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This invention, relates to certain improve 
ments in separating desired from undesired 
electric currents, and particularly in radio or 
line telegraphy and telephony and electrical 

5 picture reproduction, in which the desired 
currents after partial separation from the un 
desired are utilized to cause a still further 
separation of the desired from the undesired 
currents by a process which may be called 

10 “degeneration'. 
An object of my invention is to provide 

means for increasing the “fatigue’ effect in 
a circuit such as described in the parent spec 
ification hereinafter referred to for separa 

15 ting desired from undesired electric currents, 
and to hasten the degenerative process associ 
ated with this fatigue effect. 
Another object is to prevent singing or 

self-disturbance of an amplifier system. 
Other and ancillary objects will herein 

after appear. 
In carrying out my invention I utilize what 

may be called a “fatigue circuit', that is, a 
circuit, for example, in which the source of 

25 current supply is capable of being exhausted 
by repeated or prolonged received impulses 
which cause the current supply to be con 
sumed temporarily, this temporary exhaus 
tion or fatigue being later restored. 
I then enhance this effect by amplification 

and regeneration. 
The general characteristics of such a fa 

tigue circuit are set forth in a patent granted 
to me August 18, 1925, No. 1,550,023. 
While I am aware that the term “fatigue” 

is most commonly used to indicate a physi 
ological condition, it is chosen herein as in 
my original patent as being the term which 
most clearly describes the operation of the 
circuit, and is one of the simplest illustra 
tions of the principle involved. In all cases 
one instrument may be said to be exhausted 
or "tired out' by repeated impulses due to 
the fact that it cannot recuperate fast enough 
is operate for impulses which arrive too rap 
Idly. 
In my original patent the fatiguable in 

strument is a transformer with magnetized 
... moving iron core and is caused to become 

50 inoperative by fatigue of its action, allowing 
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production either in ordinary circuits or in 
- carrier current systems. . . • . . . 

iron cores described in my original patent, 

an opposed transformer of indefatiguable 
type and consequently not subject to fatigue, 
to overbalance the fatiguable transformer 
and produce the signal. The fatigue of the 
action in this case is due to the inability of 55 
the moving core to supply sufficient fresh 
magnetism to allow the transformer to repro 
duce the signal, unless the signal is below a 
pre-determined frequency. . 
By means of my present invention I great-60 

ly enhance this effect, or steepen the “fatigue 
curve' of the apparatus, by a process which 
may be called degeneration, in that it is a 
negative process or process of wearing down 
or breaking down instead of building up the 65 
amplitude of impulses in a circuit. 

Accordingly, I make use of this negative 
principle to produce a positive action, that 
is, I again cause the apparatus by opposing it 
to one with a positive characteristic, such as 70 
the well-known regenerative circuit, to func 
tion in Such a manner that the algebraic sum 
of the two actions will be zero for certain fre 
quencies and have a positive value for fre 
quencies above a pre-determined value." 
This allows the System to separate desired 
from undesired currents when they are but 
slightly different in frequency. 
One of the uses to which such a system may 

be put is the elimination of strays or static 80 
in radio receiving systems or the elimination 
of disturbances in wire systems such as in 
telephony, telegraphy or electrical picture re 

85 

Another use for the system may be found 
in vacuum tube amplifiers to provide a strong 
feed-back for desired currents without self 
oscillation of the system. This prevents 
singing or howling either electrically or 90 
acoustically and enormously increases the 
strength of the desired signal. 
A number of these fatigue circuits may be 

connected in cascade to increase signal strength and to hasten the degenerative proc 
eSS. 
Other uses of the system will be apparent 

to those skilled in the art. 
In place of the transformers with moving O) 
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constant instrument. The other instrument 
is provided with current supply or energizing 

, means adapted to become temporarily ex 
hausted by repeated received impulses, which 
drain the supply and may be referred to as 30 
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currents, and is hastened by the feed-back 

50 

i. 65 
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quency as Will be hereinafter explained. 

I prefer in my present invention to employ 
vacuum tubes, the plate supply of one tube 
being subject to fatigue or temporary ex 
haustion by repeated impulses, with means 
to recuperate during idle periods, while that 
of the other tube is constant. Amore flexible 
and sensitive system is thereby provided. 
In addition, I enhance the fatigue effect 

by a degenerative process increased either 
by a feed-back-system or by means of a suc 
cession of steps or cascade system. 
In carrying out my invention in forms il 

lustrated in the accompanying drawings, I 
provide two amplifying instruments, which 
are connected in opposition each having an 
input and an output circuit. The input cir 
cuit of eachinstrument is fed from a common 
collector or line through current limiters, 

- to prevent, one of the instruments from be 
coming inoperative from currents of high 
amplitude instead of currents of high fre 

