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24 Claims. (Cl. 250-36) 
This invention relates to temperature com 

pensated tuned circuits and has for its principal 
object to provide an improved temperature com 
pensated tuned circuit. 
The invention is particularly adapted for use w 

in connection with oscillators and will be ide 
Scribed in connection with an oscillator. It Will, 
however, be understood that the invention is ap 
plicable to any tuned circuit associated with the 
operating circuit of a thermionic tube. . 
'When an oscillator tube is heated up, the fre 

quency of the associated tuned circuit drifts, be 
coming lower, if the tuned circuit includes in 
ductance and capacity of usual form. This drift 
may be divided into two parts, one part consist 
ing of frequency changes resulting from changes 
of parameters and characteristics of the elements 
of the tube as a result of its heating up. This 
part of the drift occurs during an appreciable time 
period in the case of tubes having indirectly 
heated cathodes, 
When a tube heats up, there is capacity change 

between any two of its electrodes because of 
change in at least three factors. As the tube 
heats up, its structural portions change size and " 
the spacing between the electrodes changes, re 
sulting in a change of inter-electrode capacity. 
When the dielectric structure within the tube. 
changes, the dielectric constant of the dielectric 
material changes to some extent and is asso 
ciated with a change in capacity between elec 
trode connections. As the tube heats up, its cath 
ode emission increases, resulting in an increase 
in electron density between electrodes and a cor 
responding change in interellectrode capacity by 
reason of this changed electron density between 
electrodes. ' ' ' ' ' 

... The other part of the drift Consists of fre 
quency changes resulting from heating up the 
other parts of the tuned circuit, for example, the 
capacitor and the inductor. The latter part of the 
drift depends upon the ambient temperature. 

: The first part which normally causes most of 
the drift, occupies about five or ten minutes, de 
pending upon the type of tube used. The other 
part of the drift may be detected for a much 
longer period, for example, 45 or 60 minutes. The 
first part corresponds to the heating up of the 
tube and the other part corresponds to the heat 
ing up of the set as a whole and particularly cor 
responds to the time necessary for the capacitor 
and the inductor of the tuned circuit to attain 
static temperature conditions. For convenience I 
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drift and the other part of the drift as the long 
term drift. . . . . . . . . . . . . ." 
-In the broadcast range, the driftissmall enough 

to be negligible. However, with high frequency 
Oscillators, for-example, Oscillators having a fre 
quency of the order of 15 megacycles, the drift re 
ferred to becomes a very serious objection. . . . 
One of the objects of the invention is to pro 

vide a simple means for correcting both initial and 
long term drift of a tuned circuit. . . . . . . 
A further object of the invention is to provide 

an improved tuned circuit associated with a 
thermionic tube which will hold its operating fre 
quency within very close limits from the initiation of and throughout its operation, 
A further object of the invention is to provide 

an improved tuned circuit in which a Combina-. 
tion of a single heater and a compensating con 
denser is arranged to correct both initial and long 
A further object is to provide animproved tuned 

circuit compensated for both initial and long 
term drift and having substantially constant fre 
quency over a wide range of heater supply volt 
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Other objects, advantages and capabilities of 
the invention will appear from the following de 
scription of a preferred embodiment taken in con 
junction with the accompanying drawing, in 
which: ... ." 

Fig. 1 is a wiring diagram of an oscillator em 
bodying my invention; and . . . . . . . 
Fig.2 is a set of curves showing the drift of an 

oscillator with respect to time for various ad 
justments of the compensating elements. . . . . 

Referring to the drawing, the reference nu 
meral Odesignates a thermionic tube. The tuned 
circuit inductance is designated if and the tuning: 
capacitance is provided by two capacitors 2 and 
t3. A single capacitor may be employed instead 
of the two capacitors 2 and 3 but for reasons 
which will hereinafter appear, I prefer to em 
ploy two capacitors in this relation. 
The two capacitors 2 and 3 have together an . 

