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This application relates to electrical circuits and 
particularly to reactance tube circuits. 
As known in the art a reactance tube is an 

electronic device such as a vacuum tube in which 
current flows through the tube out of phase with 
an applied radio-frequency voltage. Thus, in 
a tube of this character, an applied plate R.-F. 
voltage may produce a plate current which is 
approximately 90° out of phase With the plate 
voltage, thereby causing the tube to simulate a 
reactance. Generally this effect is produced by 
utilizing a phase-splitting network which causes 
the voltage applied to the grid of the reactance 
tube to be in a desired out-of-phase relationship 
With the plate voltage. When Such an arrange 
ment is associated with an oscillator tank circuit, 
it affords a convenient means for controlling the 
Oscillator frequency to produce frequency modul 
lation as a function of a modulating voltage ap 
plied to the grid of the reactance tube. 
In practical applications it is difficult to main 

tain the flow of current through the reactance 
tube circuit at exactly 90 in phase relative to 
the R.-F. voltage throughout the normal range of 
operating conditions. This may be attributed to 
the variation of the tube plate-cathode impedance 
With the amplitude of the modulating voltage. 
Such variation of impedance affects the function 
ing of the phase-splitting network, and as a result 
there is apt to be an in-phase component of plate 
Current of variable magnitude which causes a 
varying amount of the power of the output of 
the oscillator to be dissipated in the reactance 
tube circuit. The loss of oscillator power as a 
function of modulating voltage constitutes a very 
undesirable form of parasitic amplitude modula 
tion. 

Heretofore a number of circuit modifications 
have been proposed for the purpose of eliminating 
the above described parasitic amplitude modula 
tion. All of these are similar in that an endeavor 
is made to shift the R.-F. grid voltage more than 
90° out of phase with the applied plate voltage 
so that, in effect, the reactance tube is capable 
of supplying energy to the System in the proper 
amount to compensate for its own variable 
internal losses. Fundamentally, this is a sound 
Solution to the problem and the present inven 
tion utilizes such a method to accomplish the 
desired result. However, in prior arrangements, 
the internal plate-grid capacitance of the tube 
has had an undesirable effect at the higher fre 
quencies. The use of pentode tubes remedies this 
situation within the range of frequencies for 
which pentodes are available, but at still higher 
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frequencies, where triodes must be employed, the 
plate-grid capacitance is a serious factor which 
renders these circuits unreliable. 
A primary object of the present invention is to 

prevent parasitic amplitude modulation in a reac 
tance tube circuit by the use of a common-grid 
reactance tube circuit in which a triode may be 
utilized without any detrimental effect due to 
plate-grid capacitance. A common-grid circuit, 
Within the meaning of the present specification, 
is one in which a grid terminal is common to 
both the input and output circuits, in contradis 
tinction to the conventional tube circuit in which 
the cathode terminal is common to both input 
and output circuits. 
A further object is to provide a novel reactance 

tube circuit of general application at all radio 
frequencies for achieving the above described 
desired result. 
Other objects, features and advantages of the 

present invention will suggest themselves to those 
skilled in the art and will become apparent from 
the following description of the invention taken 
in connection with the accompanying drawing 
Which presents a schematic view of a reactance 
tube circuit according to the present invention. 
Reference is now made to the accompanying 

drawing in which a basic common-grid circuit is 
illustrated. The reactance tube circuit, in the 
present instance, comprises a triode , although it 
should be understood that other tubes such as 
pentodes may be utilized equally well in those 
frequency ranges where such tube types are avail 
able. The plate 2 of the tube is connected to . 
One of the terminals 3 to which the radio-fre 
quency voltage from the oscillator tank circuit 
(not shown) is applied. A phase-splitting net 
Work comprising the series combination of a reac 
tive element 4 and an impedance 5 are connected 
acroSS the R.-F. terminals 3 and 3. The cathode 
6 of tube is connected to the junction of the 
element 4 and impedance 5. The grid 7 of tube 
f is connected through a capacitor 8, which pre 
Sents substantially a short circuit at radio fre 
quencies, to the end of the impedance 5 which is 
connected to the R.-F. terminal 3'. 
A Source 9 of modulating voltage in series with 

a bias Supply ?o is connected across the capacitor 
8, which constitutes substantially an open circuit 
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at the modulating frequency. 
The reactive element 4 may consist of a ca 

pacitor while the impedance 5 is a resistor 2. 
At very high frequencies the capacitor if may be 
afforded solely by the plate-cathode capacitance 
of the tube . At these frequencies the reactance 
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of the grid-cathode capacitance in tube may 
become low enough to influence the value of the 
impedance 5. Preferably, for high-frequency 
operation, an inductive element such as a high 
frequency line is connected in parallel with the 
resistor 2 to offset the capacitive reactance of 
the grid-cathode capacitance So that impedance 
5 is substantially a pure resistance. The phase 
splitting network tends to displace the radio 
frequency voltage applied to the grid 7 of the 
tube substantially 90 electrical degrees with re 
spect to the plate voltage. This phase quadra 
ture relationship is modified by the plate-cathode 
impedance of tube which varies with the ampli 
tude of the modulating voltage applied to grid T. 
Because of the interchange of the grid and cath 
ode connections, as contrasted with convention 
all circuits, the present arrangement causes the 
R. F. grid voltage to be displaced more than 90 
from the R. F. plate voltage, rather than being 
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less than 90° out of phase therewith as might 
otherwise be the case. 
The plate current flowing throughout the tube 
may be thought of as comprising two currents, 

