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Bayssond K. Wermillion, St. Petersburg, Fla. 

Application August 26, 1944, Serial No. 55,377 
(C. 250-20) 2 Claims. 

1. 
This invention relates to electronic noise elimi 

nating Systems and more specifically to an all 
tomatic System which may be employed to can 
cell a single frequency or a wide band of fre 
quencies, and may be connected to amplifiers to 
cancel noises, such as record Scratches as well 
as line disturbances. 
The novel system cancells undesired frequencies 

and does not simply limit their amplitudes. 
An important object of the invention is to pro 

wide such a system which may be inserted in ex 
isting circuits without any major alteration to 
Such circuits. 
Another important object is to provide a Sys 

tem having a wide application, since it is adapted 
to eliminate undesired noises due to natural Static 
disturbances, transients set up as by arcing con 
tacts in electrical equipment, disturbances duit 
to heterodyning of two radio carriers, those dis 
turbances due to key clicks of radio telegraph 
transmitters, and any and all known interfer 
ences offering a vertical wave front. 
Other objects and advantages of the invention 

will be apparent during the course of the follow 
ing detailed description of the invention, taken 2: 
in connection with the accompanying dra WingS, 
forming a part of this specification, and in which 
drawings: 

Fig. 1 is a diagrammatic showing of the general 
aspect of the System per Se, Separated from the 
structures of conventional receiver and conven tional amplifier. 

Fig. 2 is a diagrammatic showing of the inven 
tion, disclosing control of a plate load amplifier, 
and employing triodes. 

Figs, 3 to 8 illustrate steps in the elimination 
of noise signal impulses by the system of Fig. 2. 

Fig. 9 is a diagrammatic showing of the inven 
tion, illustrating control of a cathode-coupled 
amplifier, enploying triodes. 

Figs. 10 to 14 illustrate steps in the elimina 
tion of noise signal impulses by the system of 
Fig. 9. 

Fig. 15 is a diagrammatic showing of the sys 
ten interposed in a conventional radio apparatus, 
so that its position, with respect to the conven 
tional apparatus, will be clear. 

Fig. 16 is a digrammatic showing of the gen 
eral aspects of the system per se, employing 
pentodes. 

Fig. 17 is a diagrammatic showing, illustrating 
control of a plate load amplifier, employing pen 
todes. - 

In the drawings, wherein for the purpose of 
illustration is shown a preferred embodiment and 
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2 
modifications of the invention, similar reference 
characters are employed to designate corre 
Sponding parts throughout the several views, and 
the letter A. may designate the System as a Whole; 
B, controlled amplifier: C, filter assembly; D, in 
verter amplifier; E, controlling tube; F, con 
Ventional radio receiver-detector; G, a super 
heterodyne receiver including a conventional di 
Ode detector H, while the letter K illustrates 
position of the novel noise eliminator A, inter 
posed between the receiver G and a conventional 
audio frequency amplifier L. 

In Fig. 1, where the system A is illustrated gen 
erally, the output of the receiver detector (not 
shown in Fig. 1) is carried by one branch of con 
ductor 2 in turn to condenser 2 f, grounded re 
sistor 22, and grid 23 of tube 24, while from the 
cathode 25 of tube 24, a conductor 26 extends 
to condenser 2. This assembly provided the au 
dio frequency amplifier B which may be termed 
the controlled stage. 
The other branch of conductor 2) extends, in 

turn, to a condenser 23, grounded inductance 
29, condenser 3 and grounded resistor 31, which 
form a filter C of the high-pass type adapted to 
paSS frequencies above a given frequency, and 
the output of the filter C is connected to the in 
verter amplifier D, as at 32, to grid 33 of a triode 
34, being a regenerative tube, for the purpose of 
phase inversion. The cathode 35 of the tube 
34 is connected to a grounded biasing resistor 36. 
From the anode 3 of triode 34 extends con 

ductor 38 to plate load resistor 39, across which 
the inverted signal is developed, and to a cou 

5 pling combination 40, comprising a condenser 4 
and grounded resistor 42, adapted to feed the 
grid 43 of controlling triode 48. A resistor 45 is 
connected with the cathode 46 of triode 44, as a 
cathode load resistor. Between the cathode 45 
and resistor 45, a lead 4 extends to conductor 26 
which is, as stated, connected with the cathode 
25 of triode 24 and condenser 27. Resistor 45 is 
conneeted, at 48 to a voltage, negative with re 
Spect to the voltage drop across the resistor 45 
minus the bias required for tube 24. 

