March 20, 1945. J. F. BELL o 2,371,790

TEMPERATURE COMPENSATED TUNED CIRCUIT
Filed Aug. 17, 1942

DRIFT-IN CYCLES, AT 16 Mc.

/2. “ \
4 }é Vo A
4 79
contEn
|— 75 =
_— / 78 . \
= /\ HEATER SUPPLY
TEMPERA TUREC 6,7 :
DIVIDER '
B+
3000+
2000+
1000 +
0
~1000
-2000+
3000+

T T i

i 2 5 6 8

3 4 7
TIME - MINUTES AFTER TURNING HEATER SUPPLY ON

btore F Betd,

% Cl FootVeor it

Jm




Patented Mar 20, 1945

UNITED STATES

PATENT OFFlCE

2, 371 790
TEMPERATURE(?OMPENSAIED TUNED

CUIT

John F. Bell, Chicago, Ill assignor to Zenith
Radio Corporation, Chicago, I, a corporation

" of Tllinois

Apphcation August 17 1942, Serial No. 455 140

. ) 24 Clauns

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
in ;connection with oscillators and- will be .de-
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-
gqueney 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 havmg mdirectly
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-
éiated with a change in' capacity between -elec~
trode connections. As thetube heats up, its cath-
ode emission increases, resulting in an increase
inn electron density- between electrodes and a-cor-
responding change in -interelectrode capacity by
reason of this changed eiectron 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
capac1tor 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
ilonger period, for example: 45 or 60 minutes. The
first- part-corresponds to the:heating up of the
tube and the other part correspondsto the heat-

ing up of the set as'a whole and particularly cor-

‘résponds 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 drift is small enough
to be negligible, However, with high frequency

5 oscillators, for-example, oscillators having a fre-

quency of the order of 15 megacycles, the drift re-

ferred to becomes g very serious objection.
One of the objects of the inventionisto’ pro-

vide a simple means for correcting both initial and

- 10 long term drift of a tuned circuit.

YAH‘further object of the invention is to providej :
an’ improved . tuned circuit’ associated’ with ‘a
thermionic ‘tube which will hold its operating fre-

quency within very clos¢ limits from’ the imtiation

A8 of and throughout its eperation,
A further object of the invention is to provide S

an improved tuned circuit in which g combina-
tion of a single heater and a compensating con-
denser is arranged to correct both initial and long

20 term drift.

A further object is to provide an improved tuned
‘circuit compensated for . both initial and:long
term drift and having substantialiy constant fre~
quency over a wide range, of heater supply volt-

25 age.

*'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

80 which:

‘ Fig, 1is.a wmng diagram of. an. oscillator em-
bodymg my invention; and -

Fig. 2 is a set-of eurves showing the drift of an
oscillator with respect to time  for various ad-

35 Justments of the compensating elements. .

- ..Referring to the drawing, the reference nu-
meral 10 designates a thermionic tube. The tuned
circuit inductance is de51gnated 1 and the tuning:
capacitance is provided by two capacitors 12 and

A single -capacitor may be employed instead

of the two capacitors 12. and 43 but for reasons

which will hereinafter appear, I prefer to em-
ploy two capacitors in this relation ‘
.. The two capacitors. 12 and 13 have together an .

45 eﬁective ‘capacity coefficient. which compensates

the circuit for changes in the ambient tempera-
ture.
necessary to determme the residual (Co). capacity
fof the tuned circuit, that is, the capamty other

50 than that provided by the capacitors 12 and 13,

To. determine  the, Tesidual. capacity, I remove
the capacitor i3 and. replace the. capacitor 12
by 4 capacitor of known value (Ci) and- deter-
mine the oscillator, frequency (F4). I repeat the

sefer to. the first part of the drift as the initial 55 test with -a diﬁerent known capacitor (Ca) and

In order to provide ‘this  correction, it is- .
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again determine the frequency (Fa). The re-
sidual_ capacity is known from the equation:
F 2202—' F 12 Cl

FpeFg2

Then I substitute for the capacitors 12 and 13 a
capacitor having a. capacity Ca (/mfarads) equal