One of the instruments is provided with 
a constant current Supply energizing means, 
and may be referred to for clarity as the 

the fatigue instrument. 
: One instrument is adjusted to reproduce 

only currents below a certain frequency, by 
limiting the amount of supply current or 

35 

certain time for the functioning of the in 
strument. The other instrument is adjusted 
to reproduce all frequencies. 

energizing means which it can deliver in a 

"Both instruments, will reproduce currents 
of a frequency below a pre-determined value 
which may be received by the collector or 

: line and as they are in opposition these cur 
rents will be cancelled out. 
A feed-back circuit is provided between 

the output and input circuits. 
When a current is received, having a fre 

quency above the: pre-determined frequency 
which the limited current supply or fatigue 
instrument - can reproduce, this instrument 
becomes gradually inoperative until the cur 
rent supply is exhausted or has fallen to an 

: inoperative value. 
The speed with which this effect takes 

place depends upon the difference in fre 
quency between the desired and undesired 
amplification. 
The desired current is caused to be of a 

higher frequency than the disturbance cur 
rents which it is desired to eliminate. 
The current supply or energizing means 

- of the fatigue instrument is adjusted to sup 
ply just sufficient current to reproduce the 
undersired, currents. 
It follows then, that upon the arrival of 
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desired currents of a higher frequency, the 
fatigue instrument will be drained of its 
current supply and will become inoperative. 
The constant instrument being now with 

out opposition, reproduces all currents and 
transfers them without opposition to the re 
corder. 
The fatigue effect, just described, is fur 

ther enhanced by feeding back the currents 
received by the final circuit to the common in 
put circuits of both instruments. Thus for 
a very slight difference between desired and 
undesired currents, such as would ordinarily 
not completely exhaust the fatigue instru 
ment, the currents present in the recording 
or final output circuit may becaused to be of 
much greater amplitude by amplification 
through regeneration. These amplified cur 
rents in turn, being fed back into the input 
circuits and hence to each instrument cause a 
still greater drain on the fatigue instrument 
current supply at each recurrent cycle of re 
generation, thereby further weakening its 
operation. This weakened operation allows 
current of still greater amplitude to be Sup 
plied without opposition by the constant in 
strument and passed to the recorder. 
This action continues as long as the de 

sired signal is present until a stable condi 
tion of the fatigue instrument is reached, 
with the filter supply greatly weakened. This 
weakened condition of the instrument varies 
directly with the incoming frequency and as 
the weakening of the fatigue instrument al 
lows the constant instrument to operate at: 
full power, it may be said that the output 
energy of the system increases directly as the 
difference between frequencies of desired and 
undesired currents. 

Reference is to be had to the accompany 
ing drawings forming part hereof, wherein 
Fig. 1 is a diagrammatic view of my com 
plete system for separating desired from un 
desired electric currents and may be used to 
eliminate extraneous disturbances or self dis 
turbance of an amplifier system. 

Figs. 2, 3, 4, 5, 6, 7, 8 and 9 are diagrams 
illustrating graphically the method of sepa 
rating desired from undesired currents. 
A receiving circuit is indicated at 1 which 

may be any source of received signals of high 
frequency such as a detector circuit for radio 
from which it is desired to separate desired 
from undesired currents, the latter being of a 
lower frequency than the former. 
Numeral 2 Fig. 1 may be the primary and 

Secondary of a suitable transformer for trans 
ferring the received currents to the system. 
Numerals 3 and 5 are rectifiers with polariz 
ing batteries 4 and 6, arranged to short cir 
cuit any currents having a voltage greater 
than that of the polarizing batteriesin a well 
known manner of vacuum tube current lim 
iters. Numeral 7 shows the output coil of 
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wave rectification system of which the valves 
8 and 9 which may be any suitable rectifiers 
such as thermionic valves, are used to rectify 
both halves of the incoming alternating cur 
rents in the well-known manner of full wave 
rectification. 10 is the output coil of the 
full wave rectifying system which is common 
to the input circuits 11 and 12 of the two 
thermionic amplifiers 15 and 16 respectively. 
13 and 14 are grid biasing batteries of the 
tubes 15 and 16 respectively. 1 is a variable 
source of alternating current preferably ad 
justable from 1,000 to 30,000 cycles and may 
conveniently be a small alternating current 
generator operated by a variable speed motor 
to vary the frequency between the desired 
limits for the lower frequencies or it may be . 
a thermionic valve generator adjustable for 
the higher frequencies. 18 is a suitable recti 
fier for currents from alternator 17 and may 
conveniently be a thermionic valve. Nu 
meral 19 designates a variable condenser for 
storing a certain reserve supply of rectified 
current. 20 and 21 are respectively variable 
resistance and inductance for the purpose of 
retarding the flow of rectified current from 
condenser 19 and smoothing out the ripples 
from the generator. Numeral 22 is a sec 
ond condenser, also variable, which momen 
tarily stores a supply of smooth rectified cur 
rent to act as the “B Battery' plate supply 
of vacuum tube 15 which is herein referred to 
as the fatigue instrument, the entire rectify 
ing system of the plate circuit constituting 
a variable filter “B” supply. Numeral 23 is 
the orthodox “B” battery of vacuum tube 16 
which is known as the constant instrument. 
24 and 25 are respectively the output circuits 
of vacuum tubes 15 and 16 and are coupled 
to a split secondary coil 26 and 27 each half 
being wound differentially which in turn is 
connected to the final recording instrument or 
telephone 32 through a feed-back coil 33. 
The switch 31 serves to transfer the output 
currents to the variable condenser shunted 
relay 30 through the rectifier 28, for operat 
ing the mechanical instrument 29 such 
as a photographic cylinder, when de 
sired. The coil 33 transfers impulses by 
means of the coupling coil 34 through the 
single wave rectifier 35 and a variable 
impedance 36 to another coupling coil 37, 
which coil transfers impulses back to 
the common input circuit of tubes 15 and 16 
by means of coil 38. Instead of feeding back 
through coil 37-38 the coil 37 may be cou 
pled to the input circuit of a complete second 
stage similar to the first in the well-known 
manner of cascade amplification. . . . . 
When used to eliminate strays in radio telegraphy or electrical picture reproduction, 

