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11 Claims,

This invention relates to circuits of the radio
type, and more particularly to such circuits re-
quiring a high degree of frequency stability.

In the fleld of radio operation and analogous
fields, wherein one deals with circuits in which
currents at exceedingly high frequencies flow,
the requirements concerning the frequency
stability of the circuits becomes exceedingly rigid,
particularly in such applications as in radio
broadcasting, frequency measuring, etc. Such
circuits, unless precautions are taken are prone
to suffer changes in the constants of the ele-
ments entering into the make-up of the circuits,
resulting in g shift in frequency from that for
which the circuits were originally designed. The
changes in the physical characteristics or con-
stants of the circuit elements are attributed to
expansion or contraction of frequency determin-
ing elements in the circuits, brought about pri-
marily by changes in the ambient temperature
and heating conditions in the apparatus.

With reference to electron discharge devices
employed in circuits of this character, the heat
developed in the cathode tends to cause ex-
pansion and flexure of the tube electrodes, thus
altering the inter-electrode capacity existing be-

' tween them. 8ince at least two of the electrodes

30

35

40

45

50

.o

in the discharge device are usually connected
across a tuned circuit, it naturally follows that
the capacity between these electrodes enters into
the determination of the frequency to which the
circuit will respond. Therefore any change in
the inter-electrode capacity, brought about by
the cathode heating current will cause a shift
in the frequency adjustment of the circuit. When
a circuit of this character is set into operation,
an appreciable time will elapse before the inter-
electrode capacity of the tube will reach a stable
condition, and for this reason it is often neces-
sary to delay operation until this condition has
been reached.

The elements entering into the design of the
tuned circuit may also cause frequency shifts,
particularly when subjected to temperature vari-
ations, these temperature changes being of a
rather unstable character in that they are usu-
ally due to changes in the ambient temperature
surrounding the tuned circuit. Unless the tuned
circuit is maintained in a thermostatically con-
trolled heat chamber, it will be subject to the
various changes mentioned.

It is an object of this invention to provide
means which shall compensate for such changes
occurring in the inter-electrode capacity of the
electron discharge device to enable immediate

(CL 250—27)

use of the circuit after setting the circuit into
‘operation.

Another object of this invention is to provide
means for simultaneously correcting frequency
shifts attributed to both the change in inter-
electrode capacity of the electron discharge de-
vice and to changes in the elements of the tuned
circuit.

Another object of this invention is to provide
an exceedingly simple construction which will
compensate for the shift in frequency resulting
from a change of inter-electrode capacity as
well as changes in the physical constants of the
elements of the tuned circuit.

Another object of this invention is to provide
‘a means for compensating for changes in inter-
electrode capacity, which means shall be sub-
stantially unaffected by changes in ambient tem-
perature.

Additional objects of this invention will be
pointed out in the following description of the
same, taken in conjunction with the accompany-
ing drawing wherein:

Figure 1 is a circuit including a vacuum tube
oscillator, in which has been embodied the in-
vention as an example of its application to cir-
cuits of the radio type.

Fig. 2 is an illustration of a modification of
-this invention showing another manner in which
the invention may be applied to radio circuits or
the like, only & portion of the circuit of Fig. 1
being disclosed.

Fig. 3 is a structural illustration of the com-
pensating device which has been disclosed sche-
matically in the circuit of Fig. 1.

Fig. 4 is an illustration of this device depicting
its operation and the manner of compensating
for changes in inter-electrode capacity.

Fig. 5 is another illustration of this device
showing its manner of operation to compensate
for the effects of changes in ambient temper-
ature upon the tuned circuit.

Fig. 6 is another view of the compensa’cmg de--
vice illustrating its manner of operation to com-

pensate simultaneously for changes In inter-
electrode capacity due to cathode heating, and

10

18

changes in the tuned circuit constants due to °

variations in ambient temperature.

