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This invention relates to vacuum tube circuits 
adapted for operation at high frequencies, and 
more particularly to a circuit arrangement in 
cluding elements which have the effect of re 
ducing or lowering the tube input conductance 
and maintaining the same constant over a com 
paratively wide range of negative grid biasing 
voltages. - - . 

In vacuum tube circuits operated at high fre 
quencies, Such as are involved in the reception 
and transmission of television signals, there is a 
finite inherent input conductance between the in 
put electrodes (signal grid and cathode) by virtue 
of the transit time effect. The input conductance 
has a loading effect on the circuit connected to the 
tube input terminals, and in the case of a tuned 
input circuit the result is a damping and a loss 
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of selectivity thereof. It is desirable therefor not . 
Only to Operate the tube so that it will have a sub 
stantially constant and uniform input con 
ductance characteristic with change in bias, but 
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also that the conductance beat as low a value as . 
possible. It is known to employ an unbypassed 
cathode resistor or other impedance for making 
the input conductance constant with bias change. 
The present invention contemplates the use of 

an additional circuit element whereby a constant 
but lower input conductance with bias change is 
obtained, and the unbypassed cathode resistor 
utilized for this purpose is of smaller magnitude 
than is required without the use of the above 
mentioned additional element. 
The novel features characteristic of my inven 

tion are set forth with particularity in the ap 
pended claims. The invention itself, however, 
both as to its organization and mode of operation 
together with additional objects and advantages 
thereof will best be understood by reference to the 
following description taken in connection with the 
accompanying drawing in which 

Fig. 1 illustrates a vacuum tube circuit incorpo 
rating the invention, and 

Fig. 2 illustrates a number of curves which will 
serve to explain the invention, and which show 
the variation in input conductance of a known 
tube with change in grid bias for cathode resistors 
of different values. . 

Fig. 1 shows an amplifier stage for very high 
frequencies including an electron discharge tube 
Twhich may be of the screen grid or pentode type 
having the Cathode K, the signal control grid Ge, 
the screen grid Gs, the plate or anode P and op 
tionally the suppressor grid S. B is the source of 
plate voltage, Z, the plate load impedance, and 
-C represents a variable source of grid biasing 
voltage which may be supplied from an AWC path 
as well known. and 2 are the input terminals 
connected respectively to the signal control grid 
Ge and the cathode K and they are adapted to 
have connected thereto a source of signal energy 
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which may consist of a tuned circuit, a band pass 
filter or other circuit network. A resistance Re 
is connected to the cathode and is common to 
both the input and output circuits of the ampli 
fier. By suitable choice of the value of this re 
sistance Re it is possible to make the input con 
ductance, represented by Ro in the figure, sub 
stantially constant over a comparatively wide 
range of variation in signal control grid bias. 

In Fig. 2 I have shown several input con 
ductan curves for a tube, known as "RCA type 
1851.' The tube was operated at 45 Mic with 
zero plate load, 300 volts on the plate or anode 
and 150 volts on the screen grid. In the absence 
of a cathode resistor, or a perfectly by-passed re 
sistor, the input conductance is seen to vary from 
about 740 micromhos with -1 v., bias to ap 
proximately 90 micromhos at a grid bias of -5 
volts. For the tube under consideration it is 
found that a cathode resistor of 46 ohms is suit 
able to make the input conductance substantially 
constant at about 200 micronhos Over the range 
from -1 volt to -5 volts grid bias. t 

In order to still further reduce the input con 
ductance and at the same time maintain it at a 
constant value I have discovered that an added 
capacity Cpk between plate and cathode has bene 
ficial effects in reducing the magnitude of the 
cathode resistance necessary. The reduction of 
this cathode resistance enables obtaining a higher 
value of input resistance, that is lower conduc 
tance, uniform with bias change. In other words, 
by adding the anode to Cathode condenser Cpk the 
value of Rc which produces constant input con 
ductance with variable biasis decreased and the 
value of input conductance resulting is likewise 
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decreased over the constant value without Cpk. 
Asseen from the lower curve in Fig. 2 a resistance 
having the value 33 ohms will result in obtaining 
a substantially constant input conductance curve 
of approximately 150 micromhos when the plate 
load has a low value. 
Considering the curves of Fig. 2 in greater de 

tail, it will be observed that in an amplifier stage 
having an unbypassed resistor, the input con 
ductance varies with bias, depending upon the 
value of the cathode resistor, when there is no 
capacitance between plate and cathode, and when 
the impedance in the plate circuit is zero or has 
a low value, for example, 1000 ohms. As shown in 
that figure, there is a value of cathode resistance 
(in the case of the 1851 tube this value being 46 
ohms or thereabouts) which gives substantially 
uniform input conductance with variation of bias. 
A lower value of cathode resistance causes the in 
put conductance for low bias values to be higher 
than that for high bias values, whereas a higher 
value of cathode resistance as exemplified by the 
curve marked 71 ohms shows that the input con 
ductance then decreases with decreasing values of 
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bias. If still more cathode resistance is included, 
the input conductance for low bias values will be 
come negative, which means that the amplifier 
becomes regenerative. This regenerative tend 
ency may be understood if the effects of stray 
capacitances from plate to cathode and from 
cathode to ground are taken into account. With 
those two capacitances considered, the configura 
tion takes on some of the properties of a Colpitts 
OScillator. 
Now What is desired is a value of input con 

