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This invention relates to thermionic ampli 
fiers and more particularly to a device adapted 
to amplify currents having a wide range of fre 
quency down to and including zero cycles per 

5 second. - 
I am aWare of the existence of thermionic 

amplifiers which are adapted to amplify low fre 
quency and direct current impulses. Such de 
vices usually include a plurality of direct-coupled 

10 tubes. Since the grid of one tube necessarily has 
the direct current potential of the anode of the 
preceding tube, separate batteries for each tube 
are usually used. If the batteries are to be serially 
connected, or if a rectifier and filter system is to 

15 be used, the cathode of each successive tube must 
be connected to a more positive potential in Order 
to maintain the proper grid bias. As a result 
the overall voltage required becomes very large. 
This difficulty is overcome in accordance with 

20 the present invention by converting the signal 
which is to be amplified into a modulated radio 
frequency signal, amplifying the radio frequency 
signal as much as is desired, and demodulating 
to obtain the original signal frequency greatly 

:25 amplified. In accordance with this invention a 
system is provided for obtaining from the recti 
fier an output voltage suitable for driving the 
grids of a pair of push-pull, direct-coupled out 
put tubes which may be voltage or current am 

30 plifiers. 
Among the objects of this invention are the 

provision of an improved method for amplifying 
currents having a wide range of frequency, down 
to and including zero cycles per second, the pro 

35 vision of an improved method of driving a pair 
of direct-coupled push-pull amplifiers; and the 
provision of means for carrying out the above ob 
jectS. 
This invention Will be better understood from 

40 the following description considered in connec 
tion with the accompanying drawing and its scope 
is indicated by the appended claims. . . 
The drawing is a schematic diagram of one 

embodiment of this invention. 
45. A pair of input terminals f and 3 are provided 

to which the current impulse to be amplified may 
be applied. An attenuator, which may consist of 
a potentiometer 5, is connected across the input 
terminals and 3. The variable arm of the po 

- 50 tentiometer is connected to the control grid 7 
of a multi-electrode modulator tube 9. . 
A local oscillator i is provided for the gen 

eration of radio frequency carrier currents. This 
oscillator consists of a thermionic triode 3 which 

55 is connected to a tank circuit 5 in the usual 

lane. The cathode. 1 of the modulator tube 
9 is connected to a suitable point between the 
terminals of the tank circuit inductor. 9. Input 
terminal 3 is connected to a point on inductor 9, 
and grounded. The terminal of inductor 9 which 5 
is near the ground connection, above referred to, 
'is. Coupled by means of a capacitor 2 to the 
control grid 7. 

It is to be noted that low frequency currents 
which are impressed on the input terminals are 10 
effectively connected between the grid 7 and the 
cathode fl of the modulator tube, since the in 
pedance of that portion of inductor 9 which is 
between the cathode and ground is negligible 
throughout the useful frequency range of the 15 
amplifier. . . . . 
The purpose of capacitor 2 is to provide a neu 

tralizing Voltage for opposing the radio frequency 
Voltage which is induced on grid 7 by the inherent 
capacity of the grid to the cathode 7, since the (go 
Cathode 7 is not at ground potential with respect 
to the radio frequency currents. This neutraliz 
ing Woltage is equal in amplitude and opposite in 
phase to the voltage induced on the grid from 
the cathode. Modulation of the radio frequency 25 
Currents which are impressed on the modulator 9 
is effected by varying the grid-cathode potential 
by means of the input voltage. 
The modulated carrier current present in the 

plate of the modulator tube 9 has a greatly in- 30 
creased amplitude due to the amplification of this 
tube. The output is coupled by means of a res 

: Onant transformer 23 to a pair of diode rectifiers 
25 and 27. Transformer 23 may be an intermedi 
ate frequency transformer of the type used in 285 
Superheterodyne receivers, or the like, depending 
upon the frequency range desired in the ampli 
fier. 
The rectifying action of diode 25 produces a 

unipotential voltage across the diode load resistor tO 
29, whose amplitude is substantially equal to the 
speak amplitude of the applied voltage. The plate. 
side of the resistor 29 is grounded so that a 
potential which is positive with respect to ground 
appears across the resistor and is impressed: on s 
the grid of an output amplified tube 3. 
The diode 27 is energized by an identical radio 

frequency voltage but is isolated with respect 
to direct current voltages by the coupling capaci 
tor 33. Similarly, a unipotential voltage is de- 50 
veloped across diode load resistor 35. In this 
case, however, the cathode side of the resistor is 
connected to a source of fixed positive potential. 
In the instant case, the fixed potential is obtained 
from a direct current source 37 and, for con-iss 
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venience, has a value of 90 volts. This value is 
conveniently maintained by a gaseous discharge 
regulator tube 39. 
The plate end of the cathode resistor 35 is con 