Briefly, at this point, it should be stated that 
the output of a conventional radio receiver de 
tector (not shown in Fig. 1) is connected to con 
ductor 20. As stated, one branch of this conduc 
tor 2 extends to tube 24. It is this branch that 
is followed by the signal and noise impulses. On 
the positive Swing of the signal and/or noise im 
pulses, tube 24 conducts more, the voltage across 
resistor 45 increases and, since this resistor is 
connected by lead 26 to the cathode 25 of tube 
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24, the cathode voltage of tube 24 becomes more 
positive, thus making the grid 23 negative with 
respect to the cathode 25, but not proportionately 
equally negative with respect thereto. Therefore, 
there will be an increase in plate current and an 
increase in voltage drop across resistor 45, which 
follows the grid signal wave form. In other words, 
the Stage is degenerative. 
The same signal is conducted to the grid 33 of 

tube 34 along the other branch of conductor 29 
and by way of the high-pass filter assembly C of 
Fig. 1, this latter passing frequencies above the 
wanted signal. 
Triode 34, resistors 3, 36 and 39 and condenser 

4 make up a phase inverting stage. On the 
positive swing of the grid 33 of tube 34, there oc 
curs, more heavily, a voltage drop across resistor 
39, in the negative direction, thus inverting the 
Wave form. Of course, this signal is conducted 
to the grid 43 of triode 44 by Way of condenser 4 
and resistor 42. At this time, tube 44 is func 
tioning as a cathode follower, its cathode 46 be 
ing connected with the cathode 25 of tube 24 by 
leads 26 and 47. 
At a given instant, the grid 23 of triode 24 and 

grid 33 of triode 34 are swinging positive, but 
the grid 43 of triode 44 is swinging negative, due 
to the phase-inverting stage of tube 34. 
As may be seen from Fig. 1, resistor 45 is con 

mon to the cathode circuits of tubes 24 and 44, 
so that, when tube 24 conducts more, tube 44 con 
ducts less, due to its negative grid Swing. As a 
result, the drop across resistor 45 is constant and 
cancellation of the noise signal takes place, 
whereby tube 24 is free to follow the Wanted 
signal. 
The anodes 3 of triodes 24 and 44 are substan 

tially alike and are connected together, all by 
leads 38, and 49 and their branches. 
The System may be inserted between the out- : 

put of a radio receiver detector and an amplifier 
and, in Fig. 2, is shown a circuit, including the 
System, applied to a plate-coupled amplifying 
Stage. 
A radio receiver detector is shown diagram 

matically at F with outlet leads 5 and 5. The 
Wanted signal 52 and noise signal 53 are con 
ducted to the grid 23 of tube 24 in the usual man 
ner, with a change in the plate and cathode cur 
rents of triode 24. 
The same signals 52-53 of Fig. 3 are also con 

ducted, by lead to filter assembly C, which may 
be the high-pass type of Fig. 1. Assembly C 
passes only the noise signal 53 (Fig. 4) in the 
same phase as the wanted and noise signals 52-53 5: 
reached grid 23 of tube 24. On positive swing of 
the noise signal 53 voltage, controlling tube 44 
conducts more current and its Cathode 46, be 
comes more positive. Cathodes 25 and 48 are 
connected, as heretofore, by lead 47, so that, as 
the noise signal 53 voltage swings positive in both 
tubes 24 and 44 (as it must, because of the phase 
conditions) both tubes will conduct more current, 
and tube 44, adding its conduction, through the 
common Cathode resistor 45, Will maintain a con 
stant plate current in tube 24, since the increased 
bias equals the amplitude of the noise and tube 
24 is free to amplify the wanted signal 52, be 
cause this signal cannot pass the filter C. 

It is apparent that, on the negative swing of 
the noise signal 53, both tubes 24 and 44 will con 
duct less current. The signal through the filter 
C causes tube 44 to conduct less and the resulting 
bias on the grid 23 of tube 24 decreases in value 
so that the plate current does not change. It 
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4 
should be noted that the electric current-pro 
ducing means 54-55 is bias and plate batteries, 
grounded as at 56, with battery 54 so adjusted as 
to permit tubes 24 and 44 to operate on the linear 
portion of their Eg-Ip curve (class A) in order 
to reproduce the wanted signal 52, and to cancel 
both positive and negative going noise signals 53. 
In Fig. 3 is diagrammatically shown the input 

Wanted and noise signals, in Fig. 4 the input 
(noise signals) to tube 44, in Fig. 5 the resultant 
Cathode wave form, in Fig. 6 the noise signal volt 
age present on the grid 23 of tube 24, in Fig. 7 
the resultant bias on the grid 23, caused by the 
controlling tube 44 and in Fig. 8 the resultant 
plate wave form of the controlled tube. 