The embodiment of the invention as disclosed
in Fig. 1 comprises a circuit of an oscillation gen-
erator of the Hartley type. This includes an elec-
tron discharge device | having grid 3, cathode 5
and plate electrodes T, the grid and plate elec-
trodes being effectively connected across the ter-
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minals of a tuned circuit 8, comprising a tuning 88
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condenser |i shunted by an inductance 3. The
heating current for the cathode electrode is de-
rived from a source of potential which may con-
stitute a battery 18 or a suitable alternating cur-
rent source. The mid-point {7 of the cathode
circuit is obtained by bridging a pair of resistors
19 across the source of energy supply, the junction
point of the two resistors being connected to a tap

.on the inductance (3 of the tuned circuit. The

plate potential may be obtained from any suitable
source, and will be appMed across the terminals
marked “-—B” and “+4B”, there being a con-
denser 21 inserted in the circuit to isolate the
plate potential from the grid circuit.

The device for compensating for changes in
interelectrode capacity and in the constants of
the tuned circuit comprises a plurality of heat
responsive elements 23, 26 and 21, preferably of
the bimetallic type, these being arranged in
capacitive relationship to each other, which may
be obtained by supporting them at one end to a
common support 28. Two of the heat responsive
elements 23 and 28 are so oriented with respect to
each other and with respect to the third element
27 that for an increase in temperature, these
two elements will distort in the same direction,
which direction will be opposite to that in which
the third element will distort. This is easlly ac-
complished when using bimetallic elements by
merely placing or mounting the elements, so that
two elements which are intended to flex in the
same direction have their surfaces of aimilar
metal facing in the same direction. 'The fAirst of
these two elements 23 may be connected directly
in the cathode circuit through a flexible connec-
tion at its upper end (not illustrated in the draw-
ing) which will permit substantially free move-
ment of the unsupported end of the element 23
in response to temperature changes. Or the heat-
ing current to the filament may be caused to affect
the temperature responsive element by flowing
through s resistor 28 surrounding the element 23.
The temperature changes which will result in a
flexing of the element 23 are those caused either
directly as in the first case or indirectly as in the
second case, by the current flowing in the cathode
circuit. The remaining two elements are con-
nected across the tuned circult referred to. Where
the resistor element 29 is employed for heating
the temperature responsive element 23, the tem-
perature responsive element is connected in paral-
lel with the last element 21.

The physical dimensions of the bimetallic ele-
ments, the spacing between them and the sensi-
tivity thereof are factors to be considered in de-
signing the compensating device for satisfactory
use in any particular apparatus. After the com-
pensating device has been properly designed to
match the apparatus with which it is to be used,
and is connected in circuit therewith in a man-
ner illustrated in Fig. 1, it will automatically com-
pensate for changes occurring in the interelec-
trode capacity of the electron discharge device,
and for changes in the constants of the tuned cir-
cuits, and this compensating action for both the
tube and the tuned circuit will be taken care of
simultaneously. :

In Fig. 2 the construction of the compensating
device departs from that of Fig. 1 in the manner
of heating the tube capacity compensating ele-
ment 23. In accordance with the disclosure of
Fig. 2, this element has integrally united to it at
its base, a block of metal 31 preferably one hav-
ing good heat conducting properties such as cop-
per, and the heating resistor 33 is wrapped around
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this block of metal, the resistor belng connected
directly across the fllament circuit. A switch 38
common to both the reslstor heating circuit and
the fllament circult, assures simultaneous opera-
tion of both.

Referring to Figs. 3, 4, 5 and 6, the manner in
which the action of the compensating device takes
Dlace will become apparent. In Figs. 1 and 2 the
compensating device occupies a position in which
none of the elements is flexed, and this can be
assumed to be the situation at the instant of
starting the radio circult into operation. The ar-
rows indicate the direction of flexure upon a rise
in temperature, which can be obtained by proper
orientation of the elements as pointed out above.
The first of these elements is made responsive in
accordance with the current in the cathode cir-
cuit in the various ways described above. 'This
first element in combination with the second ele-
ment is utilized to compensate for changes in the
inter-electrode capacity of the tube, this being
accomplished by causing the capacity between
these two elements, indicated by “C” in the figure,
to vary in accordance with the heat produced in
the first element, which heat is derived from or in
accordance with, the cathode circuit energy.