Co=

to the sim of the capacities of 12 -and 13, this

capacitor having a ‘known temperatire coefficient
of Kz pufarads per wufarad 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 ‘§ét: to ate
tain constant temperatures‘in both caseés. ‘From
the {wo.frequency determinations I find the cir-
cuit thus constituted has a drift:of df tycles pey
degree centigrade.
tive if an increase of temperature prodiices ‘an
increase:of frequency, and negative if an:increase
of temperature produces a decrease of frequency
. . This drift would be compensated by mcreasmg
the capacity

per degree cenhgrade temperature rise, Both ca~
pHcities are: éxpressed in wifarads. If,ag in ‘most
cdses, df 1s tiegative, the capacity Co+Cs is actu-
ally. reduced. ' Sirice the capgcitor ‘Cs increases

10
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18 and the resistor 16 is connected .in parallel
with the heater of the tube (0 so that both the
heater and the resistor 18 start to heat up to-
gether when the swich 1T is closed. - The lead (5
is preferably much lgrger  than- the lead - 14.
While, of course, it will be understood that I may
employ conductors {4 and 15 other than those
provided by the leads of the .ceramic capacitor
{3 and the Heater 16, 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

‘‘1arger than the lead of the ceramic capacitor,

15

“df” is-considered to be posi-

20
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the total capaeity by CiKs per degree eentigrade

temperature Tise, the ‘total increase of capacity
(uitarads) per degree centigrade necessary for
. éorrection for amblent ‘temperature s

f

All ‘terms of’ thlS expression are known.
“Ymay émploy 2 ‘single capacitor €z having ‘a
temperature coefficient Kx such that CsKx is equal

to the last ‘expréssion and have the circuit ¢om-

pensated for ambient temperature, I prefer,
. however, to use two capacitors 12°and 13, the sum
of ‘the ‘capacities Ci2 and Ciz ‘being” equal 16 'Cs
and having temperature coemments Ku and sz
: respectively 50 that

Csz:r::ClzKlz-l-CmKls

“Thus’ 1f I fing “that “CiRx should be equal ‘to
—.0133 /.mfarad per degree centigrade temperature
rise where Cyis 100 pifarads, T may use as capaci-
tor 12 a ceramic capacitor-having a capacity 6t 60
uufaratis ‘and 5 coefficient of «=.000155 pafarad per

mifarad per degreée centigrade, and T gy ‘use as
capacitor 13 ‘a 'ceramic capacitor ‘having ‘& ca-
patity of 40 uufarads-and having a coefficient of

=~00011 and ‘thus have eorrect capacity and cor-

reéct compensation for ambient temperature. The
temperature coefficient ‘'of the capacitor 13 ‘may
be Selected at any value suitable for eorrection
- of initial drift and the temperature coefficient of
the -capacitor "12- may - be ‘selected ‘to give the
necessary charnge ‘of ‘capacity for cotrection for
ambient temperature “Usually ‘C3¥x 'is negative,
but i sotne cases it is positive.’ In the lattercase,

HVoltage

- The conductor 5 is arranged so that. it serves

-a87a temperature divider, that is, it is a heat con-
“ductor anslogoiis 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 15, At its
upper end (as shown in the drawing) the tem-
perature of the conductor 15 .is:at a maximum.
At its Jower end the temperature is substantially
that of the chassis™18. The chassis provides s
considerable mass of ‘material so- that it main-
tains the lower end:of the conductor. (§ substan-
tially at. chassis temperature, which is substan-
tially ambient temperature. - Intermediate points
of the conductor ‘1§ have intermediate temperas
tures which increase from the lower to the upper
end, as viewed-in the:drawing. The position -of
the: point of connection 19 on the conductor {5
determines the maximum: temperature which:the
capacitor ‘13 attains, and the length -of the yela-

_tively small conductor 14 determines primarily

35

the rate at which the capacitor 13 heats up when
the switch 17 is closed.

-~ When the switch .17 is closed, the cathode of
the tube - 10 warms up almost-immediately and

- in-a matter of five or ten minutes the -élements
‘40 of ‘the’ tube 10 have reached static temperature

50

55

60

65

Kiz should be p051t1Ve and the relation of the last

‘equation-should be preserved. -The initial drift
is drdmarlly negatlve and ‘Kiz is, corresponditigly
negative.” )

One sidé of ‘each of the capacitors 12 and ‘(§’is
dohnected to the plate’ of ‘the tube 18, "The other
side of the-capacitor 1218’ grounded to the chassis,
The other side of the’ capamtor 13 has its1ead +4
connected gt a ‘point~19 to 'the lead 15 of a Ye-
sistor 16. “"The'lead 15 issoldered to the thassis 7

