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This invention relates to a signal-translating 
stage including a vacuum tube and, particularly, 
to such a stage including means for preventing 
changes in the effective input capacitance of the 
Vacuum tube included in Such a stage Which re 
Sult from control of the transconductance of the 
tube by a variable-bias potential. While the in 
Vention is of general application, it is of particul 
lar utility in high-frequency selector amplifiers, 
especially those having resonant input circuits in 
which the tuning capacitance is comparable in 
magnitude With the input capacitance of the tube. 
In a high-frequency signal-translating stage in 

Which there is included a Vacuum-tube amplifier 
coupling a pair of tuned circuits, it is common to 
apply an adjustable-bias potential to the control 
grid to adjust the gain of the stage. When the 
stage is controlled in this manner, an appreciable 
change in the effective input capacitance of the 
tube occurs. The change in input capacitance 
may exceed 1.5 micro-microfarads in SOme cases. 
This change in input capacitance causes detuning 
of the associated tuned circuit, the ; annount of 
detuning depending On the tuning capacitance of 
the tuned circuit. Thus, if a 75 micro-microfarad 
tning condenser is used, a 1% change in the res 
Onant frequency of the tuned input circuit may 
take place as a consequence of Varying the grid 
bias voltage to obtain substantial gain control ac 
tion. If the input and output tuned circuits are 
fairly selective circuits, for example, circuits hav 
ing a Q of the order of 100, this detuning will 
materially broaden and shift the frequency-re 
Sponse characteristic Of the Selector-amplifier 
System. 
An object of the in Weation is to provide a vacu 

um-tube signal-translating stage in which the 
input capacitance of the tube is substantially un 
affected by the application of a Variable potential 
to an electrode of the tube to control its transcon 
ductance. 
An additional object of the invention is to pro 

wide a high-frequency signal-translating stage 
having a tuned input circuit, the resonant fre 
quency of which is not substantially altered by 
the application of a variable-bias potential to the 
input circuit of a vacuum tube included in the 
stage. 
In accordance With the invention, a signal 

translating stage including a vacuum tube com 
prises a source of electrons, a control electrode 
adjacent the source of electrons, a second elec 
trode beyond the control electrode, and One or 
more additional electrodes beyond the Second 
electrode. Means are provided for applying 2. 

adjustable negative-bias potential to the control 
electrode to vary the transconductance of the 
tube; for applying a positive-bias potential to the 
second electrode; and for applying a negative 
bias potential to one of the additional electrodes. 
Means are further provided for adjusting the 
bias potential of the said one of said additional 
electrodes simultaneously with, and in the same 
sense as, that of the control electrode, the varia 
tions of the adjustable potentials being propor 
tioned to maintain substantially constant the in 
put capacitance of the control electrode through 
out a wide range of adjustment of the transcon 
ductance of the tube. 
In accordance With a specific feature of the 

invention, there is provided in a modulated-car 

t 

5 

rier signal-translating apparatus including an 
automatic amplification control, a translating 
stage comprising a vacuum tube having a cath 
ode, grid, anode, and an additional electrode in 
terposed between the grid and the anode. A re 
sistance Voltage divider is directly connected to 
the amplification Control and means are pro 
vided for controlling the transconductance of the 
tube including means for deriving from the volt 

20 

25 
age divider a first Wariable negative-bias potential 
and applying it to the above-mentioned grid and 
a second Variable negative-bias potential and ap 
plying it to the above-mentioned additional elec 
trode. 
So proportioned as to maintain the capacitance 

The Variable negative-bias potentials are. 30 . 

of the grid-cathode circuit substantially constant 
While effecting a Substantial Wariation in the 
transconductance of the tube. 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description taken 
in connection. With the accompanying drawing, 
and its Scope Will be pointed out in the appended 
claims. 