my system operates in the following manner. 
The preferred signal is a modulated con 

tinuous wave. The reason for this is that 
regardless of the number of stray impulses 

3 

present in the path of the incoming signal, 
there will always be more impulses trans 
ferred to the fatigue instrument when the 
signal is present than when it is not, due to 
the “mushing' or heterodyning of the wave 
frequency of the strays by the continuous 
wave. This “mushing sound or its effect is 

- taken as the desired signal, and accompanies 
the modulated tone. The continuous wave 
transmitted may be modulated at the send 
ing station, as in radio telephony or hetero 
dyned at the receiver in the well-known 
ille. , - 

An adjustment of the current limiter is 
chosen that will just pass the full signal 
strength, by adjustment of the polarizing bat 
teries as is customary in current limiters of 
the type shown. - 
Where radio frequency amplifiers are em 

ployed before the constant and fatigue in 
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85 
struments as in my original disclosure pre 
viously referred to, these radio frequency 
amplifiers automatically act as current lim 
iters in the well-known manner of radio fre 
quency amplifiers, which fail to amplify: 
radio frequency currents above a certain 
point on the plate current curve while ampli 
fying to a high degree currents below this 
point. : 

It is preferred to employ radio frequency. 
amplifiers before the detector but it is not 
essential for the purposes of illustrating the 
operation of the system. 
The grid biasing batteries 13, 14 are ad 

justed to provide a negative bias on the grids 
of the vacuum tubes 15, 16 respectively, and 
are adjusted to reduce the plate current of 
the vacuum tubes 15 and 16 to practically zero. 
The variable frequency supply 17 is ad 

justed to supply just sufficient filter current 
through valve 18 by adjusting the impedance 
and resistance as will maintain sufficient plate 
voltage for the operation of the tube 15 as an 
opposing or balancing tube to tube 16 for the 
average frequency of the strays. The self 
Oscillation period or the self oscillation fre 
quency of the tube 16 is then adjusted to ap 
proximate the stray frequencies. Both tubes 
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act alike for these frequencies and no effect 
is produced in the final output circuit. 
As an example, where the average fre 

quency of strays is 50, the self oscillation of 
the feed-back system is approximately 60, . 
and the signal frequency 240, the frequency 
of the alternator would be adjusted to slight 
ly over 60, say 75, and the impedance of the 
filter supply adjusted to barely balance the 
tube 15 against tube 16. - 

415 

20 

it is, of course, apparent that the greater 
the difference between the self oscillation fre 
quency and the signal frequency, the less ef 
fective the feed-back circuit becomes, due to 
its reluctance to pass currents greatly out 
side its natural frequency. It is for this rea 
son desirous not to raise the signal fre 130 
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is passed to the output circuit. 

quency too high when great regeneration is 
- sought. On the other hand, the greater the 
difference between signal and stray the more 
effective the fatigue circuit becomes so an 
average should be chosen. 
Upon the arrival of the signal current pre 

viously described, both halves of its waves are 
rectified, and employed to oppose the nega 
tive biasing batteries 13, 14 of the grids of 
tubes 15 and 16. Thus, if rectified current 
having the same effective voltage as the bias 
ing or “C” batteries is received, the effect will 
be to remove this negative bias, and cause 
the plate circuit to become conductive with 
the effect of increasing the plate current of 
both tubes. If the rectified current is mo 
mentary such as a stray “click', both tubes 
act alike, and being in opposition no energy 

If, on the 
other hand this rectified current persists, as 
in the case of a desired signal of higher fre 
quency than the undesired, the effect is to 
drain the filter supply of tube 15. 
As these impulses arrive faster than the 

generator 17 can supply sufficient effective 
voltage for the operation of the tube 15, the 
ability of this tube to oppose tube 16 is lost, 
and with every recurrent cycle, its action be 
comes weaker through regeneration, which 
by amplification causes greater conductivity 
of the plate circuit of the fatigue instrument, 
hence more rapid exhaustion of its current 
supply and a hastening of the degenerative 
process, while the tube 16 continues to oper 
ate at full strength. 