70

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. I8, but this lag is so-small
compared with the length of time required for
the elements of the tube 10 to acquire their-static
temperatures, that it may be neglected altogether.
Thus, immediately the. switch. 17 is closed, the
point 19 of ‘the ‘conductor 15 heats up rather
quickly -but-its: static. temperature is determined
primarily by its location -between the chassis 48
and the heater (6. 'The lead 14, 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 & certain time lag .in' the heéating up-of the
capacitor: 13 -to its static condition. This lag
corresponds to the lag of the temperature rise in
the elements-of the .tube-10. ‘The lag may -be
adjusted: by changing the :material of the -con-
ductor 44 or-its cross-sectional ‘area. I prefer,
however, to ‘adjust.this lag by adjusting the effec-
tive length .of the conductor 14, -Just as a long
picee of resistor wire has a high: resistance, so'a
relatively Jong conductor 14.has g high thermal i
resistance ‘and- will transfer heat more slowly
than would a short-conductor. - This, the length
of ‘thelead 14:is correlated to the time lag:of the
heating of the elements of the tube ‘I8 after the
switch ‘17 is closed. It is:to be. noted thst :the
conductors 14 and 45 have completely neghgable
electrical resistances, .

‘The final temperatire which the capatitor 43
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will attain, depends primarily.upon the. position

of the point 19 on the conductor 15. ~If the point
19 is high (as viewed in the drawing), the ulti-
mate temperature of the capacitor 13 is greater,
and’vice-versa. -Movement of the point 19 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 14.

The invention” w111 more readﬂy be understood‘

by the following specific example of an oscillator
embodying my invention. ' The heater voltage is
6. volts.
ohrhs.: The conductor. §5 is a No. 16 wire approxi=
mately one inch long. -The length of the con-
ductor 14 which is a No. 22 wire, is-approximately
one-half inch, ‘and it is connected to the conduc-
tor 15 at a-point approxmately 5’ from the
heater (6.

“While the correct position of the point {9 and ‘

the correct length of the -conductor ‘14 may be
determined precisely by calculation on the basis
of the thermal capacity of the capacitor 3, its
radiation and conductive 1osses, its heat capacity,
ete., it is far more convenient in practice to de-
termine the length-of the conductor 14 and. the

position of the point 19 experimentally in the

first instance.  To'operate in this manner, I con-

‘nect the lead 14 to a point 19 on the lead 15 and :

determine the initial drift when the switch 17 is
closed;” Since the-circuit has been compensated
for .ambient temp¢rature variations, the drift, if
any, is due exclusively to.changes in the tube 10
as a resulf of its mcrease of temperature’ due to
the heater.

In Pig. 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 & 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 inéreases 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
13 heats up too rapidly, whereas the final drift
- of 1000 cycles indicates that the final tempera-
ture of the capacitor 13 is too high. To correct
the ‘curve B, I do two things: First.-I move the
point” 19" downwardly away from the heater 16
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

The resistor 16 has a resistance of 19

3

D ‘enables an  osecillator: 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 19 and the length of the conductor

10

15

{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- i the 'assembly of any number of cir-
cuits using: elements of the same characteristics.
While there may be a slisht.-variation in the curve
D for .oscillators thus :fabricated due . to- slight
variations in:the -parameters of the tubes, the
heater (6 and the capac1tor 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

o0
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corrected by slight change of position of the point
19 and/or a slight var1ation in the length of the
conductor 14.

One remarkable attnbute of my improved tuned -

eircuit 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 ‘. heater voltage 'of 6 volts, the frequency
change with a heater voltage of 5 volts was +30
eycles; the frequency change at 6% volts was +4-40-
cycles, and the frequency change at 7 volts was
4-80'¢ycles.

With the heater IS dlsconnected from the con-

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

40

1900. cycles when the Heater supply was varied
between 5 and 7 volts.