Fig. 1 of the drawing is a circuit diagram, part 
ly schematic, illustrating an embodiment of the 
invention in the intermediate-frequency chan 
nel of a modulated-carrier signal receiver of the 
Superheterodyne type; and Figs. 2, 3, and 4 illus 
trate certain operating characteristics of the sys 
tem of Fig. 1. 

Referring now to Fig. 1 of the drawing, there is 
ShoWin a circuit diagram of a modulated-carrier 
signal receiver of the Superheterodyne type em 
bodying the invention in Which certain conven 
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tional portions are indicated schematically since, 
per se, they form no part of the invention. This 
receiver comprises, in cascade, an antenna cir 
cuit 9, a radio-frequency selector and amplifier fo 55 
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2 
of One or more stages, a frequency changer or 
Oscillator-modulator , an intermediate-fre 
quency amplifier stage 2, an intermediate-fre 
quency amplifier 3 of one or more stages, a de 
tector and A. W. C. supply 4, an audio-frequency 
amplifier 5 of one or more stages, and a loud 
Speaker 6. An automatic amplification con 
trol potential derived from the A. W. C. Supply 4 
is applied to the tubes of a desired number of 
the preceding stages of the receiver in a con 
Ventional manner. 

Neglecting for the moment the operation of 
the parts of the system involving the present in 
Vention, the system described above includes the 
features of a conventional superheterodyne re 
ceiver. The operation of such receiver being well 
understood in the art, a detailed explanation 
thereof is deemed unnecessary. Briefly, how 
ever, a desired modulated-carrier signal inter 
Cepted by antenna, 9 is selectively amplified in 
radio-frequency amplifier 0 and converted in 
frequency changer to an intermediate 
frequency modulated-carrier signal. This signal 
is Selectively amplified by intermediate-fre 
quency selector and amplifier 2, intermediate 
frequency amplifier 3, and translated therefrom 
to the detector and A. W. C. supply 4 where the 
audio frequencies of modulation and the auto 
matic amplification control-bias potentials are 
derived. The audio frequencies of modulation 
are amplified in audio-frequency amplifier 5 and 
reproduced by loud-Speaker 6 in a conventional 
manner. The input to detector 4 is maintained 
Within a relatively narrow range for a wide range 
of received signal intensities by the application 
of an automatic amplification control potential 
to one or more stages of radio-frequency am 
plifier 8, Oscillator-modulator , intermediate 
frequency amplifier selector 2, and one or more 
stages of intermediate-frequency amplifier 3, in 
a conventional manner. 
Coming now to the parts of the arrangement 

involving the present invention, the intermediate 
frequency amplifier 2 comprises a tuned input 
circuit 20, 21 coupled to a tuned output circuit 
22, 23 through a multielectrode vacuum tube T, 
the output circuit 22, 23 being coupled to the 
input circuit of the intermediate-frequency am 
plifier 3. Vacuum tube 7 includes a cathode, 
a grid 8, an anode, and an additional electrode 
9 interposed between the grid 8 and the anode. 
The A. W. C. supply 4 is provided with a load cir 
cuit including a resistance voltage divider in 
cluding resistors 27 and 27, the bias voltage de 
Veloped across the resistor 27 being applied to 
the inner control grid 8 of tube and the total 
bias Voltage being applied to the outer control 
grid 9 of tube 7, these bias voltages being pro 
portioned to maintain the grid-cathode capaci 
tance of tube 7 substantially constant while ef 
fecting a substantial variation of the transcon 
ductance of the tube. A cathode-biasing re 
sistor 25 shunted by by-pass condenser 26 is 
provided for the tube 7. Operating potentials 
are applied to the tube in a conventional man 
ner from the terminals indicated as --B and --Sc. 
The input capacitance of tube 7 is maintained 

Substantially constant with Variations of the 
automatic amplification control potentials ap 
plied to grids 8 and 9 to vary the gain of the 
stage by proper adjustment of the relative mag 
nitudes of the control potentials. 
In order to illustrate the principle of the in 

vention, reference is had to Fig. 2 which shows 
the capacitance change meaSured at the input 

