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(Granted under the act of March 3, 1883, as
amended April 30, 1928; 370 O. G. 757) =

‘My invention relates broadly to electron tube

oscillator circuits..

One of the objects of my invention is to provide

means for controlling the frequency of oscillation
§ of oscillating electron tube circuits.

Another object of my invention is to provide
means for eliminating, for all practical purposes,
the effect of variations in the anode voltage sup-
ply to oscillating electron tube circuits upon the

frequency of oscillation.

Still another object of my invention is to pro-
vide means for automatically compensating for
the effect upon frequency caused by variations in
the anode voltage supply to oscillating electron

tube circuits.

Other and further objects of my invention re-
side in the arrangement of circuit for constant
frequency oscillation generators as set forth more
fully in the specification hereinafter following by
reference to the accompanying drawing, in

which: . .

Figire 1 shows one form of circuit incorporat-
ing the features of my invention; Fig. 2 illustrates
the principles employed in obtdining automatic
compensation for variations in frequency caused
by changes in the anode voltage supply of oscil-
lating electron tube circuits; and Fig. 3 shows the
results of actual measurements of the automatic
compensating effect obtained by the method illus-
trated in Fig. 2 upon the circuit of Fig. 1.

Fig. 1 illustrates my invention embodied in a

. eircuit arranged for the generation of high fre-
quency oscillations. The circuit shows an elec-
tron tube including a cathode 1, a control grid 2,

an inner anode 3, and an outer anode 4. The’

resonant circuit 5 which substantially fixes the
frequency of oscillation includes the split-stator
variable capacity 6 and the inductance 7. The

split-stator condenser 6 has two sets of plates 6a .

and 6b capacitatively related to a third or inter-
mediate set of plates 6¢c. A blocking capacity 8
and the leak resistance 9 are connected as shown.
A neutralizing capacity is shown at 10. Battery
11 supplies the necessary cathode heating energy,
whereas battery 12 supplies the inner and outer
anode potentials ‘which are adjustable through
the medium of taps 18 and 19 on the poten-
tiometer 13. Battery 12 is fixedly connected to
one end of potentiometer 13 and is variably con-
fected through tap 20 adjacent the other end of
potentiometer 13. Obviously, the power supply
may be taken from direct or alfernating current
generators. 14 and 15 are impedances that may
take many forms although I prefer to employ

resistances or inductances.

By-pass capacities

are shown at 16 connected across the power sup-
ply circuits to the inner anode 3 and the outer
anode 4. The output energy from the circuit, as
shown in Fig. 1, may be delivered to a work cir-:
cuit by connecting or coupling such work circuit 60
to tuned circuit 5, or to impedance 14 or 15.

By associating with the electron stream of any
conventional oscillating tube circuit, an auxiliary
element, such as the outer anode element 4, and
connecting it with a source of potential pref- 65
erably through an impedance 15, the frequency of
oscillation may be varied over quite a wide range
by varying the potential applied to this auxiliary
element. - I have found that the magnitude of
change in frequency for a given change in poten- 70
tial of the auxiliary element as well as the direc-
tion of change of frequency, i. €., whether the fre-
quency increases or decreases with an increase in
the potential of the auxiliary element, is a func-
tion of the potentials applied to the other ele- 15
ments of the tube, the potential of the auxiliary
element, and the position of the auxiliary ele- -
ment with respect to the other elements. I have
found that this effect may be utilized to great
practical advantage in oscillating electron tube 8
circuits. _

Fig. 2 illustrates one manmner in which the
change in frequency caused by varying the po-

‘tential of an auxiliary element associated with

[+ 2]

the electron stream of an oscillating electron tube 85

circuit may be utilized. The ordinates represent
changes in frequency in cycles above or below a
given frequency to which such a circuit as that
shown in Fig. 1 may be initially adjusted. The
changes in frequency involved in the curves 90
plotted in Fig. 2 are those which result from vary-
ing taps 18, 19 and 20 on potentiometer 13 shown
in Fig. 1. These changes in frequency are there-
fore the direct result of varying the inner and -
outer anode voltages from the initially adjusted 95
values represented by points 18a, 19a and 20q, in
Fig. 2.

By making a suitable choice of initially ad-
justed voltages for the inner and outer anodes,
I have found that when tap 18 is varied, mean- 100
while keeping the position of taps 19 and 20 fixed,
the frequency at which the circuit of Fig. 1 oscil-
lates varies in accordance with curve 18b, and
that when tap 19 is varied, meanwhile keeping
the pozition of taps 18 and 20 fixed, the frequency
varies in accordance with curve 19b. It will be
noted that the slopes of curves 18b and 19b are
opposite in sense. I have found that the slopes
of these curves at the points of crossing the axis
corresponding to zero change in frequency, may 110
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be varied over wide limits by & suitable choice
of the initially adjusted voltages corresponding
to points 18a and 19a. Obviously then, if such
a choice of initially adjusted voltages is made as
will make the slopes at points 18a and 19a exactly
equal and opposite in sense, no appreciable
change in frequency would be expected to take
place when varying tap 20 of Fig. 1 over quite
o wide range. It istherefore axiomatic that in or-
der to avoid changes in frequency due to momen-

tary variations in the anode voltage supply for -

vacuum tube oscillators of the two anode type,
such a choice of anode voltages should be made
as will make the tangents 18c and 19¢ of equal
and opposite slope.

