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My invention relates to electron discharge de 
vices and more particularly to such devices useful 
in Oscillators. - r During operation of an electron discharge de 
vice changes in temperature of the tube elements 
occur, particularly during the warm-up period. 
This results in changes in spacing between the 
various electrodes and thus also causes a change 
in the interelectrode capacities. Particularly 
when the device may be used in an oscillator, 
these capacity changes cause a shift in the fre 
quency of Operation of the oscillator, resulting 
in instability which may be quite pronounced at 
the higher frequencies. . . . . 
In the past, efforts have been made to com 

pensate for these changes due to thermal expan 
Sion and contraction of the tube elements by the 
use of bimetallic strips attached to the tube ele 
ments or adjacent the tube elements. However, 
all of these arrangements are subject to the fault 
that a considerable time lag exists between the 
increase or decrease of the interellectrode capacity 
resulting from the change in temperature of the 
tube elements when the power dissipated by the 
tube elements varies and the following capacity 
Compensation. 

It is, therefore, a principal object of my inven 
tion to provide an electron discharge device of 
improved design particularly useful as an oscil 
lator. 
Another object of my invention is to provide 

an electron discharge device which has stable 
Operating characteristics under varying operat 
ing temperature conditions. 
More specifically it is an object of my invention 

to provide such a device in which the interellec 
trode capacity changes due to thermal expansion 
and Contraction of the electrode elements are 
automatically compensated for within the device. 

It is a further object of my invention to provide 
Such a device in which automatic compensation 
is provided and in which the time lag is elimi 
nated or Substantially eliminated. - . . . 
The novel features which I believe to be chair 

acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference 
to the following description taken in connection 
With the accompanying drawings in Which Fig 
ure 1 is a side view with parts broken away, show 
ing details of construction of one form of an 

ing to my invention with parts broken away 
showing details of construction, Figure 4 is a sec 
tion taken along the line 4-4 of Figure 3, Figure 5 
is a still further modification of an electron dis 
charge device made according to my invention, 
and Figure 6 is a graph showing change in fre 
quency with respect to change in electrode spac 
ings of different types of tubes including those 
made according to my invention. 
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In Figure 1 an electron discharge device made 
according to my invention includes the usual 
evacuated envelope fo, base and base pins 2. 
The mount assembly includes the indirectly 
heated cathode 3 surrounded by grid 4 having 
side rods 5 and 6, and the anode 7, these elec 
trodes being mounted between insulating spacer 
members 8 and 9. 

In accordance with my invention I mount at 
the upper end of the cathode 3 a rod-like exten 
sion and Support wire 20, which could be an ex 
tension of the cathode sleeve, and a further ex 
tension 2 supporting one condenser plate 22. 
Attached to the side rod 5 of the grid is an exten 
Sion and Support Wire 23 Supporting the condenser 
plate 24 having an aperture 25 through which the 
support wire 2 extends. The cathode, grid and 
anode are all fixed to the bottom mica 19 but the 
Cathode and grid are free to move relative to the 
upper mica plate 8 due to the loose fit between 
the cathode extension 20 and the side rods 15 and 
6 of the grid. 
If now the temperature of the grid electrode 

increases So as to cause expansion both radially 
and longitudinally, the grid will move away from 
the cathode surface thereby decreasing the cath 
Ode-grid capacity. However, due to the longi 
tudinal expansion of the grid, the plate 24 is 
moved closer to the plate 22 thereby increasing 
the capacity between these two plates. The ca 
pacity of the plates is in parallel with the grid 
cathode capacity and hence compensates for the 
decrease in interelectrode capacity. Thus there 
is automatic and instant compensation for varia 
tions in interelectrode capacity. It may be neces 
sary under some conditions to have the grid side 
rods and the mesh of different metals to insure 
uniform heating and expansion of the grid as a 
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electron discharge device made according to my 
invention, Figure 2 is a section taken along the 
line 2-2 of Figure 1, Figure 3 shows a modifica 

whole. 
On the other hand if the cathode expands 

radially and longitudinally due to temperature 
changes, the grid-cathode capacity increases due 
to the cathode surface moving closer to the grid. 
But the cathode expands longitudinally, moving 
plate 22 away from plate 24, thus decreasing the 

tion of an electron discharge device made accord- 55 capacity and compensating for the increase in 