2,209,894 
grid of a 67 tube, which is a type of tube which 
may be used as tube in the circuit of Fig. 1, as 
a function of the negative-bias voltages on the 
input grid 8 and the injector grid f 9. Curve A 
shows that the input capacitance of the tube 
diminishes as the negative-bias voltage on the 
signal or input grid. 8 is increased. In obtain 
ing this curve, an input signal of 450 kilocycles 
WaS applied to the tube, and a constant potential 
of -3 volts was applied to the injector grid 9. 
Curves B to H show that the input capacitance 
increases With increased negative-bias potential 
on the injector grid 9. In each of these curves, 
the Voltage of grid 8 is maintained constant at 
the value indicated. An inspection of curves B 
to H shows that, over a limited range of varia 
tion of the bias voltage upon the signal grid 8, 
the input capacitance can be held exactly con 
stant by applying to the grid 9 a bias voltage 
Varying in a particular manner with respect to 
the bias Voltage on grid 8. The relative varia 
tions of the grid-bias potentials are such that 
they Supplement one another in controlling the 
mutual conductance of the tube, increasing neg 
ative biases on the two grids cumulatively re 
ducing the mutual conductance. The proper bias 
potentials for grid 9, as the bias voltage on grid 
8 is varied, are obtained by drawing a hori 

Zontal line through curves B-H, inclusive, and 
applying a potential to grid 8 determined by its 
intersections of curves B-H, inclusive, at the 
Same time that a bias is applied to grid 9 corre 
Sponding to the value shown on the abscissae at 
the point of intersection. 

For this particular tube, the ratio of the po 
tentials required on grids 8 and 9 to avoid vari 
ation of the input capacitance is not constant. 
However, the desired variable ratio of potentials 
can be approximated by the use of a fixed ratio 
Of control voltages and the addition of a variable 
bias Voltage derived from a cathode-biasing re 
Sistor. The curves of Fig. 3 illustrate what can 
be accomplished by this procedure using a cath 
Ode resistor of 200 ohms. Input capacitance 
characteristics of the selector-amplifier circuit 
2 without the load circuit 22, 23 and with a 450 

kilocycle input to tuned circuit 20, 2 resulted in 
the Curves shown in Fig. 3. Curve I was ob 
tained using an A. W. C. ratio of 1:3 on the input 
grid 8 and the injector grid 19, respectively, 
Curve J Was obtained using an A. W. C. ratio of 
25, and curve K Was obtained using an A. W. C. 
ratio of 1:2. It is seen that, using a 2:5 ratio of 
A. W. C. potential on the grids, the input Capaci 
tance is held Substantially constant over the 
major portion of the A. W. C. range, as indicated 
by curve J, Fig. 3. For contrast, attention is 
directed again to curve A of Fig. 2 which shows 
a marked change of input capacitance of the 
tube When its mutual conductance is controlled 
in the conventional manner. By the use of the 
invention, therefore, the selector circuits may be 
designed with much higher L/C ratios to give 
correspondingly higher gain for a given per 
missible variation of the selector characteris 
tics. 

Fig. 4 illustrates the characteristics of the se 
lector-amplifier circuit 2 in a receiver having an 
intermediate frequency of 450 kilocycles and using 
a 2:5 ratio of A. W. C. potential applied to the 
grids fB and 9, respectively. Curve L shows the 
frequency band width at half amplitude (W2) of 
the signal output of the selector amplifier 2; 
Curve M shows the gain of the stage; and curve 
N shows the shift in the mean resonant frequency 
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of the Selector-amplifier system, all with respect 
to...A. W. C. potential. It will be noted that sub 
Stantial variation in the gain of the amplifier is 
obtained without material change in the charac 
teristics of the selector system. By way of con 
trast, curves O, P, and Q show the corresponding 
characteristics of the selector amplifier when op 
erated in the conventional manner with A. W. C. 
applied to the signal grid 8 only. It will be noted 
that a very material change in the band width 
and a Substantial shift of the mid-band fre 
quency of the selector occur as a result of de 
turning of the input circuit of the amplifier by 
variation of the input capacitance of the vacuum 
tube. . . .. 

