW 
are impressed through circuit 23 and trans 
former 9 in like phase on the two grids. 
These side band currents are combined with 
the carrier current in the same manner as if 
such carrier currents were independently 
impressed in like manner on the grids. The 
balanced arrangement, when used for de 
modulation, accordingly functions merely as 
a parallel arrangement of two conventional 
amplifier-modulating circuits. Although the 
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individual portions of the output circuits are similar to those of Fig. 1, are similarly 
of the two tubes are balanced with respect labeled. 
to any electrical variations impressed in like 
phase on the grids, the common portions of 
the output circuits are not similarly bal 
anced, therefore combination frequency com 
ponents resulting from interaction of the 
carrier and side band currents appear in this 
common portion which includes primary 
winding 16. By reason of the fact, and to 
the extent that, the individual portions of 
the output circuit are balanced with respect 
to the common portion, the combination cul 
rents impressed on this common portion are 
superposed in additive relation in this wind 
ing. Filter LFW suppressed all of these 
combination components except the desired 
reproduced modulating wave and transmits 
this component to circuit 2. 
Outgoing modulating currents which flow 

through filter LFW are not transmitted to 
the circuits connected to the secondary of 
transformer 20 on account of the balanced 
relation of the output circuits of the tubes. 
For the same reason, and also by reason of 
the unilateral conducting properties of the 
tubes, these currents are prevented from ap 
pearing in the input circuits of the tubes to 
set up a singing condition of the circuits 
related to the tubes. 
In considering the operation of the ar 

rangement for modulation and demodula 
tion, it should be noted that when a balanced 
tube arrangement is used for modulation, 
the modulating wave is impressed differen 
tially on the grids and the resultant modu 
lated wave is derived differentially from the 
anodes, while, when the same tubes are used 
for demodulation, the incoming side band 
currents are impressed in the same phase on 
the grids and the resultant reproduced mod 
ulating current is derived from a circuit 
which is balanced with respect to the two 
anodes. This means that the balancing ar 
rangement which insures carrier suppression during the modulating operation is also uti 
lized to insure that the input and output 
circuits are balanced with respect to the in 
coming side band currents so that these cur 
rents cannot flow in the low frequency cir 
cuit 2 or be transmitted without demodula 
tion to the output circuit connected to the 
secondary and transformer 20. Accordingly, 
although a common means is used for the 
modulating and demodulating functions, 
the circuits as a whole which are used for 
these respective functions are effectively dis 
tinct and individual. 
The circuits of Fig.2 may be substituted 

for the circuits at either of the termini of 
the system of Fig. 1. They differ only in 
certain specific details from the one above 
described with reference to Fig. 1. The fol 
lowing description will be confined to these 
differences. The remaining elements which 

In the system of Fig. 2, the feedback cur 
rent flows from the cathodes through tuned 
circuit 27, through the end impedance of 
low pass filter LFW and conductor 28 to 
the junction of windings 18 and 19 of the 
primary transformer 20 and thence to the 
two anodes. Transformer 29 couples this cir 
cuit to the common portion of the grid-cath 
ode circuits of the tubes. This transformer 
is individual to this feed-back circuit, a 
separate transformer 30 being used for im 
pressing the incoming side band current on 
the grids. The balanced tube arrangement 
oscillates by virtue of the feedback function 
at the natural frequency of the tuned circuit 
27. Accordingly, the operation of the tubes 
as an oscillator simulates that of the con 
ventional tuned output oscillator. This sys 
tem has the feature, common to it and to the 
system of Fig. 1, of utilizing a common cir 
cuit in part for providing the feedback and 
for transmitting the demodulated low fre 
quency wave, but it does not have the fea 
ture, which is comprised in the system of 
Fig. 1, of using a common transformer for 
impressing the fed-back and incoming side 
band currents on the tubes or the means, also 
comprised in the system of Fig. 1 for im 
pressing these currents directly on the grids. 
Impedance device 31 in circuit 23 is a pad 

ding element. Its use may be dispensed with 
on occasion. It is useful where it is desired 
to vary the attenuation of currents flowing 100 
therethrough without affecting the imped 
ance of the circuit in which it is contained. 
For a typical example of the use of such 
padding elements, reference is made to 
United States patent to Wilbur 1498,941 105 
granted June 24, 1924, in which see elements 
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107 to 110 of Fig. 1. For a theoretical ex 
planation of the function of such a device 
and particularly of the type in which the 
attenuation can be made variable, see United 10 
States patent to Wennes 1,472,507 granted 
October 30, 1923. 
In the circuit of Fig. 2 reliance must be 

