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My present invention relates generally to am 
plifier circuits, and more particularly to a novel 
method of, and means for, reducing distortion in 
an amplifiers stage without reducing its gain. 

In the past, various types of inverse feedback 
arrangements have been used in amplifier cir 
cuits. The use of inverse feedback, or degenera 
tion, is indicated wherever it is desired that an 
amplifier have an output which is relatively free 
of distortion. There are various reasons why it 
may not be possible to have an amplifier circuit 
Whose output is substantially free of distortion. 
For example, the amplifier may have its grid bias 
Supplied by an automatic gain control system, in 
which case the amplifier may not be operating 
along the linear portion of its plate current-grid 
voltage characteristic. Again, the output voltage 
desired may be excessive, and substantial har 
monics may be produced. The load of the ampli 
fier, as for example where the load is a diode, 
may be non-linear. Prior inverse feedback cir 
cuits could substantially reduce distortion aris 
ing from such cases. However, the gain of the 
amplifier stage was concurrently greatly reduced. 
One of the main objects of my present inven 

tion is to provide a method of substantially elimi 
nating harmonie distortion in an amplifier cir 
cuit without appreciable loss of its normal gain. 
Another important object of my invention is 

to provide a signal amplifier which is provided 
with an electron discharge device adapted to 
function as a distortion-reducing device without 
substantial effect on the gain of the signal ampli 
fier. 
A further object of my invention is to provide 

in combination with a signal amplifier whose out 
put and input circuits are coupled by a resistive 
path, an auxiliary electron discharge device 
whose input electrode is connected to a point in 
the resistive path which is at substantially zero 
signal potential but which is at an appreciable 
potential, with respect to harmonic distortion 
voltage, the output electrode of the auxiliary de 
vice being connected in parallel with the output 
electrode of the signal amplifier, and amplified 
Signal Voltage being derived from a circuit, in 
cluding the parallel output electrodes, 
Another object of my invention is to provide 

a method of substantially reducing harmonic dis 
tortion in a signal amplifier which comprises ap 
plying the signals to be amplified to the input 
electrode of an amplifier, developing amplified 
signal voltage in the output circuit of the ampli 
fier, deriving from the amplifier solely distortion 
voltage, and utilizing the derived distortion volt 
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age Substantially to reduce distortion voltage 
components existing in the output circuit of the 
signal amplifier thereby maintaining the gain of 
the signal amplifier at its substantially normal 
Value. 

Still other objects of my invention are to im 
prove generally the functioning and efficiency 
of signal amplifiers of the audio frequency type, 
and more specifically to provide an audio fre 
quency amplifier circuit, which is not only reliable . 
in operation, but is economically manufactured 
and assembled. 
In the drawing: 
Fig. 1 is a circuit diagram of an embodiment of 

my invention, 
Fig. 2 is a simplified analysis of the operation 

of the circuit. & 
The novel features which I believe to be chair 

acteristic of my invention are set forth with par 
ticularity in the appended claims; the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description, taken in 
connection with the drawing, in which I have in 
dicated diagrammatically a circuit organization 
whereby my invention may be carried into effect. 

Referring, now, to the circuit shown in the ac 
companying drawing let it be assumed, that T1 
denotes a conventional amplifier tube of any de 
sired type. While the tube is represented as of 
the screen grid type, it is to be clearly understood 
that any of the well known triode or pentode 
types may be used in place thereof. The signal 
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source is schematically represented, and may be in 
5 any desired frequency range. While for purposes 

of specific illustration it is assumed that the Sig 
nal source is a source of audio frequency signals, 
it is to be clearly understood that the signal source 
may provide signals in a super-audible frequency 
range. The present invention moreover may be 
applied to the intermediate frequency and radio 
frequency ranges, if desired. 
The cathode of tube T1 is shown as being at 

ground potential, while the signal input electrode 
2 is coupled to the high alternating potential side 
of the signal source through a direct current 
blocking condenser. C2. The resistor R4 connects 
the signal grid 2 to a direct current potential 
point which is negative with respect. to ground. 
In other words, the resistor R4 provides the grid 
bias path for grid 2. The plate or output elec 
trode 3, is connected to the --B terminal of the 
energizing direct current source through the load 
resistor R. Those skilled in the art of radio com 
munication are fully acquainted with the manner 



2 
of energizing amplifier circuits from direct cur 
rent sources, or from the power Supply circuit of 
a radio receiver. This invention is not limited 
in any way to the particular source of direct 
current voltages employed to energize the various 
tube electrodes. 
There is provided between plate 3 and grid 2 a. 