The following circuit constants were used in 
obtaining the data for the curves I, M, and N of 
Fig. 4 and are illustrative of a specific applica 
tion of the invention: 

Intermediate frequency-------kilocycles. 450 
Inductances 20 and 22-------millihenry-- 1.2 
Condensers 2 and 23 

m - . . . .m - micro-microfarads-- 104 

Q of tuned circuit 20, 2 and 22,23-------- 00 
Resistor 25-----as sers a -- see e.e.- - - - - - - ohms. 200 

Resistor 21--------------- -------- do. 50,000 
Resistor 2'---------------------- do---- 33,000 
Tube -------------------------------- 6L7 

While applicant does not desire to be restricted 
to any particular theory of operation, it is be 
lieved that the characteristics described above 
may be explained as follows: under normal Oper 
ating conditions, the signal grid 18 and the in 
jector grid 9 are maintained negative and the 
Screen grid and anode are held at positive poten 
tials with respect to the cathode. Electrons paSS 
from the cathode through the grid 8 to the an 
ode. Since grid 8 is negative, the grid wires are 
Surrounded by Zero potential electron sheaths 
through which electrons cannot pass to the grid 
although they can pass through the Spaces be 
tween the sheaths to the positively charged elec 
trodes beyond. The Zero potential sheaths Sur 
rounding the grid wires are, in effect, connected 
to the cathode through the low resistance elec 
tron stream. Therefore, the Space between the 
grid 8 and the Zero potential grid sheaths may 
be regarded as constituting a capacitance directly 
in the input circuit of the tube. When the grid is 
only slightly negative, the Zero potential sheaths 
are contracted close to the grid Wires and the 
capacitance between the sheaths and the grid is 
large. When the potential becomes more nega 
tive, the zero potential sheaths expand away from 
the grid Wires and diminish the input capaci 
tance. Under this condition, changing the po 
tential of any electrode between the input grid. 
and the anode in a manner to increase the elec 
tron density in the Space surrounding the grid 
forces the Zero potential sheaths to contract to 
Ward the grid Wires. Such control may be ef 
fected by appropriate variation of the potential 
on grid 19. With proper adjustments of the in 
ner and outer grid potentials, the effective posi 
tion of the Zero potential sheaths. With respect to 
the input grid wires may be maintained un 
altered and, consequently, the grid-cathode ca 
pacitance can be maintained Substantially con 
stant as the grid biases are Varied to Vary the mu 
tual conductance of the Vacuum tube. 
While there have been described What are at 

present considered to be preferred embodiments 
of this invention, it will be obvious to those skilled 
in the art that various changes and modifications 

may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 
pended claims to cover all such changes and mod 
ifications as fall within the true spirit and scope 
of the invention." 
What is claimed is: . . . 
1. In a modulated-carrier signal-translating 

apparatus including an automatic amplification 
Control, a translating stage comprising a vacuum 
tube having a cathode, grid, anode, and an ad 
ditional electrode interposed between said grid 
and anode, a resistance voltage divider directly 
connected to the automatic amplification control 
of the System, means for controlling the trans 
conductance of Said tube including means for de 
riving from said Woltage divider a first variable 
negative-bias potential and applying it to said 
grid and a second variable negative-bias potential 
and applying it to Said additional electrode, said 
variable negative-bias potentials being propor 
tioned to maintain the capacitance of said grid 
cathode circuit Substantially constant while ef 
fecting a substantial variation in the transcon 
ductance of said tube, 

2. In', a modulated-carrier signal-translating 
apparatus including, an automatic amplification 
control, a translating. Stage comprising a Vacuum 
tube having a cathode, anode, and tWO additional 
electrodes, a resistance voltage divider directly 
connected to the automatic amplification control 
of the system, means for controlling the trans 
conductance of said tube comprising means for 
deriving a variable negative-bias potential from 
said voltage divider and applying it to one of Said 
additional electrodes, thereby tending to Wary the 
effective capacitance between One of Said addi 
tional electrodes and said cathode, and means for 
deriving a second negative-bias potential from 
said voltage divider and applying it to the other 
of said additional electrodes to compensate Said 
tendency. 