2 
grid-cathode capacity. The compensation is 
always instantaneous in this case. 
In the modification shown in Figure 3 like nu 

merals indicate like elements as in Figure 1. In 
this form, however, anode side rods 30 and 3 
support at their upper end a condenser plate 32 
provided with apertures 33, 34 and 35 through 
which the grid side rods 5 and 6 extend and the 
extension 2 on the cathode. In this case it may 
in general be best to use grid Side rods having a 
different coefficient of expansion from that of 
the mesh Wire. The use of metals having a Spe 
cific coefficient of expansion may sometimes be 
necessary for the cathode and plate also. 
The operation. With respect to the Cathode and 

grid in Figure 3 is identical to the operation that 
occurs in the form of my invention shown in 
Figure 1. Additional compensation is provided, 
however, by the addition of the anode-condenser 
plate. ASSunning that the grid expands due to 
changes in temperature so that the grid moves 
closer to the anode, the capacity between the grid 
and anode changes and increases. However, due 
to the longitudinal expansion of the grid, the 
grid-condenser plate 24 is moved away from the 
anode-condenser plate 32, decreasing the capacity 
between the plates and thereby compensating 
for the change in spacing between the grid and 
anode. With the arrangement shown in Figure 
3 automatic compensation is provided between 
any two electrodes which move toward or from 
each other in a radial direction due to tempera 
ture changes independently of or simultaneously 
with the changes in dimensions of any of the other 
electrodes due to temperature changes. 

In the form of my invention shown in Figure 
5 a different arrangement of the electrode ele 
ments and condenser plate elements is provided. 
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Here again like numerals indicate like parts 
shown in Figures 1 and 2. This design may be 
made to work regardless of the coefficient of ex 
pansion of the different parts but mechanically 
is more complicated than that shown in Figure 3. 
A cathode 3 is provided with an upper ex 

tension supporting condenser plate 3 and has 
mounted in its lower end and Supported by the 
cathode extension 3 the condenser plate 38. 
The grid side rods support several plates includ 
ing plates 40, 4i, 33, 49 mounted on extensions on 
the grid Side rods 5 and 6. The anode side 
rods 45 and 46 support the condenser plates 47 
and 48. In the arrangement shown the grid is 
fixed to the top mica, but free to expand iongi 
tudinally down Ward. The anode and cathode are 
fixed to the lower mica and free to expand longi 
tudinally upward. 
In this arrangement, as in the arrangement 

shown in Figures 2 and 3, compensation between 
different electrodes where only one electrode may 
expand at a time Will still be compensated for 
independently of any other elements. For ex 
ample, if the cathode 3 becomes heated and ex 
pands radially and longitudinally the condenser 
plate 37 moves away from the condenser plate 48 
of the grid to compensate for the decrease in the 
grid-cathode Spacing. On the other hand, if the 
grid expands, compensation is provided for by 
means of the plates 38 and 49. That is, if the 
grid expands radially and longitudinally the spac 
ing between it and the cathode increases reduc 
ing the interellectrode capacity. However, plates 
38 and 49 move closer to each other, increasing 
their capacity and thus Compensating for the 
cathode-grid capacity change. Inasmuch as the 
grid moves closer to the anode, the grid-anode 
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capacity increases. However, plates 4 and 48 
move away from each other and automatically 
compensate for the increase in anode-grid ca 
pacity. 

If on the other hand the plate expands, due 
to some temperature change, its diameter in 
creases causing it to move away from the grid 
and cathode, decreasing the anode-grid capacity. 
Since the anode expands longitudinally, how 
ever, the plates 4 and 43 are brought closer 
to each other, increasing the capacity therebe 
tween and compensating for the decrease in the 
anode-grid capacity. Thus, all independent Wari 
ations of the different electrodes are automat 
ically compensated for. 
In tubes which have actually been constructed 

incorporating my invention, it has been possible 
to substantially completely compensate for inter 
electrode capacity changes. 
In Figure 6 I show the graphs representing 

tests on a tube with compensation applied as in 
Figure 1, and show the results in frequency drift 
in five megacycle oscillators produced by cath 
ode and grid expansion due to variations in cath 
ode heater voltage. The solid line curve 50 shows 
the result of an under-compensated tube while 
the curve 52 shows the result of an over-compen 
sated tube. The curves represent the change in 
frequency with respect to change in cathode heat 
er voltage and hence temperature changes of the 
electrode elements. Curve 54 represents the char 
acteristic of a conventional uncompensated tube. 
The dotted curves 5 and 53 represent the limits 
of error within which measurements could be 
made to show clearly the exact compensation 
possible with proper compensation afforded by 
the construction shown in Figure i. All Curves 
except 54 are based on actual data taken On a 
tube made according to my invention as described 
in Figure i. 
While I have indicated the preferred embodi 

ments of my invention of which I am noW aWare 
and have also indicated only one specific appli 
cation for which my invention may be employed, 
it will be apparent that my invention is by no 
means limited to the exact forms illustrated or 
the use indicated, but that many variations may 
be made in the particular structure used and the 
purpose for which it is employed without depart 
ing from the scope of my invention as Set forth 
in the appended claims. 
What I claim as new is: . - 
1. An electron discharge device having a 

cathode, a grid and an anode, said cathode, grid 
and anode being relatively movable longitudinally 
in response to temperature changes, and a con 
denser plate mounted on said cathode, and an 
other condenser plate mounted on said grid, said 
plates having relative movement. With respect to 
each other upon relative longitudinal movement 
of the cathode and grid in response to tempera 
ture changes in said cathode and grid. . . . 

