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My invention relates to amplifier circuits 
which include an electron discharge amplifier. 
In certain uses of such amplifier circuits it is 
desirable that the anode of the amplifier have a 
resistance which is materially different from its 
natural resistance; for example, in a radio re 
ceiver having an audio amplifier feeding a loud 
speaker it is desirable that the resistance of the 
amplifier anode be low in order to provide the 
proper damping for the loudspeaker. In other 
cases it is desirable that the anode resistance 
shall be high, for example, in tuned high gain 
amplifiers where a low anode resistance is un 
desirable because it decreases the gain and the 
selectivity. Amplifiers with anodes having the 
desired low and high resistances are difficult and 
expensive to construct if, indeed, they can be 
produced. . . . . 

It is the object of my invention, therefore, to 
provide improved apparatus which is connected 
with the amplifier circuit for causing the an 
plifier anode, while the circuit is in use, to have 
an apparent resistance which is different from its 
actual resistance. . - - - - 

In accordance with my invention I cause the 
amplifier anode to have an apparent low or high 
resistance by providing circuit apparatus Which 
functions to supply feed-back voltages from the 
output circuit of the amplifier to the input cir 
cuit thereof, the value of one voltage being Con 
trolled by the output current and the value Of 
another voltage being controlled by the output 
voltage. Where a low apparent resistance of the 
amplifier anode is desired, I make the current 
controlled feed-back voltage regenerative and 
the voltage controlled feed-back voltage de 
generative as these voltages are applied to the 
input circuit of the amplifier. Likewise, where 
a high apparent resistance of the amplifier an 
ode is desired I make the current controlled feed 
back voltage degenerative and the Voltage Con 
trolled feed-back voltage regenerative. 

in the accompanying drawing I have illus 
trated by Way of example. Some of the Various 
forms of apparatus which embody my invention, 
the scope of the invention being 
the appended claims. 

Referring to the drawing, Figs. 1, 2, and 3 
are circuit diagrams illustrating various en 
bodiments of my invention wherein the amplifier 
anode is caused to have an apparent, low re 
sistance; Fig. 4 is a circuit diagram illustrating 
another form of my invention wherein the am 
plifier is caused to have a high apparent re 

pointed out in 

(C. 179-171) 
sistance; and Fig. 5 shows a modified detail of 
Fig. 4. 
In Fig. 1 where I have chosen to show my 

invention forming a part of a radio receiving sys 
ten of Well known form, is the receiving an 
tenna, 2 is the radio frequency amplifier stage, 
3 is the detector stage, 4 is the first audio am 
plifier stage, 5 is the last or power amplifier 
Stage, and 6 is the loudspeaker. The power am 
plifier stage 5 includes the electron discharge 
power amplifier which preferably is a pentode 
having the cathode 8, the control grid 9, the 
Screen grid 0, the suppressor grid , and the 
anode 2. The input circuit of this amplifier 
connectS With the audio amplifier stage 4 through 
the transformer 4 and the output circuit of this 
amplifier connects with the loudspeaker through 
the load transformer 5. 

For the purpose of giving the anode 2 an ap 
parent low resistance in order better to damp 
the loudspeaker, I have provided the voltage 
divider or potentiometer 7 across the anode 
cathode circuit of the amplifier 7. This poten 
tioneter preferably comprises the resistor 8 
which may have a resistance, for example, of 
10,000 ohms and the resistor 9 which for ex 
ample may have a resistance of 2,000 ohms which 
latter resistor is engaged by the movable arm 
29. To prevent the flow of direct current 
through the potentiometer I have shown the 
blocking capacitor 2. Arranged in series in 
the anode-cathode circuit is the rheostat 22 hav 
ing a low resistance, which for example may be 
from zero to 200 ohms. The potential drop 
across this rheostat, which it will be understood 
is substantially in phase with the current in the 
anode-cathode circuit and is proportional there 
to, is applied to the primary of the step-up 
transformer 23, the secondary of which is con 
nected in a series circuit between the poten- 40 
tionetter arm 2G and the control grid 9 of the 
amplifier through the secondary of the trans 
former 4. The secondary of the transformer 
23 is SO connected in the Series circuit that at the 
instant at which the cathode end of the rheostat: 
22 is positive, for example, the end of the sec 
ondary which connects with the grid .9 is posi 
tive. Hence, the feed-back voltage which is Sup 
plied to the input circuit of the amplifier by 
the transformer 22 and which is controlled by 
and is proportional to the anode-cathode cur 
rent is a regenerative voltage. It will be seen 
that the feed-back voltage which is Supplied from 
the potentiometer through the secondary 
winding of the transformer 23 to the input cir-55 
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cuit of the amplifier 7 is a degenerative voltage. 
With the apparatus disclosed in Fig. 1, there 
fore, the apparent resistance of the anode 2 is 
made less than the actual resistance by having 