Filter C may control only a very narrow band 
(heterodyne interference), it may cancel fre 
quencies lower in frequency than the wanted sig 
nal, or it may be a combination filter (band stop), 
cancelling frequencies both above and below the 
Wanted signal. 
In Fig. 9 are diagrammatically shown cathode 

Coupled amplifiers, together with an inverter am 
plifier, with a signal control therefor. Here the 
Wanted signal 60 and noise signals 6 of Fig. 10 
are led from the receiver F by conductor 50 to the 
grid 23 of controlled tube 24. This tube, having 
no plate load, is connected to the plate battery 62 
by lead 63. In the circuit of cathode 25 of tube 
24 is resistor 45. This resistor 45 forms the cath 
Ode load resistor across which the signals are de 
veloped in the following manner: As the grid 23 
of tube 24 swings positive with the wanted sig 
nal and noise signals 60 and 6, the tube conducts 
more and the cathode 25 becomes more positive, 
following the grid Voltage wave form. 
The noise signal 6 voltage is conducted to the 

grid 33 of inverter tube 34 in the same phase as 
the voltage applied to grid 23 of tube 24. This 
Voltage, on the positive swing, causes tube 34 to 
-Conduct more, the voltage dropping at 64 be 
cause of the resistor 65, which is in series with 
the plate 3 of tube 34. This change in voltage is 
conducted, by condenser 66, resistor 67 and lead 
68 to the grid 33 of tube 44. This tube A4 has no 
plate load resistor, its cathode 46 being connected 
to resistor 45, and to the cathode 25 of tube 24. 
In action, while the cathode 25 is becoming 

positive, the cathode 46 of tube 44 is becoming 
negative, thereby cancelling the noise signal 6 
Voltage at 68, while signal voltage is conducted 
by way of condenser 27 and lead 69. 

It will be noted that there is provided a bias 
battery 70, grounded at 7, and furnishing cur 
rent bias for tube 24, so that the latter will oper 
ate on the linear portion of the Eg-Ip curve 
(class A). Of course, the battery 72, grounded 
at 73, Serves the same purpose for tube 44. 

Fig. 11 shows the noise signal input to inverter 
tube 34, Fig. 12, the same on the plate of in 
Verter tube, Fig. 13 the same on the grid 43 of 
Controlling tube 44 and Fig. 14 the Wanted signal 
60 on the cathode 23 of the controller tube 24. 
The system may employ any suitable vacuum 

tube and, by way of example, Figs. 16 and 17 ill 
lustrate the System, employing pentodes, in place 
of the triodes of the corresponding Figs. 1 and 2. 

Similar reference characters are employed, of 
course, to designate corresponding parts in Figs. 
1, 2, 16 and 17. The pentode 5 of Figs. 16 and 
and 17 contains a grid 23 and cathode 25 as 
well as grids 6 and 77 and a condenser 78 and 
resistor 79 are provided. The pentode 80 of Fig. 
16 contains the grid 33, cathode 35 and anode 
37 as well as grids 80' and 8 with the necessary 
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5 
grounded condenser 82 and resistor 83, while the 
pentode 84 of Figs. 16 and 17, contains grid 43, 
cathode 46 and anode 37 with grids 85 and 86 
there being also provided the condenser 8 and 
resistor 88. 

In Fig. 15 is illustrated a typical hookup, 
shown diagrammatically, where a conventional 
superheterodyne receiver indicated generally at 
G is provided with a conventional diode detector 
H, with the output of the detector connected with 
the novel electronic noise eliminator A, as at K, 
interposed between it and a conventional audio 
frequency amplifier I. 