effective capacity coefficient, which compensates 
the circuit for changes in the ambient tempera 
ture. 
necessary to determine the residual (Co) capacity of the tuned circuit, that is, the capacity other 
than that provided by the capacitors 2 and 3. 
To determine the residual capacity, I remove 

the capacitor 3 and replace the capacitor (2 
by a capacitor of known value (C1) and deter 
mine the oscillator frequency (Fi). I repeat the 

refer to the first part of the drift as the initial 55 test with a different known capacitor (C) and 

In order to provide this correction, it is 

  

  

  



2 
again determine the frequency (Fa). The re 
sidual capacity is known from the equation: 

C FC-FC 
0 re- F-F2 

Then I substitute for the capacitors f2 and 3 a. 
capacitor having a capacity. C3 (peptfarads) equal 
to the sum of the capacities of 12 and 3, this. 
capacitor having a known temperature coefficient 
of K3 upfarads per upfarad per degree centi 
grade. The temperature coefficient is considered 
negative when increase of temperature causes a 
decrease of capacity. I make two frequency de 
terminations at two different ambient tempera 
tures, allowing sufficient time for the set to at 
tain constant temperatures in both cases. From 
the two frequency determinations I find the cir 
cuit thus constituted has a drift of dif cycles per 
degree centigrade. “df' is considered to be posi 
tive if an increase of temperature produces an 
increase: of frequency, and negative if an increase 
of temperature produces a decrease of frequency. 

This drift WOuld be compensated by increasing 
the capacity . ... - . . . . ... 

chic, by 2/(gto 
per degree centigrade temperature rise. Both ca 
pacities are expressed in upfarads. If, as in most 
cases, df is negative, the capacity Co-C3 is actu 
ally reduced. Since the capacitor C3 increases 

O 

15. 

20 

25 

30 
the total capacity by CK3 per degree centigrade 
temperature rise, the total increase of capacity 
(upfarads) per degree centigrade necessary for 
correction for ambient temperature is 

All terms of this expression are known. 
"I may employ a single capacitor C3 having a 
temperature coefficient Kx such that C3Kx is equal 
to the last expression and have the circuit com 
pensated for ambient temperature. I prefer, 
however, to use two capacitors 2 and 13, the sum 
of the capacities C12 and C13 being equal to Ca 
and having temperature coefficients K12 and K13 
respectively so that . . . . 

. . . . .: - ... Cakas Ciki2--C13K13 

Thus if I find that CKx should be equal to 
-.0133 plufarad per degree centigrade temperature 
rise where C3 is 100 pupfarads, I may use as capaci 
tor 2 a ceramic capacitor having a capacity of 60 
upfarads and a coefficient of -.000155 pupifarad per 
pilfarad per degree centigrade, and I may use as 
capacitor 13 a ceramic capacitor having a ca 
pacity of 40 plufarads and having a coefficient of 
-00011 and thus have correct capacity' and cor 
rect compensation for ambient temperature. The 
temperature coefficient of the capacitor f3 may 
be selected at any value suitable for correction 
of initial drift and the temperature coefficient of 
the capacitor (2 may be selected to give the 
necessary change of capacity for correction for 
ambient temperature. Usually CKx is negative, 
but in some cases it is positive. In the latter case, 
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8 and the resistor 6 is connected in parallel 
with the heater of the tube 0 SO that both the 
heater and the resistor 6 start to heat up to 
gether when the swich 7 is closed. The lead 5 
is preferably much larger than the lead f4. 
While, of course, it will be understood that I may 
employ conductors f4 and 5 other than those 
provided by the leads of the ceramic capacitor 
3 and the heater 6, I prefer to employ the 
leads with which these elements are normally 
provided, since these devices can readily be ob 
tained with the lead of the resistor substantially 
'larger than the lead of the ceramic capacitor. 