It can therefore be seen with only a very 
slight difference in frequency between sig 
nal and stray, if the signal is sufficiently pro 
longed, it is bound to overcome the tube 15 
and register in the final circuit as a desired 
current. 
The fact that the final currents consist of 

mixed frequencies is of no disadvantage be 
cause in telegraphy or picture reproduction 
only the marking and spacing are of impor 
tance, and in radio telephony, the frequency 
within modulating envelope may be raised 
beyond the upper range of audibility by su 
per-heterodyning. 
When employed simply as a balanced am 

plifier system, in conjunction with a radio re 
ceiver, the current limiter may be dispensed 
with or adjusted to pass currents of the high 
est amplitude. The adjustment of the other 
apparatus for eliminating self oscillation be 
ing the same as for eliminating strays. 
The system may be made automatically 

free from self-disturbances such as howling, 
singing, etc., by providing a signal having a 
greater frequency than that produced by the 
self oscillation of the system. 
Where the system is used in radio teleg 

raphy to receive undamped waves, the re 
ceived signal may be made audible by the 

1853,678 

self singing of the system while the signal is 
present. 
When adjusted as described it will be seen 

that an initial impulse imparted to the input 
system which would ordinarily cause the am 
plifier system to howl or sing, may be im 
mediately eliminated by opposition before it 
can be regenerated, by adjusting the current 
supply of the fatigue instrument to supply 
just enough current for it to be able to op 
pose the constant instrument for self oscil 
lation. A received signal of a higher fre 
quency and proper length, will then cause the 
fatigue instrument to become inoperative by 
draining its current supply and wearin 
down its opposition, thereby allowing the 
constant instrument to deliver its full out 
put with regenerative amplification to the 
final or recording circuit. 

It is to be understood that the feed-back: 
system should be sufficiently aperiodic or ad 
justed to feed-back a harmonic or a higher 
frequency than that corresponding to its self 
Oscillation frequency. The system is adjust 
ed to sing or howl only at a frequency deter 
mined by the path of least resistance in its 
circuit, and this path as before stated is ar 
ranged to be responsive to frequency below 
the desired. 
In order to make the difference between the 

frequency of self oscillation currents and the 
incoming currents as great as possible, I 
make provision in the collector or line circuit 
for the full wave or double rectification of 
the incoming currents but make provision for 
single rectification only for regenerative cur 
rents. 
The exhaustion or degeneration of the fil 

ter current supply of the tube 15 is accom 
plished in the following manner. The grid 
being adjusted to pass approximately zero 
plate current, will, upon the arrival of an al 
ternating current impulse, cause an increase 
in plate supply for half the value of this in 
pulse. The other half is not effective, sincé 
it has a tendency to decrease the conductivity 
of the tube. 
By employing full wave rectification in the 

input circuit of both tubes for increasing 
plate current for the reception of desired sig 
nals from the collector, and only half wave 
effective rectification for the regenerative in 
put, it is obvious that the whole wave rectifi 
cation irrespective of frequency will exhaust 
the filter supply circuit of tube 15 more rap 
idly than the half wave rectified regenera 
tive currents due to self oscillation because 
the frequency of the signal or desired current 
is always doubled while the self oscillation . 
or undesired are not. 

It is therefore possible to adjust the tube 
15 to oppose tube 16 for the frequency of 
self oscillation but making it possible to ren 
der tube 15 inoperative by a received current 
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of higher frequency than the natural or self 
oscillation period of the system. 
The transmitter for telephony when my 

apparatus is employed as a receiver is pref 
erably what is known as Carson's transmit 
ter, i.e. one which radiates energy only when 
modulated. 
If now, the frequency of the envelope 

formed by Super-heterodyning is beyond all 
dibility and this frequency in turn is modu 
lated, distorting a single envelope by mixing 
strays and signals within it, as illustrated in 
Figure 9 will not have a disturbing effect on 
the reproduction provided the intervals be 
tween modulation envelopes are silent in ra 
dio telephony and between characters when 
the apparatus is used for telegraphy or elec 
trical picture reproduction. 
The advantage of my improvement is in 