Various changes may be made to the forms of 
the 'invention herein shown and described with 
out departing from the spirit of the invention 
and scope of the claims. 
What is claimed is: 
1. In an electronic noise interference elimina 

tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in Said circuit, means 
for receiving wanted signal impulses and noise 
interference from a detector, said means includ 
ing a vacuum tube, having a cathode; high pass 
filter means for receiving and separating wanted 
signal ifnpulses and noise signal impulses, having 
frequencies higher than the highest desired sig 
nailfrequency, from the detector and passing fre 
quencies above the wanted-signal impulses; phase 
inverting stage means for receiving said frequen 
cies and inverting the wave form, including a 
secona vacuum tube; a biasing resistor for said 
last named tube and plate load resistor means 
across which said inverted wave form is devel 

- oped, means for receiving said inverted Wave 
form, including a third vacuum tube, having a 
cathode, means electrically connecting together 
the cathodes of said first and third named tubes 
so that they are at substantially the same oper 
ating potentials at all times, and an electrical re 
sistor, common to the cathode circuits of said first and third tubes. 

2. In an electronic noise interference elimina 
tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in said circuit, means ' 
for receiving Wanted signal impulses and noise 
interference from a detector, said means includ 
ing a first vacuum tube having a cathode and an 
anode; high pass filter means for receiving and 
separating wanted signal impulses and noise sig 
nal impulses, having frequencies higher than the 
highest desired signal frequency, from the detec 
tor and passing frequencies above the wanted 
signal impulses; phase inverting stage means for 
receiving said frequencies and inverting the wave 
form, including a "second vacuum tube, having an 
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anode; means for receiving said inverted wave 
form, including a third vacuum tube having a 
cathode and an anode, means electrically con 
necting together the cathodes of said first and 
third named tubes so that they are at Substan 
tially the same operating potentials at all times, 
an electrical resistor common to the cathode cir 
cuits of said first and third tubes; and electric 
cuirrent generating means in circuit with said re 
sistor and electrically connected with the anode 
circuits of said tubes, said resistor being con 
nected with said last-named means at a point 
where the voltage of said last-named means is 
negative, with respect to the ground and of a 
value. equal to the voltage drop across said re 
sistor minus the bias required for said first 
named Vacuum tube. 
3. In a noise-cancellation-apparatus for a radio 

receiver, a controlled annplifier including a vac 

GO 
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uch tube, having a cathode, a grid and anian 
ode; filter means for separating the wanted sig 
nal firinpulses and the hoise inpulses, having fre 
quencies higher than the highest desired signal 
frequency, and passing only said noise impulses, 
in the same phase, as the impulses reaching the 
grid of said tube; means for electrically connect 
ing said controlled amplifier to said receiver; 
means for electrically connecting said filter mear 
to said receiver; means for receiving said noise 
iringiil SeS 3fron Said first-named means and in 
verting the wave form thereof, including a vac 
turn tube, having aiia anode, a biasing resistor 
therefor, plate load resistor means for de 
veloping said inverted wave form across said 
plate load resistoir; means for receiving said in 
verted wave forn, including a vacuum tube, hav 
ing a cathode and an anode; means electrically 
coininecting together:the cathodes of said first and 
third tubes so that they are at substantially the 
same operating potentials at all times; a common 
electrical resistor for the cathode circuits of said 
first and third tubes; and electric current gener 
atting means in circuit with Said Connon electri 
cal resistor and electrically connected with the 
anode:circuits of said tubes, said common electri 
cal resistor...being connected with said last-named 
means at a point where the Voltage of said last 
named means is negative, with respect to the 
ground, and of a value equal to the voltage drop 
aCross said common electrical resistorminus the 
bias required for said first-named vacuum tube. 

'4. In an electronic noise eliminator, means for 
receiving wanted and noise signal impulses, in 
cluding a vacuum tube, having a grid and a cath 
ode; means including a high pass filter, for sepa 
rating said wanted signal impulses and noise sig 
nial impulses, having frequencies higher than the 
highest desired frequency, and passing only said 
noise signal impulses, in the same phases as the 
impulses reaching the grid of said tube; means 
for receiving said noise signal impulses from said 
second-named means, including a second vacuum 
tube, having a cathode; means electrically con 
necting together the cathodes of said tubes so 
that they are at substantially the same-operating 
potentials at all times; and an electrical resistor, 
common to the cathode circuits of Said tubes. 