The conductor 5 is arranged so that it serves 
as a temperature divider, that is, it is a heat con 
ductor analogous to the slide wire of a voltage di 
vider, temperature being regarded as analogous to 

In other words, I provide for a tem 
perature gradient along the conductor 5. At its 
upper end (as shown in the drawing) the tem 
perature of the conductor 5 is at a maximum. 
At its lower end the temperature is substantially 
that of the chassis 18. The chassis provides a 
considerable mass of material so that it main 
tains the lower end of the conductor. 5 substan 
tially at chassis temperature, which is substan 
tially ambient temperature. Intermediate points 
of the conductor 5 have intermediate tempera 
tures which increase from the lower to the upper 
end, as viewed in the drawing. The position of 
the point of connection 9 on the conductor fs 
determines the maximum temperature which the 
capacitor 3 attains, and the length of the rela 
tively small conductor f4 determines primarily 
the rate at which the capacitor 3 heats up when 
the Switch is closed. 
When the switch f is closed, the cathode of 

the tube 0. Warms up almost immediately and 
in a matter of five or ten minutes the elements 

'O of the tube ?o have reached static temperature 
conditions. The resistor 6 likewise heats up 
almost as quickly as the cathode. There is a 
slight lag due to the heat capacity of the mate 
rial of the conductor 5, but this lag is so small 
compared with the length of time required for 
the elements of the tube ?o to acquire their static 
temperatures, that it may be neglected altogether. 
Thus, immediately the switch. 7 is closed, the 
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point 9 of the conductor 5 heats up rather 
quickly but its static temperature is determined 
primarily by its location between the chassis 8 
and the heater 6. The lead 4, being relatively. 
Small, has a definitely limited heat transfer ca 
pacity, and since the compensating capacitor 3 
has an appreciable mass and moreover is subject. 
to loss of heat through its other conductor, there 
is a certain time lag in the heating up of the 
capacitor 3 to its static condition. Ehis lag 
corresponds to the lag of the temperature rise in 
the elements of the tube. O. The lag may be 
adjusted by changing the material of the con 
ductor 4 or its cross-sectional area. I prefer, 
however, to adjust this lag by adjusting the effec 

65 
K12 should be positive and the relation of the last 
equation should be preserved. The initial drift 
is ordinarily negative and Ki3 is correspondingly negative. 
One side of each of the capacitors 2 and 3 is 

connected to the plate of the tube 10. The other 
side of the capacitor 2 is grounded to the chassis. 
The other side of the capacitor 3 has its lead 4 
connected at a point 19 to the lead 5 of a re 
sistor 6. The lead f5 is soldered to the chassis 

0. 

75 

tive length of the conductor 14. Just as a long 
piece of resistor wire has a high resistance, so a 
relatively long conductor f4.has a high thermal 
resistance and will transfer heat more slowly 
than would a short conductor. Thus, the length 
of the lead 4 is correlated to the time lag of the 
heating of the elements of the tube 0 after the 
switch it is closed. It is to be noted that the 
conductors 4 and 5 have completely negligible 
electrical resistances. . . . . 
- The final temperature which the capacitor f3 
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will attain, depends primarily upon the position 
of the point 9 on the conductor 5. If the point 
19 is high (as viewed in the drawing), the ulti 
mate temperature of the capacitor. 3 is greater, 
and vice-versa. Movement of the point 9 up 
wardly or downwardly has a slight effect upon 
the rate of heating of the capacitor 13, but its 
effect is very slight and can normally be corrected 
by a very slight change of the length of the con 
ductor 4. . ', - ; 
The invention will more readily be understood 

by the following specific example of an Oscillator 
embodying my invention. The heater voltage is 
6 volts. The resistor f6, has a resistance of 19. 
ohms. The conductor 5 is a No. 16 wire approxi 
mately one inch long. The length of the con 
ductor 4 which is a No. 22 wire, is approximately 
one-half inch, and it is connected to the conduc 
tor 5 at a point approximately, is' from the 
heater 6. ; : ...' 

While the correct position of the point 9 and 
the correct length of the conductor 4 may be 
determined precisely by calculation on the basis 
of the thermal capacity of the capacitor 13, its 
radiation and conductive losses, its heat capacity, 
etc., it is far more convenient in practice to de 
termine the length of the conductor 4 and the 
position of the point 9 experimentally in the 
first instance. To operate in this manner, I con 
nect the lead 4 to a point 9 on the lead 5 and ; 
determine the initial drift when the switch fi is 
closed. Since the circuit has been compensated 
for ambient temperature variations, the drift, if 
any, is due exclusively to changes in the tube to 
as a result of its increase of temperature due to 
the heater. " . . . . ." 