nected to the control grid of a Second output am 
plifier tube 4f. Consequently, the direct current 
potential, With respect to ground, present On 
the control grid of amplifier tube 4, is deter 
mined by the difference between the fixed posi 
tive potential of 90 volts and the voltage developed 
acroSS resistor 35 by the rectifying action of 
diode 27. Returning to a consideration of the 
local oscillator , it is seen that the intensity of 
oscillation is controlled by a potentiometer 43 
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which is connected between a source of fixed po 
tential and ground. The value of the voltage 
applied to the local oscillator is selected at that 
value which will cause a carrier voltage to be in 
pressed on the rectifiers 25 and 27 whose peak 
value is in the Order of 45 volts in the absence 
of a modulating input Signal. 
In the absence of an input modulating Voltage, 

and after the adjustment mentioned above has 
been made, a positive direct current potential of 
approximately 45 volts Will be impressed on the 
grid of amplifier tube 3f. The grid potential of 
amplifier tube 4 will be equal to 90 volts minus 
45 volts, or a positive direct current potential of 
45 Volts. In such a case, a Source of biasing 
voltage must be provided. This is accomplished 
by means of a resistor 45 which is connected be 
tween the cathodes of amplifier tubes 3 and 4, 
and ground. The value of this resistor is chosen 
So as to develop 60 volts. Consequently, in the 
absence of an input modulating voltage, the 
Steady state grid bias on the amplifier tubes 3 
and 4 is Substantially minus 15 volts, which is 
a Suitable bias for the particular tubes used. 

It is to be noted that there is a direct current 
path between the input terminal and the grid T. 
of modulator tube 9. As a result, the voltage of 
grid 7 Will be varied by the application of an 
input voltage having any frequency down to and 
including Zero cycles per Second. The input 
Voltage thus changes the amplitude of the carrier 
frequency voltage which is applied to the recti 
fying tubes 25 and 27, and consequently changes 
the amplitude of the direct current potential 
Which is developed across the respective diode 
load resistors 29 and 35. If the change causes 
the Voltage across resistor 29 to become more 
positive, the voltage on the grid of amplifier 31 
likewise becomes more positive, but the voltage on 
the grid of amplifier 4 becomes more negative 
since the difference potential increases negatively. 
Out of phase potentials are therefore applied to 
the two amplifier tubes thereby obtaining push 
pull operation. 
In addition to obtaining a push-pull voltage, 

an effective two-to-one voltage gain is realized by 
the System illustrated. A change in the ampli 
tude of the radio frequency carrier which in 
creases the potential of the grid of tube 3, with 
respect to ground, from 45 to 46 volts, at the 
Same time reduces the voltage of the grid of tube 
4 from 45 to 44 volts. Thus an effective change 
of 1 volt, at the rectifier produces an effective 
change of 2 volts between the grids of the am 
plifiers which is the voltage doubling effect real 
ized in addition to the amplification produced 
by the modulator tube 9. 

Amplifier tubes 3 and 4 are coupled, respec 
tively, to rectifiers 25 and 2 by means of re 
sistive-capacitive networks 47 and 49 which serve 
to filter radio frequency currents from the input 

2,211,010 
to the amplifier tubes. In the circuit which I 
have illustrated it is to be noted that no low 
frequency bypass capacitors have been used. The 
present amplifier will amplify direct current im 
pulses or audio frequency impulses up to a sub- 5 
Stantial frequency limited primarily by the band 
Width of coupling transformer 23. 

In the example illustrated, output tubes 3 
and 4 are preferably beam power tetrodes, al 
though other tubes are suitable. The particular 
application in mind Was in connection with a 
Cathode ray oscillograph, and the amplifier was 
utilized to provide horizontal or vertical defect 
ing Voltages for the cathode ray beam. The par 
ticular cathode ray tube utilized was of the type 
having magnetic deflecting coils and consequent 
ly required high current amplifiers to operate the 
device. Other applications would require high 
Voltage output and in such cases other output 
tubes would be more satisfactory. 
While I have shown a preferred embodiment of 

this invention, it is to be understood that modi 
fications may be made within the scope of this 
invention. Thus, a single rectifier tube inay be 
used in place of rectifiers 25 and 2. In Such an 
instance, two cathode load resistors would be uti 
lized having their common point grounded. 
Likewise, additional stages of carrier frequency 
current amplification may be utilized. 