2. An electron discharge device having a 
cathode, a grid and an anode, said cathode, grid 
and anode being relatively movable longitudinally 
in response to temperature changes, a first con 
denser plate mounted on one end of and con 
nected to Said cathode, and a second condenser 
plate registering. With Said first condenser plate 
and mounted on said grid adjacent the first plate, 
Said plates having relative movement With re 
spect to each other upon-relative longitudinal 
movement of said cathode and grid in response 
to temperature. changes in said cathode and grid. 

3. An electron discharge device having a 
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cathode electrode, grid electrode and anode elec 
trode, said cathode, grid and anode electrodes 
being relatively movable longitudinally in re 
sponse to temperature changes, and a condenser 
plate mounted on one of the electrodes, and a Sec 
ond condenser plate mounted on another of said 
electrodes, said condenser plates having relative 
movement with respect to each other upon rel 
ative longitudinal movement in response to ten 
perature changes of the electrodes supporting 
said condenser plates. . . . 

4. An electron discharge device having a 
cathode electrode, grid electrode and an anode 
electrode coaxial with each other, said electrodes 
having relative longitudinal movement in re 
sponse to temperature changes, a first condenser 
plate mounted on One end of one of said electrodes, 
and a second condenser plate mounted on one end 
of another of said electrodes and adjacent the 
first condenser plate whereby said condenser 
plates may have relative movement with respect 
to each other to vary the capacity therebetween 
upon relative longitudinal movement in response 
to temperature changes of the electrodes support 
ing said condenser plates to compensate for 
changes in interellectrode capacities. 

5. An electron discharge device having a 
Cathode, grid and anode coaxial. With each other, 
said cathode, grid and anode having relative lon 
gitudinal movement in response to temperature 
changes, a first condenser plate mounted on one 
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end of said grid, and a second condenser plate 
mounted on one end of said anode and adjacent 
the first condenser plate whereby said condenser 
plates may have relative movement with respect 
to each other upon relative longitudinal move 
ment in response to temperature changes of said 
grid and anode. 

6. An electron discharge device having a 
cathode electrode, grid electrode and anode elec 
trode coaxial with each other, said electrodes 
having relative longitudinal movement in re 
sponse to temperature changes, a condenser plate 
mounted on One end of each of said electrodes and 
adjacent each other in spaced registering relation 
ship, Whereby said condenser plates may have 
relative movement with respect to each other 
upon relative longitudinal movement in response 
to temperature changes of said electrodes, 
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7. An electron discharge device including a 

linear indirectly heated cathode, a grid surround 
ing said cathode, and an anode surrounding said 
cathode and grid, said cathode, grid and anode 
being fixed at one end and free to move longi 
tudinally at the other end upon expansion and 
contraction in response to temperature changes, 
a condenser plate mounted at the free end of 
said cathode and a second condenser plate 
mounted at the free end of said grid, said con 
denser plates registering with each other and 
having relative longitudinal movement in re 
sponse to the relative longitudinal movement of 
said cathode and grid due to thermal expansion 
and contraction of said cathode and grid in re 
sponse to temperature changes. 

8. An electron discharge device having a 
linear indirectly heated cathode electrode, a grid 
electrode having a side rod and surrounding Said 
cathode, and an anode electrode surrounding said 
cathode and grid, a condenser plate mounted at 
one end of said cathode, a condenser plate 
mounted at each end of said grid side rod, and a 
condenser plate connected to one end of said 
anode, each condenser plate registering with a 
plate on one of the other electrodes and having 
relative longitudinal movement with respect to 
each other upon relative expansion and contrac 
tion longitudinally of said cathode, grid and anode 
electrodes. 

9. An electron discharge device having a lin 
ear indirectly heated cathode, a grid having side 
rods surrounding said cathode, and an anode Sur 
rounding said cathode and grid, the cathode, 
grid and anode being fixed at One end against 
longitudinal movement and free to move longitu 
dinally at the other end in response to expansion 
and contraction due to temperature changes, a 
condenser plate carried by the free end of the 
cathode, a second condenser plate registering with 
the first condenser plate and carried by said side 
rods at the free end of said grid, and a third con 
denser plate carried by the free end of said anode, 
said condenser plates being spaced in registering 
relationship and having relative longitudinal 
movement with respect to each other upon ex 
pansion and contraction of the cathode, grid and 
anode. 

wARREN R. FERRIS. 