In Fig. 2 curve A shows the drift in cycles of 
an oscillator tuned to 16 megacycles and com 
pensated for ambient temperature changes but 
not compensated for initial drift. It is to be 
noted that in the first six minutes, the frequency 
drifts lower until a total drift of about 3500 
cycles is attained, whereafter the frequency re 
mains substantially constant. 
With the circuit of Fig. 1, I may obtain a 

curve of the general type shown in curve B. It 
is here to be noted that in the first couple of 
minutes the frequency increases rapidly and then 
drops rapidly until at the end of about six min 
utes, the frequency becomes relatively constant. 
The drift of two minutes which may amount to 
about 2000 cycles, indicates that the capacitor 
3 heats up too rapidly, whereas the final drift 

of 1000 cycles indicates that the final tempera 
ture of the capacitor 3 is too high. To correct 
the curve B, I do two, things: First. I move the 
point 9 downwardly away from the heater 6 
and I lengthen the conductor 4. The first ad 
justment brings the final part of the curve down 
wardly in the manner shown in curve C and the 
other adjustment reduces the initial hump on the 
curve. The low final frequency of curve C indi 
cates that the final temperature is too low and I 
move the point 19 upwardly. At the same time 
Ireduce the initial hump on curve C by lengthen 
ing conductor 4 to a slight extent. I thus obtain 
curve D which corresponds to excellent compen 
sation since the drift is less than 500 cycles in 
16,000,000. I may, however, greatly improve the 
curve D by continued small manipulations of the 
position of the point f9 and the length of the 
conductor 4. Curve Dis, however, regarded as indicating perfect compensation for all practical 
purposes. Compensation of the nature of curve 

0 

5 

3. 
D enables an oscillator, to be turned on and . 
utilized immediately the cathode warms up to 
give immediate reception or transmission with 
drift so small as to be completely negligible. 
While I prefer to determine the correct position 

of the point 9 and the length of the conductor 
4 in this manner, it must be understood that 
when I have determined these two parameters in 
prototype. Sample, I may employ these same pa 
rameters in the assembly of any number of cir 
cuits using elements of the same characteristics. 
While there may be a slight variation in the curve 
D for Oscillators thus fabricated due to slight 
variations in the parameters of the tubes, the 
heater 6 and the capacitor 13, these variations 
tend to cancel each other in most cases and those, 
cases which are not compensated to sufficient de 
gree of accuracy, can readily be found by test and 
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corrected by slight change of position of the point 
9 and/or a slight variation in the length of the 
conductor 4. ... : - 
One remarkable attribute of my improved tuned 

circuit is that it has a very slight variation of 
frequency with change of heater supply voltage. 
Thus, with an oscillator tuned and compensated 
for a frequency of 16 megacycles in accordance 

... With the curve D. of Fig.2 and intended primarily. 
for a heater voltage of 6 volts, the frequency 
change with a heater voltage of 5 volts was --30 
cycles, the frequency change at 6% volts was -40. 
cycles, and the frequency change at 7 volts WaS 
--80 cycles. . . . '', i. 
With the heater f6 disconnected from the con 

ductor 15, the same oscillator had a total drift of . 
35 

46 

1900, cycles when the heater supply was varied 
between 5 and 7 volts. 
Consequently, my improved compensated tuned 

circuit enables me not only to provide for instant 
communication without appreciable drift immedi 
ately after the tube cathode heats up, but also 
enables me to use as the heater supply the battery 
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charging system of an automotive vehicle in which 
the voltage varies considerably, without creating 
appreciable drift due to variation of the charge 
ing or battery voltage. 

. Although the invention has been described in 
connection with the details of a specific embodi 
ment thereof, it must be understood that such 
details are not intended to be limitative of the 
invention, except in so far as set forthin the ac 
Companying claims. 

Having thus described my invention, I declare 
that what I claim is: ... 

1. A temperature compensated tuned circuit 
having capacity and inductance connected in an 
operating circuit of a thermionic tube, a member 
arranged to heat up simultaneously with the tube, 
a thermal conductor having one end connected to 
said member and the other exposed to ambient 
temperature, said capacity including a capacitor 
having a negative temperature coefficient, and a 
thermal conductor thermally connected to said 
capacitor and to an intermediate point on first 
said conductor. 