5. In an electronic noise interference elimina 
tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in said circuit, means 
for receiving wanted Signal impulses and noise 
interference from a detector, said 'means includ 
ing -a vacuum tube, having a cathode; low pass 

5 filterneans for receiving and separating Wanted 
signal impulses and noise impulses, having fre 
quencies lower than the lowest desired signal fre 
quency, from the detector and passing frequen 
cies below the wanted signal impulses; phase in 
verting stage-means for receiving said frequencies 
and inverting the wave form, including a second 
vacuum tube; a biasing resistor for said last 
named tube and plate load resistor means across 
which said inverted wave form is developed; 
means for receiving said inverted wave form, in 
cluding a third vacuum tube, having a cathode; 
means electrically connecting together the cath 
odes of said first and third named tubes so that 
they are: at substantially the same operating po 
tentials at all times; and an electrical resistor, 
corninion to the cathode circuits of Said first and 
third ttibes. 

6. In an electronic noise interference elimina 
tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in said circuit, means 
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for receiving wanted signal impulses and inter 
ference signals from a detector, said means in 
cluding a first vacuum tube having a cathode 
and an anode; band-pass filter means for receiv 
ing and separating wanted signal impulses and 
interference signal impulses, having frequencies 
within the pass-band of the filter from the de 
tector and passing frequencies within the pass 
band; phase inverting stage means for receiv 
ing said frequencies and inverting the wave form, 
including a second vacuum tube, having an anode; 
means for receiving said inverted Wave form, 
including a third vacuum tubehaving a cathode 
and an anode; means electrically connecting to 
gether the cathodes of said first and third named 
tubes so that they are at substantially the same 
operating potentials at all times; an electrical 
resistor common to the cathode circuits of Said 
first and third tubes; and electric current gen 
erating means in circuit with said resistOr and 
electrically connected with the anode circuits of 
said tubes, said resistor being connected with said 
last-named means at a point where the voltage 
of said last-named means is negative, with respect 
to the ground and of a value equal to the voltage 
drop across said resistor minus the bias required 
for said first-named vacuum tube. . 

7. In a noise-cancellation apparatus for a radio 
receiver, a controlled amplifier including a vac 
uum tube, having a cathode, a grid and an anode; 
filter means for separating the wanted signal 
impulses and the noise impulses, having frequen 
cies lower than the lowest desired signal fre 
quency, and passing only said noise impulses, in 
the same phase as the impulses reaching the grid : 
of said tube; means for electrically connecting 
said controlled amplifier to said receiver; means 
for electrically connecting said filter means to 
said receiver; means for receiving said noise in 
pulses from Said first-named means and invert 
ing the wave form thereof, including a vacuum 
tube, having an anode, a biasing resistor there 
for, and plate load resistor means for developing 
said inverted Wave form across said plate load 
resistor; means for receiving said inverted wave 
form, including a vacuum tube, having a cathode 
and an anode; means electrically connecting to 
gether the cathodes of said first and third tubes 
so that they are at substantially the same oper 
atting potentials at all times; a common electri 
cal resistor for the cathode circuits of said first 
and third tubes; and electric current generating 
means in circuit with said common electrical re 
sistor and electrically connected with the anode 
circuits of said tubes, said common electrical re 
sistor being connected with said last-named 
means at a point where the voltage of said last 
named means is negative, with respect to the 
ground, and of a value equal to the voltage drop 
across said common electrical resistor minus the 
bias required for Said first-named Vacuum tube. 

8. In an electronic noise eliminator, means for 
receiving Wanted and noise signal impulses, in 
cluding a vacuum tube, having a grid and a cath 
ode; means, including low-pass filter, for operat 
ing said Wanted signal impulses and noise signal 
impulses, having frequencies higher than the 
highest desired signal frequency, and passing only 
said noise signal impulses, in the same phase as 
the impulses reaching the grid of said tube; means 
for receiving Said noise signal impulses from said 
Second-named means, including a second vac 
uum tube, having a cathode; and means electri 
cally connecting together the cathodes of said 
tubes so that they are at substantially the same 
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8 
operating potentials at all times; and an electri 
cal resistor, common to the cathode circuits of 
Said tubes. 

9. In an electronic noise interference elimina 
tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in said circuit, means 
for receiving wanted signal impulses and noise 
interference from a detector, said means includ 
ing a first vacuum tube, having a cathode; band 
pass filter means for receiving and separating 
Wanted signal impulses and noise signal impulses, 
having frequencies within the filter pass band, 
from the detector and passing frequencies dif 
fering from the Wanted signal impulses; phase 
inverting stage means for receiving said frequen 
cies and inverting the wave form, including a 
Second vacuum tube; a biasing resistor for said 
last named tube and plate load resistor means 
across which said inverted wave form is devel 
oped, means for receiving inverted wave form, 
including a third vacuum tube, having a cathode, 
means electrically connecting together the cath 
odes of said first and third named tubes so that 
they are at substantially the same operating po 
tentials at all times, and an electrical resistor, 
common to the cathode circuits of said first and 
third tubes. 