had on the selective properties of filter RFW 
and tuned circuit 27 to prevent interference 
between the carrier current and the incom 
ing modulated currents, whereas in the sys 
tem of Fig. 1, additional safeguards are pro 
vided by reason of the balanced relation of 
the circuits associated with the hybrid coil '0 
arrangement. It has been found however, r 
that this system of Fig. 2, although perhaps 
less efficient in this respect than that of Fig. 1, is completely operative and substantially 
as efficient as arrangements conventionally 
used in single channel systems. .. 

Several filters have been diagrammatically 
shown in the drawing. The details of these 
filters have not been illustrated because their . . 
design and principles of operation are so 80 
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well known to those skilled in the art. How 
ever, if more detail as to these filters is re 
quired it may be obtained by reading U.S. 
patent to Campbell 1,227,113 granted May 
22, 1917 which contains a description of 
various types of filters adaptable to use in 
the systems of this invention. 
While the invention has been illustrated as 

embodied in a limited number of forms, it 
will be understood that it is equally applica 
ble to other forms and to variations in the 
details of the form illustrated, without de 
parting from the spirit of the invention as 
defined in the appended claims. 
In the claims, a pure modulated wave is 

a modulated wave which contains no unmod 
ulated component. It may consist of one or 
both side bands. Also in the claims, the ref 
erence to a single side band wave is intended 
to define a wave which has only one instead 
of both side bands without regard to whether 
or not there may be unmodulated carrier 
current. 
What is claimed is: 
1. In a two-way carrier wave signaling 

system, a station comprising means for gen 
erating a carrier wave, means for generating 
a modulating wave, means for modulating 
said carrier wave in accordance with said 
modulating wave, means for selecting from 
the output wave of the modulator compo 
nents including a single side band and for 
transmitting said components, and means 
for demodulating an incoming side band 
having the same carrier frequency, but of 
opposite sign to the transmitted side band, 
said carrier current generating, modulat 
corimon electric discharge structure. 

2. A station of a two-way carrier signal 
ing system comprising means for generating 
a modulating wave, means for generating a 
carrier wave, modulating means utilizing 
said waves for generating a pure modulated 
wave, means for selecting and transmitting 
one side band from said pure modulated 
wave, and demodulating means utilizing the 
wave from said carrier source and an incom 
ing side band which is based on the same carrier frequency but is of opposite sign as 
compared with the transmitted side band, 
for reproducing a signal wave, said carrier 
wave generating means, said modulating 
means, and said demodulating means em 
ploying a common electric discharge struc-. 
ture. 

3. A station of a two-way carrier wave 
signaling system comprising a common 
means for generating a carrier modulated 
wave consisting of side bands of frequencies 
p--g and p-g, in which p and g repre 
sent respectively the carrier and modulat 
ing frequencies and for demodulating in 
coming carrier modulated waves having fre 

and demodulating means employing a 
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quencies corresponding to one of said side 
bands, said common means comprising a 
pair of electric discharge devices, each hav 
ing an input and an output circuit, a feed 
back circuit from the output circuits collec 
tively to the input circuits collectively, an 
independent circuit for impressing modu 
lating currents on the input circuits, and an 
independent circuit for deriving resultant 
carrier modulated currents; said input, out 
put and feed-back circuits being so related 
to each other and to said independent cir 
cuits that when no modulating current is 
being impressed no current flows in said in 
dependent circuits. 

4. In a high frequency signaling system, 
a pair of electric discharge translating de 
vices, each having an input circuit and an 
output circuit, a feed-back circuit from the 
output circuits collectively to the input cir 
cuits collectively and containing a filter net 
work whose transmission range includes the 
desired generated frequency and a number of 
sections such that said desired frequency is 
fed back in the necessary phase relation to 
insure the setting up of stable oscillations at 
that frequency in the system, an independent 
circuit for impressing electrical variations 
on the input circuits, and an independent 
circuit for deriving electrical variations from 
the output circuits, said input, output and 
feed-back circuits being so related to each 
other and to said two independent circuits 
that when no variations are impressed on 
the first-mentioned independent circuit, no 
current can flow in the second-mentioned in 
dependent circuit. 