The second and third elements function to com-
pensate for changes in the tuned circuit elements
brought about by variations in the ambient tem-
perature factor. The capacity between these two
elements has been indicated as Ci in the figure
and this may be made to vary in response to ambi-
ent temperature.

The illustration in Fig. 4 pictures the condition
of the device when ambient temperature remains
unchanged, but the inter-electrode capacity of
the tube has been altered. Under these conditions
the first element which has been exposed to the
current in the cathode circuit has flexed away
from the second element to reduce or decrease
the capacity between these two elements. This
decrease is made to occur when the effect of the
heating of the cathode results in an increase in
the inter-electrode capacity of the tube.

In Fig. 5, the effects of a change in ambient
temperature upon the compensating device is
illustrated, it being assumed that no change in
the inter-electrode capacity of the tube has oc-
curred. It will be noted that, due to the particu-
lar orientation of the elements, the first two ele-
ments will flex in one direction, resulting in prac-
tically no change in the capacity C between these
two elements. Since no change is desired under
the conditions specified, a change in ambient
temperature therefore will have no resulting
effect upon the inter-electrode capacity com-
pensating portion of the device. On the other
hand, however, due to the fact that the third
element is supported in & position which is re-
versed to that of the other two, it will flex in an
opposite direction to decrease the capacity Ci
existing between the second and the last of the
elements.

Since the effect of an increase in ambient
temperature on the tuned circuit is to decrease
its frequency, the decrease in the capacity Ci1 of
the compensating device will tend to increase
the frequency, and thus may be made to com-
pensate for the effects of the ambient tempera-
ture upon the tuned circuit.

Where both changes in the inter-electrode
capacity and in the constants of the tuned cir-
cults occur simultaneously, as may happen dur-
ing the starting up or warming up period, the
elements of the compensating device will flex
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in a manner substantiaily as illustrated in Fig. 6.
Both the first element and the second element
will flex'in the same direction due to the change
in ambient temperature, but due to the added
effect of the current in the cathode circuit, the
first element will flex to a greater degree than
the second and produce the proper decrease in
capacity between the two, to compensate for such
changes in inter-electrode capacity as occur dur-
ing the warming up period. The effects of

. changes in ambient upon the tuned circuit will
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be compensated for by the decrease in capacity
C1 between the second and the last of the heat
responsive elements.

The dotted lines in Pigs. 4, 5 and 6 indicate the
normal position of the elements such as is indi-
cated In the device of Fig. 3.

It will be apparent from the above description
that the invention provides a very simple means
for maintaining frequency stability in a radio
circuit. Not only does it accomplish this, but it
has another important advantage in that it elim-
inates the necessity of delaying transmission or
other operation of the circuit until the termina-
tion of the warming up period. Since the warm-
ing up time, particularly of transmitters or the
like, is apt to extend over a period of from five to
fifteen minutes, the importance of being able to
utilize the circuit for transmission at the same
time the circuit is set into operation should be
quite apparent.

‘While this invention has been described in
great detall, it is apparent that various changes
may be made therein without departing from the
scope of the invention.

The last bimetallic element 21 for example,
may constitute just a plain strip of metal which
is more or less insensitive to temperature effects.
It need not be bimetallic in character, as a var-
iable compensating capacity C:1 will still exist due
to the temperature effects on bimetallic element
25. It will be apparent however, that to obtain
similar capacity changes a variation in dimen-
sions or spacing of the elements will be in order.

It is therefore desired that protection be not
limited to these details except as may be required
by the prior art and the appended claims,

It is claimed:

1. A device comprising a pair of temperature
responsive elements supported in capacitive re-
lationship to each other and adapted to flexurally
respond in like manner to changes in ambient
temperature, the value of said relationship there-
by remaining substantially constant with varia-
tions in ambient temperature, and means for al-
tering the temperature of one of said elements
to a degree different from that of the other of
said elements.

2. A device comprising a plurality of tempera-
ture responsive elements mounted on a common
support in capacitive relationship one to an-
other, said elements being oriented with respect
to each other so that the capacity between the
members of one combination of said elements is
altered with a change in ambient temperature
whereas the capacity between the members of
another combination of said elements remains
substantially unaltered for the same change in
ambient temperature.