I claim as my invention: 
1. In a direct current amplifier, a local oscilla 

tol, an amplifier coupled to said oscillator, a pair 
of rectifiers coupled to the output of said ampli 
fir, means including said rectifiers for obtaining 
unipotential voltages whose amplitudes vary in 35 
3.cC'dance with the amplitude of Said local os 
gillations, a fixed biasing potential effectively 
Connected in Series. With one of said unipotential 
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voltages, said fixed potential having such a value 
that a difference voltage is developed which, for 40 
3 given oscillation amplitude, is equal to tile ain 
plitude of the other of said unipotential volt 
ages, and of like polarity with respect to ground, 
and means for varying the amplitude of said os 
cillations from said given value in accordances 
with a voltage which is to be measured, whereby 
an amplified output potential is developed be 
tWe?:n the other of Said unipotential voltages and 
said difference voltage. 

2. The method of amplifying an electrical im 
puise which includes the steps of generating local 
Oscillations, modulating said oscillations in ac 
cordance with said impulse, amplifying said mod 
lated OScillations, and demodulating said an 
plified oscillations, to obtain two unipotential 
voltages, combining one of said unipotential volt 
ages With a fixed voltage to obtain a difference 
voltage whose amplitude is normally equal to 
that of the other of Said unipotential voltages, 
and of like polarity, and obtaining an output, volt- 60 

50 

55 

age whose amplitude is proportional to changes 
from said normal condition due to changes in 
said voltage to be amplified. 

3. In an amplifier responsive to a range of fre 
quencies down to and including zero cycles per 65 
Second, the combination which includes a local 
Oscillator, a modulator, means for modulating the 
amplitude of said local oscillations in accordance 
With a signal, means for amplifying said modul 
lated oscillations, a pair of rectifiers, means for to 
impressing Said amplified oscillations on said rec 
tifiers, a load resistor connected to each of said 
rectifiers across which is developed a unipoten 
tial Voltage whose amplitude varies in accordance 
With the amplitude of said local oscillations, a 7 
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fixed biasing potential effectively connected in 
series with one of said uni-potential voltages, said 
fixed potential having such a value and polarity 
that a difference voltage is developed which, for 
a given Oscillation amplitude, is equal to the am 
plitude of the other of said oscillations cause 
said other uni-potential voltage and said differ 
ence potential to vary in like degree and opposite 
Sense, a pair of thermionic Output tubes having 
grid, cathode, and anode electrodes, said grid 
electrodes being connected respectively to said 
load resistors, a biasing source connected between 
said cathode electrodes and ground, and output 
terminals connected to said anode electrodes. 

4. In an amplifier, the combination which in 
cludes a local oscillator, means for modulating 
said oscillator in accordance with an input volt 
age which is to be amplified to obtain a modu 
lated carrier, means for amplifying said carrier, 
a pair of rectifiers coupled to said amplifying 
means, and means connected to said rectifiers for 
deriving two rectified voltages having normally 
equal amplitudes and polarities, With respect to 
ground, said rectified voltages changing in Op- - 
posite directions in accordance With changes in 
the amplitude of said input. Voltage. 

5. In an amplifier, the combination which in 
cludes a local oscillator, means for modulating 
said oscillator in accordance with an input Volt 
age which is to be amplified to obtain a modul 
lated carrier, means for amplifying Said carrier, 

3 
and means connected to said amplifying means 
for deriving two rectified voltages having nor 
mally equal amplitudes and polarities, With re 
Spect to ground, said rectified Voltages changing 
in opposite directions in accordance with changes 
in the amplitude of said input voltage. 

6. In a device of the character described, the 
combination which includes a source of carrier 
frequency currents of normally constant ampli 
tude, means connected to said source for deriv 
ing two rectified voltages of normally equal an 
plitudes and of the same polarity, their annpli 
tudes changing in opposite directions upon the 
variation of said carrier frequency currents from 
said normal value, and means for varying the 
amplitude of said carrier frequency currents. 

7. In a device of the character described, the 
combination which includes a source of carrier 
frequency currents of normally constant ampli 
tude, a pair of rectifiers having input and output 
circuits, said input circuits being connected to 
said source, and said output circuits including 
means for developing output voltages of normal 
ly equal amplitude and polarity, but varying in 
opposite directions in accordance with variations 
of said carrier frequency currents from said nor 
mal amplitude, and a pair of output devices hav 
ing their input circuits energized, respectively, 
by said output voltages. 

CYDE E. HALLMARK. 
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