2. A temperature compensated tuned circuit 
having capacity and inductance connected in an 
operating circuit of a thermionic tube, a heater, 
means for supplying energy simultaneously to said 
heater and to the heater of the tube, a thermal 
conductor connected to said heater and to the 
chassis, said capacity including a capacitor having 
a negative temperature coefficient, and a second 
thermal conductor connected between said ca 
pacitor, and an intermediate point on first said 
thermal conductor, 

  



4. 
having capacity and inductance connected in an 
operating circuit. of a thermionic tube, a member 
arranged to heat up simultaneously with the tube, 
a thermal conductor having one end connected 
to said member and the other exposed to ambient 
temperature, said capacity including a capacitor 
having a negative temperature coefficient, and a 
thermal conductor having a relatively high ther 
mal resistance connected between said capacitor 
and a point along first said thermal conductor. 

4. A temperature compensated tuned circuit 
having capacity and inductance connected in an 
operative circuit of , a, thermionic tube, a heater, 
means for supplying energy simultaneously to said 
heater and to the heater of the tube, a thermal 
conductor, connected to first said heater and to the 
chassis, said capacity including a capacitor having 
a temperature coefficient adapted to correct fre 
quency drift due to heating up of the tube, and a 
second thermal conductor connected to said ca 
pacitor and to an intermediate point on first said 
thermal conductOr. : 

5. A temperature compensated tuned circuit 
connected to a thermionic tube, a heater resistor, 
a thermal conductor extending from said resistor, 
switch controlled means for supplying energy to 
the heater of the tube and to the Said resistor, 
said tuned circuit including a capacitor having a 
temperature coefficient of magnitude and sign to 

2,871,790 
3. A temperature compensated tuned circuit 

s 

10 

5 

20 

25 

30 
compensate for drift of frequency resulting from 
change of ambient temperature, and a thermal 
conductor connected to said capacitor and to an 
intermediate point of first said thermal conductor, 
the point of connection being located to control 
the supply and rate of supply of heat from said 
heater resistor to said capacitor to compensate for 
frequency drift resulting from heating up of the 
tube. 

6. In an oscillator comprising a thermionic tube 
and a tuned circuit including capacitor means and 
inductor means connected to the tube, in con 
bination, a resistorheater connected to the heater 
supply of the tube so that said heaters warm up 
together, a thermal conductor extending from 
said resistor heater to be Warned up thereby, said 
conductor being arranged to establish a tempera. 
ture gradient therealong, said capacitor means 
including a capacitor having a negative tempera 
ture coefficient, and a Second thermal condlactor 
connected to Said capacitor and to, an internedi 
ate point on first said thermal conductor. 

7. In an Oscillator comprising a thermionic 
tube and a tuned circuit including capacitor 
means and inductor means connected to the tube, 
in combination, a resistor heater connected to 
the heater supply of the tube so that said heaters 
Warm up together, a thermal conductor extenda 
ing from said resistor heater to be warmed up 
thereby, said conductor being arranged to es 
tablish a temperature gradient therealong, said 
capacitor means including a capacitor having a 
negative temperature coefficient of sufficient mag 
nitude to compensate for frequency drift of the 
circuit with change of ambient temperature, and 
a Second thermal conductor connected to said 
capacitor and to an intermediate point on first 
said thermal conductor, the point of connection 
of Said thermal conductors being located to effect 
heating up of the capacitor to a degree sufficient 
to compensate for frequency drift due to the 
heating up of the tube elements, and the effec 
tive length of the Second thernal conductor be 
ing arranged to provide heat resistance sufficient 
to limit the rate of heating up of the capacitor 
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to align substantially the change of capacity. Of 
the capacitor with the change of the character 
istics of the tube: during the tube heating period. 