path which consists of a voltage divider R3-R2 
in series with the coupling condenser C1. The 
right end of R3 is connected directly to the output 
electrode 3, While the left terminal of condenser 
C1 is connected to the high alternating potential 
side of the signal Source. 
my invention, R2--R3 is made sufficiently large so 
that no appreciable negative feedback occurs be 
tween the grid and plate of T1 by virtue of their 
presence. A point can be found on the divider 
R2-R3 which is at Substantially Zero signal po 
tential with respect to ground, but which is at 
an appreciable potential with respect to harmonic 
distortion component. This harmonic distortion 
component voltage is applied to an auxiliary elec 
tron discharge device for the purpose of substan 
tially eliminating any residual harmonic distor 
tion which may exist across the load resistor R1. 2 
This elimination of distortion component exist 

ing in the output circuit of aniplifier Ti is Se 
cured by employing the tube T2. This tube may 
be of any well known type, such as a triode, Screen 
grid or pentode. Its constants need have no rela 
tion to the constants of the device T1. Indeed, 
the electron discharge device T2 may be, for ex 
ample, a section of a tube having another elec 
tron section performing some useful function 
with regard to signal transmission. For example, 
the device T2 may be one of the electron sections 
of a twin triode tube, and the other section may 
act as an amplifier section for the signal output 
voltage taken off from T1. However, my inven 
tion is not restricted in any way to such a mul 
tiple function for T2. The tube T, functions as 
a compensation device. 
The cathode 4 of T2 is established at ground 

potential, while its plate 5 is connected directly 
to the plate 3 of tube T1. Accordingly, it Will 
be seen that the output electrodes 3 and 5 are 
connected in parallel so far as the output circuit 
of T is concerned. The control grid 6 is Con 
nected to the aforementioned Zero signal poten 
tial point on divider R2-R3 by means of a direct 
current blocking condenser C3. The grid 6 is con 
nected to a source of negative bias through re 
sistor R5. The condenser C3 is shown connected 
to the predetermined point on divider R2-R3 by 
means of an adjustable tap 7. It is to be under 
stood that this adjustable tap can be fixed in posi 
tion once the proper zero signal potential point is 
found. The output circuit leads are indicated by 
the numeral 8, and these leads are connected be 
tween ground and the paralleled output elec 
trodes 3 and 5. 
plate load R1, amplified signal voltage which is 
substantially free of harmonic distortion compo 
nents. 
The divider R2-R3 may be constructed as a 

single resistor with a tap thereon adjustable to 
a point on the divider such that the two portions 
of the divider have desired magnitudes. The 
latter should be such that at the junction point 
a signal balance with respect to ground is ob 
tained leaving only the distortion. On the other 
hand, the divider may consist of separate re 
sistances R2, and R3 whose relative magnitudes 
are so chosen that at the junction point T the 
signal voltages from the output electrode 3 and 

The leads 8 take off from the 
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2,879,699 
the grid 2 are exactly opposite in phase. How 
ever, at the junction point it is important that 
the ratio of distortion to signal be large. 
This distortion voltage is applied to the con 

trol grid 6 of electron discharge device T2. The 
plate 5 of the latter will then draw current in 
such a manner as to oppose the distortion leav 
ing the fundamental signal voltage unchanged. 
Accordingly, there will be substantially no loss in 
gain of the amplifier T1. It is desirable to have 
the magnitudes of resistors R4, R5, R2 and Ra large 
compared to the magnitude of the plate load re 
sistor R1 and the impedance of the signal input 
SOC8. 

In order to explain more clearly the function 
ing of my invention the following analysis is 
presented. Fig. 2 shows a simplified redrawing 
of elements Ra-R3-R1 and the grid 2 and plate 
3 of tube T1. Let it be assumed that tube T2 
has been removed from its Socket. An alter 
nating voltage E sin wt is applied between grid 
2 and ground. Assume, furthermore, that the 
amplification of tube T in connection with load 
resistor R1 is a, and that R2--R3 is sufficiently 
large so that no appreciable negative feedback oc 
curs between grid 2 and plate 3 by virtue of their 
presence. The voltage E sin wt represents the 
signal voltage applied to grid 2 of tube T1. The 
voltages -as sin wt and K sin not represent 
respectively the amplified plate signal voltage and 
the distortion voltage generated in T. If 

since generators E sin wt are of the same fre 
quency and Opposite phase they form. With re 
sistors Ra and R3 a balanced bridge such that at 
point no voltage at this frequency exists. 