10. In an electronic noise interference elimina 
tor, adapted to be disposed in a radio receiving 
circuit to follow a detector in said circuit, means 
for receiving Wanted Signal impulses and noise in 
terference signals from a detector, said means 
including a first Vacuum tube having a cathode 
and an anode; band-paSS filter means for receiv 
ing and Separating Wanted signal impulses and 
interfering signal impulses, having frequencies 
within the filter pass band and differing from the 
desired signal frequency; phase inverting stage 
means for receiving said frequenices and invert 
ing the wave form, including a second vacuum 
tube, having an anode; means for receiving said 
inverted Wave form, including a third vacuum 
tube having a cathode and an anode, means elec 
trically connecting together the cathodes of said 
first and third named tubes so that they are at 
Substantially the same operating potentials, an 
electrical resistor common to the cathode circuits 
of said first and third tubes; and electric cur 
rent generating means in circuit with said resistor 
and electrically connected with the anode circuits 
of Said tubes, said resistor being connected with 
Said last-named means at a point where the Wolt 
age of said last-named means is negative, with re 
Spect to the ground and of a value equal to the 
voltage drop across said resistor minus the bias 
required for said first-named tube. 

11. In a noise-cancellation apparatus for a 
radio receiver, a controlled amplifier including a 
vacuum tube, having a cathode, a grid and an 
anode; band-pass filter means for separating the 
wanted signal impulses and the noise impulses, 
having frequencies within the filter pass band, 
from the detector and passing frequencies differ 
ing from the wanted signal impulses, in the same 
phase as the impulses reaching the grid of said 
tube; means for electrically connecting said con 
trolled amplifier to said receiver; means for elec 
trically connecting said filter means to said re 
ceiver; means for receiving said noise impulses 
from Said first-named means and inverting the 
Wave form thereof, including a vacuum tube, hav 
ing an anode, a biasing resistor therefor, and plate 
load resistor means for developing said inverted 
Wave form across said plate load resistor; means 
for receiving said inverted wave form, including 
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a vacuum tube, having a cathode and an anode, 
means electrically connecting together the cath 
odes of said first and third tubes so that they 
are at substantially the same operating potentials 
at all times, a common electrical resistor for the 
cathode circuits of said first and third tubes; and 
electric current generating means in circuit with 
said common electrical resistor and electrically 
connected with the anode circuits of said tubes, 
said common electrical resistor being connected 
with said last-named means at a point where the 
voltage of said last-named means is negative, with 
respect to the ground, and of a value equal to 
the voltage drop across said common electrical 
resistor minus the bias required for said first 
named vacuum tube. 

12. In a noise-cancellation apparatus for a 
radio receiver, a controlled amplifier including a 
vacuum tube having a cathode, a grid, and an 
anode; filter means for separating the wanted sig 
nal impulses and the noise impulses, having fre 
quencies lower than the lowest desired signal fre 
quency, and passing only said noise impulses, in 
the same phase as the impulses reaching the grid 
of said tube; means for electrically connecting 
Said controlled amplifier to said receiver; means 
for electrically connecting said filter means to said 
receiver; means for receiving said noise impulses 
from Said first-named means and inverting the 
wave form thereof, including a vacuum tube, hav 
ing an anode, a biasing resistor therefor, and 
plate load resistor means for developing said in 
verted Wave form across said plate load resistor; 
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means for receiving said inverted wave form, in 
cluding a vacuum tube, having a cathode and an 
anode, means electrically connecting together the 
cathodes of said first and third tubes so, that they 
are at substantially the same operating potentials 
at all times, a common electrical resistor for the 
cathode circuits of said first and third tubes; and 
electric current generating means in circuit with 
said common electrical resistor and electrically 
connected with the anode circuits of said tubes, 
said common electrical resistor being connected 
with said last-named means at a point where the 
voltage of said last-named means is negative, with 
respect to the ground, and of a value equal to the 
Voltage drop acroSS Said common electrical re 
Sistorminus the bias required for said first-named 
vacuum tube. 
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