8. A temperature compensated tuned circuit 
comprising a pair of capacitors and inductor. 
means connected in an operating circuit of a 
thermionic tube, said capacitors having tempera 
ture coefficients of magnitude and sign to Com 
pensate for frequency: drift due to change of an 
bient temperature, a heater, means for supplying 
'energy simultaneously to said: heater and to the 
heater of the tube, a thermal conductor con 
nected to said heater and arranged to establish 
a temperature:gradient therealong, and a second 
thermal conductor connected to one of said ca 
pacitors, and to an intermediate point on first 
said thermal conductor, last said capacitor hav 
ing a temperature coefficient of sign tending with 
increase of temperature of the capacitor to com 
pensate for frequency drift due to heating up of 
the tube, the point of connection between said 
thermal conductors being arranged to supply 
heat to last Said capacitor at a rate and to an 
extent to compensate for drift of frequency due 
to heating up of the tube. ... ." 

9. A temperature compensated tuned circuit 
comprising a capacitor and inductor connected 
in an operating circuit of a thermionic tube, a 
heater, a Source of variable voltage, switch means 
for simultaneously connecting said source to said 
heater and to the heater of the tube, a thermal 
conductor connected to first said heater and ar 
ranged to establish a temperature gradient there 
along, said capacitor...having a temperature co 
efficient adapted to correct frequency drift due to 
heating up of the tube, and a second thermal 
conductor connected to said capacitor and to 
an intermediate point on first said thermal con 
ductor, the point of connection being arranged 
to supply heat, to said capacitor at a rate and 
to a final capacitor temperature whereby the 
change of capacity of the capacitor compensates 
E. the frequency drift due to heating up of the 
ube. - . . . 

10. A temperature compensated tuned circuit 
comprising a capacitor and inductor connected 
in an operating circuit of athermionic tubehav 
ing an indirectly heated cathode, a heater resis 
tor, means for supplying, current simultaneously 
to the heater of the tube and to said heater re 
Sistor, a thermal conductor connected to first 
said heater and arranged to establish a tempera 
ture gradient therealong, said capacitor having 
a temperature coefficient adapted to correct fre 
quency drift due to heating up of the tube, and 
a second thermal conductor connected to said 
capacitor and to an intermediate point on first 
said thermal conductor. 

11. A temperature compensated tuned circuit 
comprising a capacitor and inductor connected 
in an operating circuit of a thermionic tube hav 
ing a predetermined rate of temperature rise 
upon energization, said capacitor and inductor 
having a Smaller predetermined rate of tempera 
ture rise than said tube upon energization of said 
tube, Said capacitor having a temperature co 
efficient of capacity change such that its tem 
perature variation tends to compensate for fre 
quency. Change due to a temperature variation 
in the same direction' of said tube and induct 
ance, means for generating heat, upon energiza 
tion of Said tube, a heat conducting path for the 
continuous flow of heat from said heat generat 
ing means, means for transferring. heat from a 
point intermediate the entis of said heat con 
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ducting path to said capacitor, said point being 
so chosen that said capacitor attains a final equi 
librium temperature of such magnitude as to 
correlate the operating condition of said tube, 
capacitor, and inductor after they reach a con 
stant temperature, said heat transferring means 
having such a characteristic that the rate of heat 
flow to said capacitor is at a rate such that the 
correlated operating condition of Said tube, ca 
pacitor, and inductor is constant during their 

I heating as well as after reaching equilibrium, 
12. A temperaturer compensated tuned circuit 

having capacity and inductance and including a 
reactive element having a negative temperature 
coefficient, connected in an operating circuit of 
a thermionic tube, a member arranged to heat up 
simultaneously with the tube, a thermal conduc 
tor having one end connected to said member 
and the other exposed to ambient temperature, 
and a thermal conductor thermally connected to 
said reactive element and to an intermediate 
point On first said conductor. . . . . . . 

13. A temperature compensated tuned circuit. 
connected to a thermionic tube, a heater resistor, 
a thermal conductor extending from Said resistor, 
switch control means for supplying energy to the 
heater of the tube and to said resistor, said tuned 
circuit including a reactive element having a 
temperature coefficient of magnitude and sign 
to compensate for drift of frequency resulting 
from change of ambient temperature, and a 
thermal conductor connected to said reactive ele 
ment and to an intermediate point of first said 
thermal conductor, the point of connection being 
located to control the Supply and rate of supply 
of heat from said heater resistor to said reactive 
element to compensate for frequency drift re 
sulting from heating up of the tube. 