the reduction of time required to exhaust the 
fatigue instrument. 
ratus as described in U. S. Patent No. 
1,550,023, the difference between desired and 
undesired currents is comparatively great as to frequency, and the apparatus is designed 

requencies of that for the separation of 
order. 
In my present invention, the apparatus is 

capable of separating currents having a much 
Smaller difference in frequency, and this is 
made possible by reducing the time necessary 
to exhaust the fatigue instrument and aug 
menting the effect by regeneration. The re 
generation in this instance having the effect 
of degeneration of the fatigue tube action in 
addition to regeneration of amplitude. To 
illustrate more clearly, assuming a slight dif 
ference in frequency to exist between desired 
and undesired currents received in a common 
input circuit by both tubes. 
generation it would take a definite time to 
exhaust the filter supply of the fatigue tube 
15, or if the difference was so slight that it 
could not be exhausted a definite time would 
be required to reduce the Supply to a point 
where it would be able to supply constant 
voltage, this voltage of necessity being lower 
than that of the current supply of tube 16. 
With degenerative amplification, however, 

this time is greatly reduced, because the 
greater the amplitude due to regeneration 
through tube 16 the more rapidly will the 
filter supply of tube 15 be exhausted, and the 
more rapidly this tube is exhausted the great 
er will be the energy available through tube 
16 for further degeneration of tube 15. 
Therefore, while the initial difference be 
tween the two frequencies causes only a 
slight effect requiring a comparatively long 
time to register, and causing a comparatively 
small indication, when the fatigue tube be 
comes constant, it is possible by degenerative 
amplification to accomplish a double effect 
in the final output circuit, namely, increase 
of amplitude and shortening of time limit. 

In my original appa 

Without re 

5 

These effects take place only for the dura 
tion of the predominating highest incoming 
frequency. For this reason, the apparatus 
is very stable for differences in frequency 
which are momentary, such as vagrant im 
pulses, and will not “pick up' a very slight 
difference in frequency and augment it un 
less this difference persists. 
This is very necessary when strays such as 

“grinders' are being eliminated. 
In Figs. 2, 3, 4, 5, 6, 7, 8, and 9 I have 

illustrated graphically the effect of the appa 
ratus described in receiving currents of high 
and low frequency. 

Fig. 2a represents graphically a desired 
current of high frequency after having both 
half waves rectified and amplified by the con 
stant instrument of vacuum tube amplifier 
16. The current limiter being adjusted to 
just pass currents of its amplitude as shown 
by the slight flattening or clipping of the 
tip of each wave peak. 

Fig. 26 represents graphically the same 
signal as rectified limited and amplified by 
the vacuum tube amplifier 15. 

It will be seen that in this case, the wave 
train, instead of being uniform and constant 
as in Fig. 2a, shows a gradual falling off in 
amplitude to Zero after the initial impulse, 
due to the inability of the plate supply of 
tube 15 to recover sufficiently between waves 
to Supply current for the nextincoming wave. 

Fig. 26 illustrates the result of combining 
two wave trains a and b in opposition and 
shows a signal which is Weak at the start and 
gradually becomes stronger until a maximum 
is reached. 

Fig. 2, a, b and c, correspond in effect to 
Fig. 4, a, b and c, of my original patent with 
out regeneration, the chief difference being 
that the effect herein described is produced 
with vacuum valves instead of transformers. 

Fig. 3, d, illustrates the apparatus when 
used with the feed-back circuit shown in 
Fig.1. It will be seen that the initial impulse 
of the wave train is similar to that of Fig. 
2 a, but is followed by an impulse of greater 
amplitude due to amplification by regenera 
tion. Every alternate impulse of the train 
is amplified by this means. In Fig. 3 e, the 
initial impulse, followed by an amplified im 
pulse is all that appears, because the current 
supply of the vacuum tube 15 has become 
rapidly exhausted by the degenerative 
process. 

Fig. 3 f shows the resultant, after opposing 
d and e, and it will be seen that the signal is 
not only of greater amplitude than in Fig.2c, 
but also of greater length, due to the steep 
falling off of the wave trains in e. 

Fig. 49 illustrates a vagrant or strayim 
pulse originating within the amplifying cir 
cuit itself, which ordinarily starts an ampli 
fier system into self oscillation. 

Instead of a continuous series of greatly 
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amplified impulses, such as usually results 
from similar disturbances it will be noted that 
the original impulse is amplified to a maxi 
mum and then degenerates to a minimum 
which may be zero in a very short time. This 
is because both instruments 15 and 16 are so 
adjusted that while 15 will not support the 
amplification of a series of impulses such as 
a, Fig. 2, it will support the amplification of 
a series of impulses which correspond to the 
natural period of the feed-back circuit, hence 
completely balances it by opposition as shown 
ath, the resultant i, being Zero. 
Only alternate impulses appearin the plate 

circuits of instruments 15 and 16 because of 
the single rectification effect of the rectifier 35 
in the feed-back circuit. These are shown 
graphically as half waves for purposes of 
clarity in illustrating but actually they are 
alternations with idle spaces between each 
cycle. The entire Wave trains, 9 and h, Fig. 
4, appearin an envelope as a “click'in a tele 
phone receiver or loud speaker instead of a 
continuous singing or howling, because of the 
rapid stablization of the two amplifiers 15 
and 16 by opposition. 