Fig. 3 shows the .observed results of an actual
application of the principles disclosed in the pre-
ceding paragraph. Curves 18d, 19d and 20d of
Tig. 3 show respectively the actual changes in the
frequency of oscillation of the circuit of Fig. 1
when varying taps 18, 19 and 20. The overall
compensating effect is shown by curve 20d.

The resonant circuit 5 is adjusted to a selected
frequency by varying the spacial relation of the
intermediate set of plates 6¢ with respect to the
sets of plates 6a and 6b. When the selected fre-
quency is obtained, the position of the ‘variable
capacity 6 is set and thereafter the circuits con-
tinue to generate oscillations at the selected fre-
quency substantially independent of changes or
variations in the potential supplied to the inner
and outer anodes.

- T have made measurements upon the circuit of
Fig. 1 which show a change in frequency of only
4 cyeles in 4,500,000 for a 25 per cent change in
the voltage of battery 12. This change in fre-
quency is less than 0.0001 per cent for a 25 per
cent change in the anode voltage supply and
indicates the great advantage to be gained in the
use of my invention wherever a high degree of
precision as to frequency maintenance in vacuum
tube oscillators is required.

As variations in the frequency of oscillation of
electron tube circuits caused by variations in the
anode voltage supply are a frequent source of
trouble, particularly in circuits of the self-oscil-
lating types, and especially when the precision
maintenance of frequency is essential, the prin-
ciples of my invention have many important
applications.

The circuit of Fig. 1 is only one of many forms
of oscillating electron tube circuits to which the
present invention is applicable. I have employed
my invention with all conventional oscillating
electron tube circuits including those of the piezo
electric erystal controlled type as well as the self-
oscillating type. :

While I have described my invention in certain
of its preferred embodiments, I desire that it be
understood that modifications may be made and
that no limitations upon my invention are in-
tended other than are imposed by the scope of
the appended claims.

The invention herein disclosed may be manu-
factured and used by or for the Government of
the United States for governmental purposes
without the payment of any royalties thereon.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. In an oscillating electron tube circuit in-
cluding an electron tube having a cathode ele-
ment, a confrol grid element, an anode element
and an auxiliary element associated with the
electron stream of said tube, means including said
auxiliary element and the main source of electric
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energy for said oscillating electron tube circuit
for compensating for changes in the frequency
of oscillation arising from variations in the volt-
age of the said main source of electric energy,
through the application of such increments of
potential to said auxiliary element as substan-
tially neutralize the tendency to frequency change
caused by simultaneous increments in potential
applied fto said anode element. .

2. ITn an oscillating electron tube circuit in-
cluding an electron tube with at least two anode
elements associated with a common - source of
electric energy, the method of minimizing
changes in the frequency of oscillation arising
from variations in the voltage of said common
source of electric energy which consists in the
selection of such operating potentials for said
anodes as to cause the change in frequency due
to a change in the voltage applied to one of said
anodes to be substantially compensated for by the
opposite effect upon frequency of a change in
voltage applied to the second of said anodes.

3. In an oscillating electron tube circuit in-
cluding an electron tube having a cathode ele-
ment, a control element and anode element asso-
ciated in circuit for the generation of osciila-
tions, an auxiliary element associated with the
electron stream of said tube and having a con-
nection to an impedance to one extremity of
which a variable voltage is applied, and means
including a device for applying to said anode
element certain selected voltages, the values of
which are a function of said variable voltage
whereby the frequency of oscillation of said elec-
tron tube circuit is maintained substantially 110
constant.

4. In an oscillating electron tube circuit in-
cluding an electron tube containing a cathode, &
control grid, and two additional elements, a
source of potential and connections between said 115
source of potential and said two additional ele-
ments, the potentials for the said two additional
elements being selected for causing the frequency
of oscillation to remain substantially constant
for changes in the potential of said potential 120
source due to the compensating effect of the said
two additional elements.

5. In an oscillating electron tube circuit in-
cluding an electron tube containing a cathode,
a control grid, an inner anode and an outer anode,
a circuit between said inner and outer anodes, a
common potential source connected in said cir-
cuit, said source delivering such operating poten-
tials to said anodes for causing the frequency of
oscillation to remain substantially constant for
changes in the potential of said common potential
source due to the compensating effect of the said
anodes.