‘Consequently, my improved compensated tuned
cirenit enables me not only to provide for instant
conimunication without appreciable drift immedi-
ately ~after thé tube cathode heats up, but also

. enables me to use as'the heater supply the battery

45
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curve. ‘The low. final frequency of curve C indi- .

cates that the final temperature is too low and I°
move the point 18 upwardly. At the same time
I reduce the initial hump on curve C by lengthen-
ing conductor 14 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 manipulatxons of the
position of the point 19.and the length of the
conductor :14. “Curve D is, however, regarded.as
mdrcatmg perfect compensation for all practical
purposes. - Compensation of -the nature of curve

charging system of an automotive vehicle in which
the voltage varies considerably, without creating
appreciable drift due to variation of the charg-

'ing or battery voltage. -

Although the invention has been described in

‘connectlon 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 forth m the ac-
companying claims. - :

Having thus described ‘my invention I deola1e
that what I claimis::

1."A ‘temperature ¢ompensated tuned circuit

55 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 éonductor having one end connected to
saig 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 pomt 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-

75

pacitor and an intermediate point on first said
thermal conductor, .
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‘having capacity -and inductance connected in an
operating eircuit: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 hetween 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 eorrect fre-
quency drift due to heating up ofithe tube,’and:a
second thermal conductor connected to.said ca~-
pacitor and toan intermediate point on first: said
thermal conductor. o i

9. A temperature -compensated tlned -cireuit
connected to a thermionie tube; a heater resistor,
a thermal conductor extending:from said resistor,
switch controlled smeans 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
7.3. A temperature compenssgted tuned circuit

[+
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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 eonductor,
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 thermicnic tube
and a tuned circuit including capacitor means and
inductor means connected:to the tube,-in com-

bination, a resistor heater connected to.the heater

supply of ‘the tube so that said heaters warm-up
together, a thermal conductor extending from
5aid resistor heater tobe warmed up thereby, said
conductor being arranged: to establish a-tempera.
 ture gradient therealonsg, ‘said capacitor means

including a capacitor having a negative tempera-

ture coefiicient, and -a second-thermal conductor
-connected to said capacitor and to.an intermedi-
-ate point on first said thermal-conductor.

7. In an oscillator comprising .a thermionic
tube and a tuned ecircuit including -capacitor
means and inductor-means connected-to:the tube,
in ‘combination, .& resistor heater connected .to
the heater supply of the tube so that said heaters
warm up together,-a thermal conductor: extend~
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
circult 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 eonductors being'located to.effect
heating up. of the capacitor to.a degrée sufficient
to compensate for frequency drift ‘due to the
heating up of .the tube .elements, and the effec-
tive length of the second thermal conductor be-
ing-arranged to provide heat resistance sufficlent
to limit the rate of heating up-of:the -capacitor

35
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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. .
1804 temperature -compensated tuned eircuit
comprising -a :pair of :capacitors..and inductor
means connected. in -an operating -eircuit of .a
thermionic tube,.said eapacitors-having tempera-
ture .coefficients:-of -magnitude -and-.sign to com-
pensatefor frequency drift. due to change of am-
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 g 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 sigh tending with
increase of temperature-of the capacitor to com-
pensate for frequeney 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. BT R
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 fvariable 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 fifst said thermal con-
ductor, the. point of .conhection 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
for the ‘frequency drift due to heating up of the
tube. LD :

10. A temperature compensated tuned circuit
comprising a capacitor and inductor connected
in an-operating cireuit of a.therniionic tube hav-
ing ‘an indirectly heated cstliode, 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 ceefficient adapted 0 correct fre-
55

quency drift due to heating up of the tube, and
& second. thermal conductor “connected to said
capacitor and ‘to an intermediate point on first
said thermal conduector, -~ - ,
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 -témperature co-
efficient of capacity ‘change -such that ‘its tem-~
perature - variation tends to compensate for fre-
quency-change ‘due {0 g 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 pathfor the
continuous.flow :of .heat. from said heat. generat-
ing ‘means, ‘means:for itransferring heat from:a
point intermediate *the ‘entls ‘of  said heat con-
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‘conducting path ‘to:said reactance,. said" point
‘being so. chosenthat sald . reactance:attains a -

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

- heating as. well *as ‘after reaching equilibrium‘

. temperature.
12 A temperature: compensated tuned circult
“having ‘capacity and inductance and including a
reactive element having-a negatwe temperature
- coefficient, connected in an operating cireuit of
a thermionic fube, 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
sald reactive element and to ‘an mtermediate
point on first said conductor.