14. A temperature compensating arrangement 
for an electron discharge device having a heated 
electron emitting electrode and a cold electrode, 
comprising a reactance connected between said 
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electrodes, the capacity between said electrodes, 
being subject to change upon change in ambient 45 
temperature and change in temperature of said 
heated electrode, a source of heat arranged to 
heat up simultaneously with said heated elec 
trode, a heat conducting path for the continuous 
flow of heat from said heat source, means for 
transferring heat from a point intermediate the 
ends of said heat conducting path to said re 
actance, said point being so chosen that said re 
actance attains a final equilibrium temperature 
of Such magnitude that the change in capacity 

conducting path to said reactance, said point 
, being so... chosen that said, reactance attains a 
final equilibrium temperature of such magnitude 
that the change in capacity between said elec 
trodes with temperature is substantially compen 
sated, said heat transferring means having such 
a characteristic that heatflows to said reactance 
from said resistor at a rate such that heating of 
said reactance: causes it substantially to compen 
sate for capacity change between said electrodes 
during initial heating of said heated electrode. ... 

16. A temperature compensating arrangement 
for an electron discharge device. Comprising a 
reactance connected in an operating circuit of 
the device, a heater arranged to heat up upon 
energization of the device, a first thermal con 
ductor having one end connected to said heater 
and the other exposed to ambient temperature, 
and a second thermal conductor thermally conse ". 
nected between said reactance and an interme 
diate point on said first thermal conductor, said 
reactance having a temperature coefficient of re 
actance change adapted to compensate for the 
long term reactance change of said electron dis 
charge device due to the change of ambient tem 
perature and also for the initial reactance change 
due to the heating up of the device. s: 

17. A temperature compensating arrangement, 
for an electron discharge device comprising a 
reactance connected in an operating circuit of 
the device, a heater arranged to heat up upon 
energization of the device, a first thermal con 
ductor having one end connected to said heater 
and the other exposed to ambient temperature, 
and a second thermal conductor connected be: 
tween said reactance and an intermediate point 
on said first thermal conductor, said reactanee having a temperature coefficient of reactance 
change adapted to compensate for the long-term 
reactance change of said electron discharge device 
due to change of ambient temperature and the 
point of connection of said second thermal con 
ductor to said first thermal conductor being lo-. cated to control the degree of temperature change 
of said reactance resulting from the heating up 
of said electron discharge device to compensate 
heating. for initial reactance changeres ting from said 

18. A temperature compensating arrangement 
for an electron discharge device comprising a 
reactance connected in the operating circuit of 
the device, a heater arranged to heat up upon 

55 
between Said electrodes with temperature is sub- . 
stantially compensated, said heat transferring 
means having Such a characteristic that heat 
flows to said reactance from said heat source at 
a rate. Such that heating of Said reactance causes 
it substantially to compensate for capacity change 
between said electrodes during initial heating of 
said heated electrode. 

i5. A temperature compensating arrangement 
for an electron discharge device having a heated 
electron emitting electrode and a cold electrode, 
comprising a reactance connected between said 

SO 

energization of the device, a first thermal con 
ductor having one end connected to said heater 
and the other exposed to ambient temperature, 
and a second thermal conductor thermally con 
nected between said reactance and an interme 
diate point on said first thermal conductor, Said 
reactance having a temperature coefficient of re 
actance change adapted to compensate for the 
long term reactance change of said electron dis 

5 

electrodes, the capacity between said electrodes 
being subject to change upon change in ambient 
temperature and change in temperature of said 
heated electrode, a resistor arranged to heat up 
simultaneously with said heated electrode, a heat. 
conducting path for the continuous flow of heat 
from said resistor, means for transferring heat 
from a point intermediate the ends of said heat 

O 

charge device due to the change of ambient tem 
perature, the effective length of said second ther 
mal conductor being arranged to provide heat 
resistance sufficient to limit the rate of heating 
up of said reactance to aline substantially the 
reactance change of the reactance with the re 
actance change of the electron discharge device 
due to change of the parameters and character 
istics of said device during its heating period. 