6. In an oscillation generator, an electron tube
including a cathode, a control grid and at least 135
two additional elements, a resonant circuit in-
cluded between said cathode and one of said
additional elements, a source of electric energy
included in circuit between said cathode and one
of said additional elements, and means including 140
one other of said additional elements and a
connection to said source of electric energy for
selectively applying such potentials to said.last
mentioned element as cause the frequeney of
oscillation to be substantially constant for vari- 145
ations in the voltage of said source of electric
energy. : :

7. In an oscillation generator, an electron tube
including a cathode element, a control grid ele-
ment and at least two additional elements, a 150
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resonant eircuit included between two of said
elements for determining the frequency of oscilla-
tion, a source of electric energy included in cir-
cuit between said cathode and one of said addi-
tional elements and means including one other
of said additional elements and a connection to
said source of electric energy for applying such
variations of potential to said last mentioned
additional element as will substantially counter-
act the frequency change tendency due to vari-
ations in the voltage of said source of electric
energy.

8. In an oscillation generator comprising an
electron tube having a cathode, a control grid,
an anode and an additional element, the method
of compensating for changes in the frequency of
oscillation resulting from variations in poten-
tial of the source of anode potential which con-
sists in so choosing the potentials of the anode
and additional element that the net effect upon
frequency caused by a change in the potential of
said anode potential source is substantially zero.

9. In an oscillating electron tube system com-
prising .an electron tube having a cathode, a
control grid, an inner anode and a main outer
anode, the method of compensating for changes
in the frequency of oscillation resulting from
variations in potential of the source of anode
potential, which comprises applying to the in-
ner anode a potential proportional at all times
to the potential applied to the ma'n anode and
of such value that the change in frequency due
to a change in the outer anode potential will be
substantially compensated by the effect of a pro-
portional change in the inner anode potential.

10. In an oscillation generator compris'ng an
electron tube having at least four separate ele-
ments, the method of compensating for changes
in the frequency of oscillation which comprises
applying to one of said elements a positive po-
tential, and applying to another one of said ele-
ments a different positive potential proportion-
al at all times to the first-mentioned applied
potential and of such value that the change in
frequency due to a change in the first mentioned
positive potential is substantially compensated
by an opposite effect upon frequency caused by
the proportional change in the second mentioned
positive potential.

11. In an oscillating electron tube system com-
prising an electron tube having a cathode, a
control grid, an anode and an additional ele-
ment, a resonant circuit connected between said
cathode and said control grid, an output circuit
and a source of anode potential, the method of
compensating for changes in the frequency of
oscillation resulting from variations in potential
of the source of anode potential which com-
prises applying to said additional element a po-
tential proportional to the potential appled te
the anode and of such a value that the frequency
change tendency caused by a variation of the
anode potential is substantially offset by an op-
posite frequency change tendency caused by 'a

proportional variation of the potential of the
additional element.

12, In an oscillating electron tube circuit hav-
ing an electron tube containing a cathode and
two electrodes electro-positive with respect to
said cathode, the method of stabiliz:ng the fre-
quency of oscillation which consists in applying
to the said two electrodes such electro-positive
potentials as to cause an increase in frequency
due to an increase in potential applied to one

3.
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of said electrodes to be substantially compensated

by a decrease in frequency resulting from a
change in potential applied to the other of said
electrodes.

13. In an oscllation generator including an
electron tube containing a cathode and two elec-
trodes associated with a common potential
source, the method of minimizing changes in
the frequency of oscillation arising from changes
in the potential of said common source which
consists in the selection of such operating po-
tentials for said two electrodes as to cause the
change in frequency due to a change in the po-
tential applied to one of said electrodes to be
substantially offset by the opposite effect upon
frequency caused by a change in potential ap-
plied to the other of said electrodes.

14. In an oscillation generator having an elec-
tron tube including a cathode element, a con-
trol element and two anode elements, the meth-
od of avoiding frequency modulation resulting
from changes in a common anode potential
source which consists in so choos'ng the ratio
of the potentials applied to the two anodes that
the frequency remains substantially constant due
to the compensating effect of the two anodes.

15. In an oscillation generator having an elec-
tron tube containing a cathode and at least two
elements electro-positive with respect to said
cathode, the method of compensating for a
change in frequency due to a change in the elec-
tro-positive potential of one of said elements
which consists in applying such change in the
electro-positive potential of the other of said ele-
ments as to cause an opposite frequency change
tendency from that caused by the change in
electro-positive potential of the first mentioned
element.

16. In an oscillating electron tube circuit in-
cluding an electron tube having a cathode and
at least two elements electro-pos:tive with re-
spect to said cathode by virtue of their associa-
tion with a common power source, the method
of minimizing changes in the frequency of oscil-
lation arising from variations in the voltage of
said common power source which consists in the
selection of such electro-positive potentials for
said elements as to cause the change in fre-
quency due to a change in the electro-positive
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potential of one of said elements to be opposite -

to the change in frequency caused by the change
in the electro-positive potential of the other of
said elements, ’
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