3. In a modulated-carrier Signal-translating 
apparatus including an automatic amplification 
control, a translating stage comprising a vacuum 
tube having a cathode, grid, anode, and an ad 
ditional electrode interposed between said grid 
and anode, a resistance voltage divider coupled 
to the automatic amplification control of the 
system, means for controlling the transconduct 
ance of said tube including means for deriving 
from said voltage divider a first variable-biaspo 
tential and applying it to one of Said grids and 
a second variable-bias potential and applying it 
to said additional electrode, said bias potentials 
having a fixed ratio, means including a cathode 
biasing resistor for obtaining an additional vari 
able-bias potential common to Said grid and Said 
additional electrode and controllable by , Said 
variable-bias, potentials, said additional Wari 
able-bias potential and said Wariable-bias poten 
tials co-operating to maintain substantially con 
stant the grid-cathode capacitance of Said tube 
While effecting a substantial change in the 
transconductance of said tube. 

4. A signal-translating stage including a vac 
uum tube comprising, a Source of electrons, a con 
trol electrode adjacent said source of electrons, 
a second electrode beyond said control electrode, 
one or more additional electrodes beyond said 
second electrode, means for applying an adjust 
able negative-bias potential to said control elec 
trode to vary the transconductance of said tube, 
means for applying a positive-bias potential to 
said second electrode, means for applying a nega 
tive-bias potential to One of Said additional elec 
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4. 
trodes, and means for adjusting the bias potential 
of One of Said additional electrodes simultane 
Ously with and in the same sense as that of said 
Control electrode, the variations of said adjust 
able potentials being proportioned to maintain 
Substantially constant the input capacitance of 
Said control electrode throughout a wide range 
of adjustinent of the transconductange of said 
tube. 

5. A signal-translating stage including a vac 
uum tube comprising, a cathode, a control elec 
trode adjacent said cathode, a second electrode 
beyond said control electrode, one or more addi 
tional electrodes beyond said second electrode, 
means for applying an adjustable negative-bias 
potential to said control electrode to vary the 
transconductance of said tube, means for apply 
ing a positive-bias potential to said second elec 
trode, means for applying a negative-bias poten 
tial to One of Said additional electrodes, and means 
for adjusting the bias potential of one of said 
additional electrodes simultaneously with and in 
the Same sense as that of said control electrode, 
the variations of said adjustable bias potentials 
being proportioned to maintain substantially con 
Stant the capacitance between said control elec 

2,209,894 
trode and said cathode throughout a wide range 
Of adjustment of the transconductance of Said 
tube. 

6. In a modulated-carrier signal-translating. 
apparatus including an automatic amplification 
control, a signal-translating stage including a 
vacuum tube.comprising a source of electrons, a 
COIntrol electrode adjacent Said Source of elec 
trons, a second electrode beyond said control. 
electrode, One or more additional electrodes be 
yond Said Second electrode, means for deriving 
from said automatic amplification control a vary 
ing negative-bias potential and applying it to said 
Control electrode to vary the transconductance 
of Said tube, means for applying a positive-bias. 
potential to said Second electrode, and means for 
deriving from said automatic amplification con 
trola, Second Varying negative-bias potential and 
applying it to One of Said additional electrodes. 
Simultaneously with and in the same sense as 
that to said control electrode, said varying bias 
potentials being proportioned to maintain Sub 
Stantially constant the input capacitance of said 
control electrode throughout a wide range of ad 
justment of the transconductance of said tube. 

JOHN E. FARRINGTON, 
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