5. The combination specified in claim 4 in 
cluding a source of modulating current in 
the first-mentioned independent circuit, 

6. A combined balanced self-oscillatory 
modulator-demodulator comprising in com 
bination a pair of electric discharge translat 
ing devices each having a cathode, an anode 
and a controlling electrode, a circuit con 
necting the cathode and controlling electrode 
of each device, a circuit associating the 
cathode-anode circuits including a common 
portion and a portion individual to each 
anode, the impedance constants of said de 
vices and of said connecting and associating 
circuits being such that the pair of control 
ling electrodes and the pair of anodes are 
each balanced with respect to currents im 
pressed in like phase on the two controlling. 
electrodes, a feed-back circuit containing 
frequency determining elements connecting 
said common portion of the cathode-anode 
circuits and said connecting circuits in 
energy-flow relation and so arranged as to 
impress feed-back current in like phase on 
said controlling electrodes, means for im 
pressing modulating current in opposite 
phase on said controlling electrodes, means 

70 

75 

80 

90 

95 

00 

05 

O 

15 

20 



i,630,339 

for deriving modulated currents from the 
individual portions of the cathode-anode cir 
cuits, means for impressing incoming modu 
lated currents in like phase on the controlling 

5 electrodes, and means for deriving demodul 
lated low frequency currents from the com 
mon portion of the cathode-anode circuits. 

7. The combination specified in claim 6 
including balance means for impressing the 
feed-back current and the incoming modu 
lated current in like phase on the controlling 
electrodes, whereby neither of these currents 
can flow in the circuit of the other. 

8. The combination specified in claim 6 in 
which the connecting circuits each contains 
a coupling coil adjacent the respective con 

0 

trolling electrodes for impressing the feed 
back and incoming modulated currents on 
the controlling electrodes. 

9. The combination specified in claim 6 in 
which the connecting circuits each contains 
a coupling coil adjacent the respective con 
trolling electrodes and in which there is a 
hybrid coil circuit with balancing network 
for impressing the feed-back current and the 
incoming modulated current in balanced re 
lation on said coupling coils. 

10. The combination specified in claim 6 
including an inductive coupling means be 
tween the feed-back circuit and said common 
portion, and in which the means for deriving 
demodulated low frequency currents from 
said common portion utilizes a portion of 
said feed-back circuit including said induc 
tive coupling means. 

11. The combination specified in claim 6 
in which the connecting circuits each con 
tains a coupling coil adjacent the respective 
controlling electrode, in which there is a 
hybrid coil circuit with balancing network 
for impressing the feed-back current and 
the incoming modulated current in balanced 
relation on said coupling coils, in which there 
is an inductive coupling means between the 

45 feed-back circuit and said common portion, 
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and in which the means for deriving de 
modulated low frequency current from said 
common portion utilizes a portion of said 
feed-back circuit including said inductive 
coupling means. 

12. A combined balanced oscillator-modu 
lator-demodulator comprising in combina 
tion a pair of electric discharge translating 
devices each having a cathode, an anode, and 
a controlling electrode, circuits associating 
the cathode and controlling electrodes in 
cluding a common portion and a portion in 
dividual to each controlling electrode, cir 
cuits associating the cathodes and anodes 
including a common portion and a portion 
individual to each anode, the impedance con 
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stants of the devices and of the two associat 
ing means being such that the controlling 
electrodes and the anodes are each balanced 
with respect to currents impressed on the 
common cathode-controlling electrode por 
tion, a feed-back circuit containing frequency 
determining elements connecting said coms 
mon portions in energy-flow relation, means 
for impressing modulating current in oppo 
site phase on the individual cathode-control 
ling electrode portions, means for deriving 
modulated current from the individual por 
tions of the cathode-anode circuits, means for impressing incoming modulated currents 
on the common cathode-controlling electrode 
portion, and a circuit for deriving demodu 
lated low frequency currents from the com 
mon portion of the cathode-anode circuits. 

13. The combination specified in claim 12 
in which the feed-back circuit includes at 
least a portion of the circuit for deriving 
low frequency current, said feed-back circuit 
and said portion of the deriving circuit being 
included serially in the common portion of 
the cathode-anode circuits. 
In witness whereof, I hereunto subscribe 

my name this 9th day of December, A. D., 
1924. 

HAROLD S. BACK. 