19. A temperature compensating arrangement 
for an electron discharge device comprising a 
reactance connected in an operating circuit of 
the device, a heater arranged to heat up upon 
energization of said device, a chassis upon which 
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said discharge device is, mounted, a first thermal 
conductor having one end connected to said 
heater and the other end.connected to said chas 
sis, whereby said:other endis; exposed to ambient 
temperature, and a: second thermal conductor 
thermally connected between said reactance and 

. . an intermediate point on said first thermal con 
ductor, said reactance having a temperature co 
efficient of reactance change adapted to compen 
sate for the longtern reactance change of said 
electron discharge device: due to the change of 
ambient: temperature: and also for the initial 
reactance. change: due to the heating up of the 
device, r - 

20. In a radio system arranged to maintain a 
characteristic. of such system responsive to tem 
perature changes in a predetermined manner, the 
combination of a source of heat produced in re 
sponse: to operation of the system, a temperature 
divider having: one:end in thermal contact with 
said heat sourcefforthe; flow, of heat therefrom, 
an impedance... element connected, electrically in 
said. System, and having...impedance changeable 
with temperature in such a manner as to affect, a 
characteristic of said system in a predetermined 
manner, and a heat conductor of predetermined 
characteristics, disposed between a point inter 
mediate; the ends of said divider and said in 
pedance and arranged to transfer heat at such a 
rate from said point.to said impedance, element 
that the element is maintained at a substantially 
constant-operating temperature insteady opera 
tion of the System at a constant ambient tempera 

O 
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ing ...low electrical resistance: whereby said: ca 
pacitor is: electrically connected to the chassis 
therethrough... . . . . ." 

22. A. temperature' compensated tuned circuit 
having capacity and inductance, connected in an 

; Operating circuit of athermionic tube, a member 
Jarranged to heat up simultaneously with the tube, 
a Second member subject to temperature change 
in response: to change in ambient temperature, a 
thermal conductor connected between Said men 
bers for the flow of heat therebetween, said ca 
pacity including a capacitor having a negative 
temperature Coefficient, and athermal conductor 
thermally connected; to Said, capacitor and to an 
intermediate-point on said first conductor. . . 

23. A: temperature, compensated tuned circuit 
having capacity and inductance: connected in an 
-Operating circuit of a; thermionic tube, a member 
arranged to heat up simultaneously, with the tube, 
a second member subject to. temperature change 
in response: to change in ambient temperature, a 
thermal conductor connected between said mem 
bers for the flow of heat.therebetween, said ca 
pacity including a capacitor having a negative 

ture. and, at such varying, temperatures in tran 
sient operation of the system. as to. maintain a 
substantially, constant operating condition of said 
system at a constant ambient temperature. 
21. A temperature compensated tuned circuit 

having capacity, and inductance connected in an 
operating, circuit. ofathermionic tubehaving a 
heater, a chassis, a heat source, means...for sup 
plying energy, simultaneously to said heat source 
and to the heater of the tube, a thermal con 
ductor connected to said heat source and to the 
chassis, Said capacity including a capacitor hav. 
ing a negative temperature coefficient, and a sec 
ond thermal conductor connected, between said 
capacitor and an intermediate point on said first 
thermal conductor, said thermal conductors hav 
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temperature coefficient, and athermal conductor 
thernally connected to said, capacitor and to an 
intermediate point on said first conductor, said 
thermal conductors having low electrical resist 
ance: whereby said, capacitor is...electrically con 
nected to the second member therethrough. 

24. In apparatus for controlling electrical op 
eration of a radio system subject to varying op 
erating conditions in response to varying tem 
peratures, said system including a compensating 
temperature responsive. impedance, element, the 
combination.comprising means for producing heat 
simultaneously withi. operation of the system; a 
metallic connection having resistance to the flow 
of heat, means for transferring, heat from said 
heat producing, means through said metallic con 
nection. whereby, a temperature gradient is pro 
duced therealong, and means.including a second 
metallic connection for transferring heat from a 
points intermediate, the end of said first metallic 
connection to said compensating element at a pre 
determined rate such...that a compensating effect 
is produced on said system to reduce the effect 
of temperature-change. ... -8 

- JOEN EBEL. 