Fig. 5, i, represents graphically a series of 
stray or vagrant impulses such as static arriv 
ing from without the system and collected by 
the collector or line 1 and passed through the 
various stages as in Fig. 2, and reproduced 
completely by amplifier 16. 

Fig. 5, k, represents the same series as re 
produced by amplifier 15 and also shows the 
wave train completely reproduced as in Fig. 
4, h, and for the same reason, namely that the 
plate current supply of amplifier 15 is ad 
justed to supply sufficient current for unde 
sired or currents below the frequency of the 
desired. Irregular strays are ordinarily of 
such frequencies. 

Fig. 6, m, represents a composite series of 
wave trains, of both desired and undesired 
currents occurring simultaneously and repro 
duced by amplifier 16 and is a composite of 
d, Fig. 3, g, Fig. 4, and i, Fig. 5. It will be 
noted that all frequencies and amplitudes are 
completely reproduced. 

Fig. 6, n, represents the same series as re 
produced by amplifier 15, in opposition to 
amplifier 16 and here the series is incomplete, 
only the initial impulse amplified by regen 
eration being shown, after which the ampli 
fier 15 becomes inoperative and does not re 
cuperate until a break appears in the signal 
wave train. 

Fig. 6, o, represents the resultant after 
combining in opposition, m and n, and con 
sists of a composite of the original series 

It will be noted 
that here again the final Wave train is longer 
and of greater amplitude than when degen 
eration is not employed. 

Fig. 7 represents graphically for compari 
son a set of curves, in which the curve prep 
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resents the output of the system without de 
generative amplification. 

Fig. 8 represents graphically another, set 
of curves in which u represents the output of 
the system with degenerative amplification. 
It will be noted that with degenerative ampli 
fication, Fig. 8, the output curve u, rises much 
more rapidly and reaches a higher maximum. 

In Figs. 7 and 8, p-u, represents the out 
put curves of the system for desired cur 
rents. Q- represent the output curves of 
the system for undesired currents. 

r-20 represent the fatigue curves of am 
plifier 16 or constant instrument, for both 
desired and undesired currents and show. 
that there is no falling off in current with 
time. 

s: a) represents the fatigue curves of am 
plifier 15 or the fatigue instrument previ 
ously referred to for undesired currents with 
and without degenerative amplification re 
spectively for comparison. 
Curves, it will be noted, has a greater 

weakening of falling off of plate current sup 
ply of amplifier 15than curve a, due to the 
rather broad dividing line between desired 
and undesired frequencies where degenera 
tive amplification is not employed. 

Fatigue curves of amplifier 15 or the fa 
tigue instrument for desired currents are rep 
resented at t and y respectively. Here it will. 
be noted, curve y, taken with degenerative. 
amplification is much steeper than curvet, 
which is taken without degenerative ampli 
fication and therefore y shows less opposi 
tion to the constant instrument and conse 
quently a greater final output of the system. 

Fig. 9 represents graphically a resultant 
composite wave train after the elimination of 
desired from undesired currents in radio tele 
phony and consists of a modulated continu: 
ous wave, the carrier wave frequency being 
chosen as a convenient example as 500,000, 
the frequency after heterodyning as 20,000, 
and the modulation frequency as 1,000. Su-. 
perimposed or combined with these frequen 
cies are a series of irregular waves or strays 
such as shown in Fig. 5 i. These irregular 
ly shaped waves when not modulated by 
the transmitter produce the characteristic 
“mushing' sound, which occurs whenever 
strays are heterodyned either by a transmit 
ting continuous wave or by a local source of 
oscillations. 
The fatigue instrument 15 for radio tele 

phony is adjusted to supply just sufficient 
current to reproduce the modulation fre 
quency or 1,000 cycles. It will then become 
inoperative for all but the initial impulses. 
of the heterodyne frequency of 20,000, allow 
ing the constant instrument to reproduce in 
the output circuit, all composite heretodyne 
frequencies but not those which are not het 
erodyned or modulated such as strays. 
The reason for this selection is, due to the , 
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fact that the fatigue instrument has suffi 
cient time to recover between modulation en 
velopes but not between crests of the waves 
Within the individual envelope. 
When modulated by the transmitter, strays 

are divided up into groups or envelopes, 
which, having higher crests and lowertroughs 
than the “mush', are distinguishable as de 
sired signals, even though the “mush” is still a 
part of each envelope as shown in Fig. 9. 
in other words the undesired or stray cur 
rents are eliminated from the troughs of 
modulated waves such as occur in radio té 
lephony, but not from the crests or envelopes, 
As the general shape of the envelope is un 
changed however, in radio telephony, and 
the spaces between them clear, the modula 
tion remains clear. 