3. A circuit of the radio type including an
electron discharge device having grid, cathode
and plate electrodes, means for supplying heating
energy to said cathode electrode, a tuned circuit
connected between said anode and cathode elec-
trodes, and means operated by said supply means

3

for compensating capacitive changes in sald dis~
charge device which normally cause frequency
shift and means physically coordinated with said
compensating means, and simultaneously oper-

able therewith for correcting changes in the con- -

stants of said tuned circuit.
4. A device comprising & pair of bimetallic tem-
perature responsive elements supported in ca-

. pacitive relationship to each other and oriented

to respond in like manner to changes in ambient
temperature whereby substantially no change of
capacity occurs between said elements in re-
sponse to changes in ambient temperature, and
means for altering the temperature of one of
sald elements to a different degree than the other.

5. A device comprising a plurality of tempera-
ture responsive elements mounted on a common
support in capacitive relationship one to another,
said elements being oriented with respect to each
other that the capacity between the members of
one combination of said elements varies with a
change in ambient temperature and the capacity
between the members of another combination of
said elements remains substantially unaltered for
the same change in surrounding temperature.

" 6. A circuit of the fadio type including an elec-
tron discharge having grid, cathode and plate
electrodes, means for exciting said cathode elec-
trode to a condition of electron emission, a tuned
circuit connected between two of said electrodes,
and means comprising a plurality of cepacitively
arranged temperature responsive elements for si-
multaneously compensating for changes in said
discharge device tending to cause frequency shift
and changes in the constants of said tuned circuit.

7. A device comprising a pair of bimetallic
temperature responsive elements supported in ca-
pacitive relationship to each other and so coordi-
nated as to have identical direction of flexure,
whereby said elements will respond similarly to
changes in ambient temperature maintaining said
capacitive relationship substantially constant, and
means for altering the temperature of one of said
elements to a different degree than the other,
effecting thereby a change in the capacity be-
tween said elements.

8. A device comprising & plurality of tempera-
ture responsive elements mounted in capacitive
relationship one to another, said elements being
oriented with respect to each other so that the
capacity between the members of one combina-
tion of said elements varies with a change in
ambient temperature and the capacity between
the members of another combination of said ele-
ments remains substantially unaltered for the
same change in surrounding temperature.

9. A circuit of the radio type including an elec-
tron discharge device having grid, cathocde and
plate electrodes, means for exciting said cathode

electrode to a condition of electron emission, a 2

tuned circuit connected between two of said elec-
trodes, and means for simultaneously compen-
sating for changes in capacity between electrodes
of sald discharge device and changes in the con-
stants of said tuned circuit, said means compris-
ing a. plurality of temperature responsive ele-
ments mounted in capacitive relationship one to
another, certain of said elements reacting on the
effective capacity of said tuned circuit being ori-
ented with respect to each other so that the ca-
pacity between their members varies with a
change in ambient temperature and one of said
elements influenced by said exciting means co-
acting with other of said elements.
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10. A device comprising a pair of temperature 78
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responsive elements supported in capacitive rela-
tionship to each other and adapted to respond in
like manner to changes in ambient temperature
whereby said capacitive relationship remains sub-
stantially constant despite changes in ambient
temperature, means for altering the temperature
of one of said elements to a different degree than
the other, and an additional element located in
capacitive relationship to one of said pair of
elements, said additional element having tem-
perature responsive characteristics differing from
those of sald element with which it is in capaci-
tive relationship, effecting a change in degree
of said relationship upon.a change m ambient

18 temperature
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11. & eircuit of the radio type including an
electron discharge device having a cathode and
additional electrodes capacitively related to each
other, a circuit for said cathode including means
for feeding current thereto to heat the same, a
device comprising a pair of elements, at least one
of sald elements being heat responsive, means

for supporting said elements in capacitive rela-

tionship to each other, and means for increasing
the temperature of said heat responsive element
by the thermal effect of the currents flowing in

sald cathode circuit.
G. ARVILLA ELILIS.
Administratriz of the Estate of Stuart G. Ellis,
Deceased.
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