ductance which not only is invariable with bias, 
but also one which is as low as possible without 
being negative. A high value of cathode resist 
ance decreases the input conductance for low 
bias values, and therefore makes the stray 
capacitance effect more pronounced. If a 
capacitance Cpk, as shown in Fig. 1, is added be 
tween plate and cathode, the regenerative effect 
Will be enhanced and will take place with a lower 
value of cathode resistance. 
AS may be Seen from Fig. 1, the current which 

will flow through capacitance Cpk, will depend 
not only on the cathode to ground capacitance 
and the magnitude of cathode resistance Ro, but 
also on the value of the plate load impedance Z. 
If the plate load impedance Z is high at the fre 
quency of operation, the effect of Cpk in produc 
ing regeneration will be greater than if Z is low. 
With capacitance Cpk added to the circuit, the 
regenerative effect will occur with a lower value 
of Cathode resistance, and therefore by proper 
choice of cathode resistance and plate-cathode 
capacitance, a value or series of values may be 
found which will give constant input conductance 
with bias variation. 

For example, in the case of an 1851 tube with 
a cathode resistance of 33 ohms, it has been found 
that with a low value of plate load impedance 
that a plate to cathode capacitance of 15 ufds. 
Will produce a constant input impedance, with 
variable bias, of about 150 amhos. With a high 
value of plate load impedance, for example 
10,000 ohms or greater, and with a high mutual 
conductance such as the 1851, the regenerative 
tendencies become very great if a large value of 
plate cathode capacitance is used. For example, 
it has been found with a high plate load im 
pedance, 5 upfds. will produce satisfactory re 
Suits with a value of unbypassed cathode resist 
ance of the order of 10 ohms, the resultant input 
conductance then being of the order of 50 amhos. 
Further increase of the plate-cathode capaci 
tance when the plate load impedance is high, 
Will result in unstable operation of an input con 
ductance, which varies appreciably with bias. 

It may be seen therefore that the input con 
ductance depends not only on the cathode resist 
ance, but also on the plate-cathode capacitance 
value and on the plate load impedance value. 
The addition of a plate-cathode capacitance per 
nits the use of a low value of unbypassed cathode 
resistance for obtaining input conductance which 
is constant with bias variation, and by choice of 
plate-cathode capacitance and cathode resistance 
the input conductance can be stabilized at almost 
any desired value between zero and the value 

... which obtains for zero plate cathode Capacitance. 
It should be borne in mind, however, that input 
conductance values close to zero represent a 
potentially regenerative condition, and are there 
fore Subject to more variation than are higher 
values of input conductance. 
While I have shown and described a preferred 
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embodiment of my invention it will be under 
stood that modifications and changes may be 
made without departing from the Spirit and Scope 
of my invention, as will be understood by those 
skilled in the art. 
What I claim is: 
l. In a vacuum tube circuit adapted for opera 

tion at high frequencies, said circuit utilizing a 
tube having at least a cathode, a control grid 
and an anode, each of which is provided with an 
external terminal, and wherein an unbypassed 
Cathode resistor is employed for obtaining a con 
Stant input conductance with change in grid bias, 
characterized in that a condenser is connected 
between the external terminal of the anode and 
that of the cathode whereby the constant input 
Conductance is reduced to a lower value. 

2. In a vacuum tube circuit adapted for opera 
tion at high frequencies, said circuit utilizing a 
tube having at least a cathode, a control grid 
and an anode, each of which is provided with 
an external terminal, and wherein an unbypassed 
cathode resistor of a predetermined value is em 
ployed for obtaining a constant input con 
ductance with change in grid bias, characterized 
in that a condenser is connected between the 
external terminal of the anode and that of the 
cathode, the addition of said condenser having 
the effect of maintaining the input conductance 
constant at a lower level and permitting the 
use of a Smaller cathode resistor. 

3. A circuit for amplifying high frequencies 
comprising an electron discharge tube having at 
least a cathode, a control grid and an anode, 
each of Said electrodes being provided with an 
external terminal, an unbypassed resistor con 
nected to the cathode and common to the input 
and output circuits whereby the tube input con 
ductance is maintained constant with change in 
grid bias, and means connected between the 
anode and cathode terminals whereby the value 
of the input conductance is reduced, and still 
maintained at a constant value with change in 
grid bias. w 

4. A circuit for amplifying high frequencies 
comprising an electron discharge tube having at 
least a cathode, a control grid and an anode, 
each of Said electrodes being provided with an 
external terminal, an unbypassed resistor of a 
predetermined value connected to the cathode 
terminal and common to the input and output 
circuits whereby the tube input conductance is 
maintained constant with change in grid bias, 
and a condenser connected between the anode 
and cathode terminals, the addition of said con 
denser having the effect of maintaining the input 
conductance constant at a lower level and per 
mitting the use of a smaller cathode resistor. 

5. A circuit for amplifying high frequencies 
comprising an electron discharge tube having at 
least a cathode, a control grid and an anode and 
external terminals therefor, said tube operating 
in a range of frequencies where the tube input 
conductance varies appreciably with change in 
control grid bias, an unbypassed resistor con 
nected to the cathode terminal and common to 
the input and output circuits whereby the input 
conductance of the tube is made constant with 
change in bias, and a condenser connected be 
tween the anode and cathode terminals whereby 
the linearized input conductance is reduced to a 
lower value. w m 

DUDLEY E. FOSTER. 