In radio telegraphy or electrical picture. 
reproduction the fact that the spaces between 
characters or envelopes remain clear because 
of the elimination by opposition of unde 
sired currents, renders the desired current 
easily distinguishable. - 
A provision preferable with my apparatus 

when used for radio telephony is one for the 
variation of the maximum amplitude of mod 
ulation. In radio telegraphy, where the sig 
nal modulation has a constant maximum, 
the current limiter may be adjusted to elimi 
nate current amplitudes above this maximum, 
but in radio telephony where this maximum 
is constantly varying, it is preferable to pro 
vide two complete sets of apparatus, their 
output circuits connected to operate in con 
junction. . 
The current limiter of one is adjusted to 

stop all amplitudes above the average voice 
amplitude, and the current limiter of the 
other is adjusted to shut out all amplitudes 
above the weakest desired currents that can 
be detected. By variously proportioning the 
combined amplified results of the two sys 
tems, an average may be found which has the 
least distortion. 
The circuits and apparatus for accomplish 

ing this result is shown in my pending appli 
cation “Method of and means for separating 
desired from undesired electric currents.’ 

- filed February 6, 1924, Serial No. 690,947, 
patented May 20, 1930, No. 1758,940. 

I am aware of a system which is known as 
a “push-pull' amplifier system which pro 
vides for the input and output circuits of 
vacuum tubes to be operated in Such manner 
that one causes an increase of current in the 
output circuit while the other causes a de 
crease of current, the effect being arranged 
to operate in conjunction in an output cir 
cuit. The present invention is not to be con 
fused with this system, as both amplifiers 
herein mentioned operate similarly as re 
gards current flow but operate in opposition 
and produce no effect in the output circuit 
unless the fatigue circuit is drained of supply. 

I am also aware that what is known as a 
reverse feed-back is often employed as a 
means of preventing self disturbances in an 
amplifier system, and the present method of 
preventing self oscillation is not to be con 
fused with such a system, because the feed 
back herein is not reverse on negative inop 
eration as regards direction of current flow. 
On the contrary, it is positive, as in the ordi 
nary regenerative circuit, the means for pre 
venting self disturbance or self oscillation 
depending upon the action of the fatigue 
circuit. . 

Having thus described my invention, I 
claim :- 

1. Means for separating desired from un 
desired electric currents, comprising a plu 
rality of instruments having a common input 
circuit to simultaneously receive said cur 
rents, one of said instruments being subject 
to fatigue from currents of high frequency to 
render said instrumentinoperative, the other 
instrument not being subject to fatigue, an 
output circuit for said instruments, means 
for indicating in the output circuit the dif 
ference in current strength in said instru 
ments, and means to repeat the initial process 
by which the difference in current strength 
between the said instruments is obtained to 
cause a greater difference in current strength 
between said desired and undesired currents. 

2. Means for separating desired from un 
desired electric currents comprising a plu 
rality of instruments having a common in 
put circuit to simultaneously receive said 
currents, one of said instruments adapted to 
receive a complete train of electric impulses 
and the other instrument adapted to receive 
an incomplete train of impulses, said instru 
ments being connected in opposition, an out 
put circuit associated with said instruments 
and means associated with said output circuit 
to cause a greater difference between said 
desired and undesired currents, said means 
being adapted for passing said desired cur 
rent through a plurality of stages to cause 
separation by fatigue of desired from unde 
sired currents. 

3. The method of separating desired from 
undesired electric currents consisting in am 
plifying said currents causing a portion of 
one of said currents to be suppressed by fa 
tigue, placing said currents in opposition to 
cancel the initial impulse of the current, caus 
ing the remaining current to further suppress 
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one of said currents by repeating the process 
by which said first portion of one of said cur 
rents was suppressed, and utilizing the re 
maining current. 

4. The method of separating desired from 
undesired electric currents consisting in re 
ceiving and amplifying interrupted currents, 
causing all except the initial impulse of one 
of said amplified interrupted currents to be 
suppressed by fatigue, placing said inter 
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rupted currents in opposition to cancel the 
initial impulse of the currents, causing said 
suppressed impulses to be restored between 
interruptions, utilizing the remaining cur 
rents to cause a further suppression of first 
said suppressed currents by repeating the 
process by which said first currents were 
suppressed, and utilizing the remaining cur 
rents as desired currents. 