However, the generator K sin not has no com 
pensating generator of the same frequency in 
the arm of the bridge between grid 2 and ground. 
Hence, at point we have 

( ) K volts 
of distortion frequencies. If, now, tube T2 is re 
inserted in its socket, but its grid 6 disconnected, 
the effect will be as if R1 and the B Supply Were 
reduced slightly. Connecting grid 6 to point 
can have no effect insofar as the signal frequency 
is concerned for no such voltage exists at point T. 
However, distortion voltages do exist at point . . 
These are amplified by tube T2, and are applied 
to the output circuit of tube T in such phase as 
to oppose the distortion generated in tube T1. It 
is desirable, though not necessary, that R2--R3 
be large compared to the impedance of the sig 
nal source so that the gain at T will not be ma 
terially reduced through inverse feedback. The 
function of tube T2, it is emphasized, is a com 
pensating one since it acts to eliminate a portion 
of the distortion without material loss in gain of 
T. 
An illustrative numeral computation will show 

the advantage of my circuit. ASSume an ampli 
fier with a gain of 10 and 10% distortion. If ap 
proximately 1% distortion is desired, conven 
tional inverse feedback calls for a 10 to 1 reduc 
tion in gain of the amplifier. However, by asso 
ciating another tube T2 with the same charac 
teristics, in accordance with the teachings of my 
invention the lower level of distortion may be 
attained without materially reducing the original 
gain. There are many uses to which my inven 

75 
tion may be put. For example, in a stage, sup 
plying power to a load such as a loud-speaker, the 
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tube T may be the power tube and tube Ta can 
be a much smaller tube supplying power only 
when Ti distorts. Again, in a stage driving a 
diode voltmeter or other non-linear load, tube Ta 
may be the triode portion of a diode-triode, or 
twin triode, and the distortion resulting from 
the non-linear load may be reduced in this fash 
ion. The present invention may, also, be used 
to good advantage in a logarithmic voltmeter in 
which AVC (automatic volume control) bias is 
supplied by a diode rectifier to an amplifier driv 
ing the diode. For large signal inputs the driv 
ing amplifier may be operating with considerable, 
distortion due to high AVC bias. The amplifier 
in such case may be replaced by the present cir 
cuit with resultant reduction in distortion. 
While I have indicated and described a sys 

3 
nected to the input electrode of said one device, 
a signal output circuit connected across said out 

U 

tem for carrying my invention into effect, it will 
be apparent to one skilled in the art that my in 
vention is by no means limited to the particular 
organization shown and described, but that many 
modifications may be made without departing 
from the scope of my invention, as set forth in 
the appended claims. 
What I claim is: 
1. In combination with a signal amplifier pro 

vided with input and output electrodes, a signal 
input circuit connected to the input electrodes, 
an output load element connected to the output 
electrodes, a path connected between said out 
put circuit and the signal input circuit, said path 
having an impedance which is sufficiently large 
to prevent negative feedback, an auxiliary elec 
tron discharge device provided with at least an 
input electrode and an output electrode, means 
for connecting the latter output electrode to the 
Qutput circuit of said amplifier, said load element 
connecting the output electrodes of said amplifier 
and auxiliary device in parallel, and means for 
connecting the input electrode of said auxiliary 
device to a point on the said path which is of sub 
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put load resistor, and means for applying to the 
input electrode of the second device distortion 
voltage derived from a point on the resistive path 
which is at zero. signal potential. 

3. In combination with an alternating current 
amplifier having input and output electrodes and 
a path between the output and input thereof, a 
resistive element in said path, a point on said 
element being chosen such as to have substan 
tially zero potential at the fundamental fre 
quency of the amplified alternating current but 
a substantial potential at harmonic frequencies 
of said current, an electron discharge device hav 
ing a control grid and output electrode, means 
connecting the grid to said point, and a common 
output resistor connecting Said amplifier output 
electrode and device output electrode in parallel. 

4. In combination with a signal amplifier pro 
vided with input and output electrodes, a signal 
source connected to the input electrodes, an out 
put circuit including an output resistor connected 
to the output electrodes, a resistive divider con 
nected between said output circuit and the sig 
nal input circuit, an auxiliary tube provided with 
at least an input electrode and an output elec 
trode, means for connecting the latter output 
electrode to the output circuit of said amplifier, 
said output resistor connecting the output elec 
trodes of the amplifier and auxiliary tube in 
parallel, and means for connecting the input 
electrode of said auxiliary device to a point on 
said divider which is of substantially zero signal. 
potential, but which has an appreciable harmonic . 
distortion potential. 

5. In combination, a pair of electron discharge 
tubes, each tube having at least an input elec 
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... stantially Zero signal potential, but which has 
an appreciable harmonic distortion potential. 

2. In combination, a pair of electron discharge 
devices, each device having at least an input elec 
trode and an output electrode, a common output 
load resistor connecting said output electrodes of 
both Said devices in parallel, a resistive path con 
necting the output electrode and input electrode 
of one of said devices, a signal input circuit con 

trode and an output electrode, a common output 
load resistor connecting both output electrodes 
in parallel, a voltage divider connecting the out 
put electrode and input electrode of one of said 
tubes, a signal input circuit connected to the in 
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put electrode of said one tube, a signal output 
circuit connected across said output load resistor, 
and means for applying to the input electrode of 
the second tube distortion voltage derived from , 
a null point on the divider as regards signal fra 
quencies. - 
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