13. A temperature compénsated tuned circuitf

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
“eircuit -including & 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-
sment_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

10
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‘electrodes, the capacity between said electrodes

being subject to change upon change in ambient ™

temperature and change in temperature ‘of said
heated electrode, a sourcé 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

50

_heatmg

’ B

final equilibrium: temperature of siich' magnitude
that the change in’ capacity between:said-elec-
trodes ‘with temperature is substantially compen-
sated; said heat transferring means having 'such
a characteristlc that -heat flows to said reactance .
from said resistor atia rate such that heatingiof
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 arrangemnent
for.an. eleetron ‘discharge ‘device: comprising a
reactance connected in. an operating circuit:‘of
the device;  a heater: arranged to heat up .upon

‘energization of’ the devicej-a first thermal con-
‘ductor having one:end connected: to said:heater

and the other: exposed to.ambient temperature,
and a second thermal:¢onductor: thermally con=

nected ‘between said reactance and-an 1nterme-'

diate point on said first. ‘thermal conductor; ‘said

reactance’ having a témperature ‘coefficient of re-

actance change adapted to: compensate for:the
Iong term reactarice change ‘of said electron dis-

.charge device due t6 the change of’ amblent teni-

perature and-also for the initial reactance change
due to-the heating Up of the device; Lk

: 17 A temperature compensating arrangement‘
reactande connected in ‘an’ operatme circuit ‘of
the device, a’ "heater arranged to- heat up upon

‘energmation of the device, a- first’ thermal -con-

ductor baving ‘one end cornected to said heater
and the other exposed: to: amblent temperature :
and a second thermal. conductor ‘¢onnected be—,
tween said reactance and ‘an intermediate pomt
on said first thermal -conductor, said reactance

'havmg a temperature coeﬁcrent of reactance

1eactance change of sdid electron discharge ‘device
due to ‘change of amblent temperature and ' ‘the
point of connection  of said second thermal con-
ductor to said first’ thermal conductor berng lo- -

'cated to control the degree of temperature change

of said reactance resulting ‘from the ‘Heating up

of said electron’ discharge device to’ compensate

for, initial reactance ehange esulting 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

o
=

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. !

15. 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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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-
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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
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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 sufficierit 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. circult of
the device, a heater arranged to heat up upon
¢nergization of said device, a chassis upon which
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said: discharge:device is mountfed; a first thermal -

conductor- having- one: end: connected ‘to .said
hegter and the otherrend:connected to said chas-
sis; 'whereby: said:other:end:is:eéxposed to- ambient

-temperature;. and. a: second  thermal conductor -

thermally: connected ‘between: said reactance and
. .an.intermediate point on said first:thermal con-
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ductor; said reactance having g temperature co-.

efficient of reactance change adapted to:compen-
sate for-the-long: term reactance: change: of said
electron: discharge. device: duer to the: change of
ambient: temperature: and also: for the  initial
) reactance change due-to-the heating up of the
‘device. -

20..In a:radio system arr anged to mamtain 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 2

" ‘said heat:source:for-the: flow: of heat therefrom,
an impedance. element. connected . electrically in
said. system- and- having impedance changeable
with temperature in such & manner as to affect. a

. characteristic: of said system in.a predetermined s

‘manner, .and. a:heat:conductor. of.predetermined
characteristics. disposed: between: & point. inter-
mediate. the ends-of. said. divider and said im-
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 in steady: opera-
-tlon.of the system at.a constant ambient tempera-
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‘ing:low: electrical: resistance: whereby: said: ca-

pacitor is: electncally connected ‘to . the. chass1s
therethrough.
‘22, A temperature compensated tuned circuit

‘having. capacity and inductance connected in.an
:operating circuit.of:a: thermionie tube, & 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
temperature coefficient, and.a thermal 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:thérmionic tube, a.member

arranged to heat up simultaneously with the tube,
g: second. member: subject to. temperature-change

-in:response: to'change in ambient temperature, &

thermal conductor:-connected between:said mem-
bers for the flow of: heat therebetween, said ca-

~pacity including ac capacitor having a -negative
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ture. and.at such. varying temperatures in. tran-

slent . operation. of the. system.as to. maintain. g
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. of: o thermionic. tube having a
heater,.a. chassis,.a heat; source, means.for sup-
plying energy. snnultaneously to.said heat source
-, and.to. the heater of the tube, a thermal con-
ductor connected.to said Heat source and fo the
chassis, said capacity including a capacitor hav-
ing a negative temperatiure.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 coefiicient, and. a. thermal conducter
thermally: 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 confrolling. electrical op-
eration of: a4 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 with: 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. & temperature gradient is pro-
duced therealong, and: means.including a second

‘metallic. cohnection. for transferring heat from a

point. interniediate  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.
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