5. The method of separating desired from 
undesired electric currents consisting in re 
ceiving and amplifying said currents in the 
form of a complete train of electrical im 
pulses, receiving and amplifying said cur 
rents in the form of an incomplete train of 
electrical impulses, opposing said complete 
and incomplete trains of impulses to cancel 
undesired currents, causing the remaining 
currents to render said incomplete train of 
electrical impulses less complete by repeat 
ing the process by which it was rendered in 
complete, and utilizing the remaining cur 
rents as desired currents. 

6. The method of separating desired from 
undesired electric currents consisting in re 
ceiving and annplifying said currents in the 
form of a complete train of electrical im 
pulses, receiving and amplifying said cur 
rents in the form of an incomplete train 
of electrical impulses by causing certain in 
pulses in the train to be suppressed by fa 
tigue, causing said suppressed impulses to be 
restored after suppression, opposing Said 
complete and incomplete trains of impulses 
to cancel undesired currents, causing the re 
maining currents to render said incomplete 
train of electrical impulses less complete by 
repeating the initial process by which it was 
rendered incomplete and utilizing the re 
maining currents as desired currents. 

7. The method of preventing self-oscilla 
tion of an amplifier system including a plu 
rality of vacuum tubes connected in oppo 
sition, which consists, in opposing the Out 
put currents from each amplifier in causing 
a portion of one of said opposed output cur 
rents to be suppressed by input currents of 
a higher frequency than the natural oscillat 
ing frequency of the amplifier system, and 
in utilizing the remaining currents as the 
amplified currents. 

8. Means for separating desired from un 
desired electric currents comprising a plu 
rality of instruments having a common in 
put circuit to simultaneously receive said 
currents, means for causing one of said in 
struments to be fatigued as to its current 
transmitting properties to different extents 
by currents of different frequencies, means 
for preventing the other of said instruments 
from being influenced by fatigue to the same 
degree as said first named instrument, an 
output circuit for said instruments and 
means associated with said output circuit 
adapted to render one of said instruments 
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still further fatigued by repeating the proc 
ess which caused it to become initially fa 
tigued and means to utilize desired currents 
from said instruments. 

9. Means for separating desired from un 
desired electric currents comprising a plu 
rality of vacuum tubes having a common in 
put circuit to simultaneously receive Said 
currents, means for causing one of said vac 
uum tubes to become fatigued as to its cur 
rent transmitting properties to different ex 
tents by currents of different frequencies, 
means for preventing the other vacuum tube 
from being influenced by fatigue to the same 
degree as said first named vacuum tube, an 
output circuit for said vacuum tubes and 
means in said output circuit to indicate the 
difference in current strength in said vac 
uum tubes. 

10. Means for separating desired from un 
desired currents comprising a plurality of 
vacuum tubes connected in opposition and 
having a common input circuit to simulta 
neously receive said currents, means for 
transmitting through both of said vacuum 
tubes complete trains of impulses of prede 
termined frequencies, means for causing one 
of said vacuum tubes to transmit complete 
trains of impulses of said predetermined fre 
quencies and incomplete trains of impulses 
only of other frequencies, an output circuit 
associated with said vacuum tubes and means 
in the output circuit to utilize current from 
said vacuum tubes. 

11. Means for separating desired from un 
desired electric currents comprising a plu 
rality of vacuum tubes having a common in 
put circuit to simultaneously receive said 
currents, means for causing one of said vac 
uum tubes to become fatigued as to its cur 
rent-transmitting properties to different ex 
tents by currents of different frequencies, 
means for preventing the other of said Vac 
uum tubes to become less influenced by fa 
tigue than the first named vacuum tube by 
the said different frequency currents, an out 
put circuit for said vacuum tubes and means 
associated with said output circuit for ren 
dering one of said vacuum tubes still fur 
ther fatigued by repeating the process which 
caused it to become initially fatigued and 
means to utilize desired currents from said 
vacuum tubes. 

12. The method of preventing excessive 
regeneration between the output and input 
circuits of a thermionic amplifier having a 
control electrode adapted to be biased, which 
consists in asymmetrically feeding back a 
portion of the amplified current in said out 
put circuit to the input circuit of said am 
lifier, and initing the regenerated cur 

rents to a predetermined value by utilizing 
said regenerated currents to control the bias 
of said control electrode. 

13. The method of preventing acoustical 
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regeneration between the output and input 
circuits of a thermionic amplifier having a 
control electrode adapted to be biased, which 
consists in asymmetrically feeding back a 

5 portion of the amplified current in said out 
put circuit to the input circuit of said am 
plifier, in limiting the regenerated currents 
to a predetermined value by utilizing the 
said regenerated currents to control the bias 

10 of said control electrode. 
Signed at New York, in the county of New 

York and State of New York, this 4th day 
of June, A. D. 1926. 5 EDWARD G. GAGE. 
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