5 a regenerative feed-back voltage which is pro 
portional to the current in the output circuit of 
the amplifier applied to the input circuit thereof 
and by having a degenerative voltage propor 
tional to the output voltage of the amplifier 

10 simultaneously applied to the input circuit there 
of By the means which I have described above 
the anode of the amplifier may be made to have 
as low a resistance as desired without loss of 
power sensitivity or increased harmonic distor 

5 tion. The apparent anode resistance may be 
reduced to zero or may even be made negative. 

In the modified form of my invention illus 
trated by Fig. 2, I obtain correctly phased cur 
rent regeneration voltage by the use of a single 

20 electron discharge amplifier which I use as a 
resistance coupled amplifier in lieu of the trans 
former employed in Fig. 1. This modified con 
struction is of particular value with frequencies 
of the Order of 100 down to 40 cycles where con 

as siderable phase shift occurs even with the best 
available transformers. In Fig. 2 I obtain the 
degenerative feed-back voltage by the same 
means as shown and described in connection 
with Fig. 1, namely the potentiometer con 

a0 nected across the output circuit of the amplifier. 
The regenerative feed-back voltage which is 
proportional to the current in the output circuit 
of the amplifier is obtained by connecting the 
input circuit of the electron discharge amplifier 

35 26 across the resistor 2 and connecting the 
output circuit of the amplifier 26, which in 
cludes the arm 2) of the potentiometer, With the 
input circuit of the amplifier 7, a suitable block 
ing capacitor 23 being employed to keep the 

to direct current off the grid of that amplifier. 
In this figure the amplifier 26 is so shown that 
the phase of the current controlled feed-back 
voltage is proparly phased to be regenerative 
when applied to the grid of the amplifier . 

45. In the modification illustrated by Fig. 3 I have shown how the preceding audio amplifier stage 
may be employed in lieu of the separate ampli 
fier 26 to reverse the phase of the current re 
sponsive feed-back voltage. In this case the po 

50 tential drop across the resistor 30 in the anode 
cathode circuit is applied to the input circuit 
of the amplifier 3 comprising the preceding 
audio amplifier stage, the output circuit of Which 
amplifier connects in the usual manner through 

55 the capacitor 32 with the input circuit of the 
amplifier . A voltage responsive degenerative 
feed-back voltage in this case is obtained by the 
voltage divider or potentiometer 33 which Con 
nects across the primary of the load transformer 

60 5. As will be seen from Fig. 3, the potentiom 
eter arm 34 connects through the resistor 35 con 
stituting the principal load on the amplifier 3 
with the input circuit of the amplifier 7. In cer 
tain cases it may be found desirable to shunt the 

65 resistor 3 with a capacitor or with a capacitor in 
series with a resistor in order to compensate for 
the internal impedance of the power supply, as 
is obvious. 
In the modification illustrated by Fig. 4 I have 

70 shown how the amplifier anode may be made to 
have an apparent resistance which is greater 
than the actual resistance thereof. This is done 
by supplying to the input circuit of the amplifier 
simultaneously a degenerative feed-back Voltage 