one produced by application of the R. F. plate 
voltage irrespective of the grid voltage, with 
variable plate-cathode impedance, and the other 
being the current produced by the effect of the 
R. F. grid voltage. The real components of these 
two plate currents, that is, those components 
which are capable of producing power in Con 
junction with the applied R. F. voltage, are in 
phase opposition and tend to cancel each other. 
In other words, the reactance tube circuit tends 
to supply energy to the oscillator circuit in an 
amount which compensates for the dissipation of 
oscillator power in the reactance tube circuit. 
Actual tests of the above described invention 

have shown that the loading of the oscillator by 
the reactance tube is maintained substantially 
constant over extremely wide modulated band 
widths. The general simplicity of the circuit and 
its applicability to triode reactance tubes are es 
pecially advantageous at high frequencies. The 
Q, i. e., the ratio of reactance to resistance, of 
the phase-splitting network can be made very low 
to minimize any tendency toward parasitic oscil 
lations at possible resonant frequencies that may 
exist in the reactance tube circuit. 
While there has been described what is at 

present considered to be the preferred embodi 
ment of the present invention, it will be obvious 
to those skilled in the art that various changes 
and modifications may be made therein without 
departing from the scope of the invention. 
The invention claimed is: 
1. For use in combination with the tank cir 

cuit of a radio-frequency oscillator, a reactance 
tube circuit comprising a vacuum tube having a 
plate, a cathode and a control grid, said plate be 
ing directly connected to one side of said tank cir 
cuit, means of negligible impedance at said fre 
quency for coupling said grid to the other side of 
said tank circuit, a reactor connected acroSS Said 
plate and said cathode, an impedance connecting 
said cathode to said other side of Said tank cir 
cuit, said reactor and said impedance together 
comprising a phase-splitting network, and a 
source of modulating voltage connected across 
said grid COupling means. 

2. A reactance tube circuit for use in combi 
nation with a radio-frequency oscillator, said 
circuit comprising a two-terminal phase-splitting 
network, a vacuum tube having a plate, a cath 
ode and a control grid, said plate being connected 
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4. 
to a first terminal of said network, said grid be 
ing coupled to the second terminal of said net 
work, said Cathode being connected to an inter 
mediate point of said network, and a source of 
modulating voltage having Output terminals re 
Spectively connected to said grid and to said sec 
Ond terminal of said network. 

3. A reactance network for a high frequency 
circuit, said network comprising an electron tube 
having cathode, anode, and grid electrodes, cou 
plings from the grid and anode, respectively, to 
points of different potential on said circuit, said 
couplings having substantially like impedance at 
Said frequency, means for applying a potential to 
the cathode which is phase displaced approxi 
mately 90° with respect to the potentials applied 
to said grid and anode, and means for varying 
the transconductance of said tube. 

4. A reactance modulating network for the 
resonant circuit of a radio frequency oscillator, 
said network comprising an electron tube hav 
ing Cathode, anode, and grid electrodes, coul 
plings from the grid and anode, respectively, to 
points of different potential on said resonant 
circuit, said couplings having negligible im 
pedance to the oscillator currents, a phase-shift 
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ing circuit for applying a potential to the cath 
ode which is phase displaced approximately 90' 
with respect to the potential at the anode, and 
modulating means connected between the grid 
and cathode for varying the transconductance 
of the tube in accordance with a signal potential. 

5. A network as set forth in claim 4, wherein 
said phase-shifting circuit comprises reactive 
and resistive elements connected in series be 
tween said points, said cathode being connected 
to the junction of said elements. 

6. A reactance modulating network for the 
resonant circuit of a radio frequency oscillator, 
said network comprising an electron tube hav 
ing Cathode, anode, and grid electrodes, a cou 
pling of negligible impedance to oscillator cur 
rents from the anode to. One point on said reso 
nant circuit, a second coupling between the grid 
and another point on said circuit, a phase-shift 
ing circuit for applying a potential from said cir 
cuit to the cathode which is phase displaced ap 
proximately 90' With respect to the potential ap 
plied to the anode, and modulating means con 
nected between the grid and cathode for varying 
the transconductance of the tube in accordance 
with a signal frequency potential, the impedance 
of said second coupling being negligible to oscil 
lator currents, but high to said signal frequency 
potential. 

7. A network as set forth in claim 6, wherein 
said second coupling is a blocking condenser. 

8. A network as set forth in claim 6, wherein 
said phase-shifting circuit comprises reactive 
and resistive elements connected in series be 
tween said points, said cathode being connected 
to the junction of Said elements. 

9. A network as set forth in claim 8, wherein 
said reactive element is connected between said 
anode and Cathode, and said resistive element is 
Connected between said cathode and grid. 

10. A network as set forth in claim 6, wherein 
the Q of Said phase-shifting circuit is low. 

11. A network as set forth in claim 6, wherein 
said phase-shifting means comprises capacitative 
reactance between the anode and cathode, said 
reactance being the capacity between said anode 
and cathode electrodes. 

12. A reactance network for a high frequency 
circuit, said network comprising an electron tube 
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having cathode, anode, and grid electrodes, COU 
plings from the grid and anode, respectively, to 
points of different potential on said circuit, said 
coupings having substantially like impedance at 
said frequency, means for applying a potential 
to the cathode which is phase displaced with re 
spect to the potentials applied to said grid and 
anode, said means including a phase shifter hav 
ing a reactance and a resistance in series be 
tween said points of different potential, said re 
actance comprising the capacity between said 
anode and cathode electrodes, and means for 
varying the transconductance of said tube. 

WILLIAM R. RAMBO. 
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