75 which is proportional to the current in the out 

put circuit of the amplifier and a regenerative 
feed-back voltage which is proportional to the 
voltage of the output circuit of the amplifier. 
The amplifier in this case is illustrated as com 
prising a stage of intermediate frequency ampli- 5 
fication and is represented at 7. The radio re 
ceiving system illustrated by Fig. 4 includes the 
converter stage 38, the intermediate frequency 
transformer 39 connecting stage 38 with the am 
plifier , the intermediate frequency transformer 0 
40 in the output circuit of amplifier 7, the second 
intermediate frequency amplifier stage 4, the 
Second detector stage 42, the first audio ampli 
fier stage 43, the second audio amplifier stage 44, 
and the loud-speaker 6. The transformer 40 is 15 
provided with the auxiliary or tertiary winding 
45 Which is Wound in the same direction as, co 
axially With, and close to the primary winding 
of this transformer. Winding 45 connects in se 
ries With the cathode resistor 46 between ground 20 
and the cathode of the amplifier . The Sup 
pressor grid connects with the ground through 
the by-pass capacitor 47 and with the cathode 
through the high resistor 48. In this form of 
my invention a degenerative voltage, which is 25 
the voltage drop across the resistor 4S, is supplied 
to the input circuit of the amplifier 7, which volt 
age is proportional to the current in the output 
circuit of the amplifier. Also, a regenerative volt 
age is applied to the input circuit of the amplifier 30 
, which voltage is induced in the Winding 45 and 
which is proportional to the alternating voltage 
applied to the primary of the transformer 4). 
In that form of my invention shown by Fig. 4, 
therefore, the anode of the amplifier is caused 35 
to have an apparent high resistance as it is seen 
from the load by supplying to the input circuit 
of the amplifier a degenerative feed-back voltage 
which is proportional to the current in the out 
put circuit of the amplifier, and a regenerative 40 
voltage which is proportional to the voltage of 
the output circuit thereof. The modification 
illustrated by Fig. 4 is disclosed and claimed in 
my divisional application Serial No. 316,953, Feb 
ruary 2, 1940, entitled “Apparatus for controlling 45 
the apparent resistance of an amplifier anode.' 

In certain cases it may be desirable to reduce 
the amount of direct current cathode bias pro 
duced by the resistor 46 of Fig. 4. This may be 
done in the manner shown by Fig. 5 Where the 50 
resistor 46 is replaced by two separate resistors 48 
and 49 and the latter is connected across a res 
onant circuit comprising the capacitor 5t and the 
reactor 5. This circuit being resonant at Sig 
nal frequency offers a high impedance to the sig- 55 
nal frequency in the cathode circuit, but the re 
actor element 5 thereof readily passes direct 
current. 

I have chosen the particular embodiment de 
scribed above as illustrative of my invention and 60 
it Will be apparent that various other modifica 
tions may be made without departing from the 
Spirit and Scope of my invention which modifica 
tions I aim to cover by the appended claims. 
What I claim as new and desire to secure by 65 

Letters Patent of the United States, is: 
1. In combination with an amplifier circuit in 

cluding a first and a Second electron discharge 
amplifier connected together in cascade for the 
transmission of signals and said second ampli- 70 
fier having an anode, feed-back apparatus for 
causing said anode to have a lower apparent re 
sistance comprising means for supplying a de 
generative voltage to the input circuit of Said 
second amplifier controlled by the Voltage of the 75 
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output circuit thereof and means for Supplying 
regenerative voltage to the input circuit of said 
first amplifier controlled by the current in the 
Output circuit of said Second amplifier. 

2. In combination with an amplifier circuit in 
cluding a first and a second electron discharge 
amplifier connected together in cascade for the 
transmission of signals and said Second amplifier 
having an anode, feed-back apparatus for caus 
ing said anode to have a lower apparent resist 
ance comprising a load device in the output cir 
cuit of said second amplifier, a resistor across 
Said device, means for Supplying the potential 
drop across a portion of said resistor degenera 
tively to the input circuit of Said second ampli 
fier and means for supplying a regenerative volt 
age to the input circuit of said first amplifier in 
response to the current in the output circuit of 
Said Second amplifier. 

3. In combination with an amplifier circuit in 
cluding a first and a second electron discharge 
amplifier connected together in cascade for the 
transmission of signals and said Second amplifier 
having an anode, feed-back apparatus for causing 
said anode to have a lower apparent resistance 
comprising a load device in the anode circuit Of 
Said second amplifier, a potentiometer in shunt 
with said device and having its arm connected to 
Supply a degenerative voltage to the input circuit 
of said second amplifier, a resistor in the Cathode 
circuit of Said Second amplifier and means for 
Supplying the voltage drop in said resistor as a 
regenerative voltage to the input circuit of said 
first amplifier. 

HARRY F. MAYER. 
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