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OSCILLATOR STABILIZING CIRCUIT

_Waldon' P, Bollinger, Audubon, N. J ., assignor to
" 'Radio Corporation of America, a corporation of

Delaware

Application May 16, 1942, Serial No. 443,193
12 Claims.,  (CL 179—171L5) °

This invention relates to improvements in a
frequency modulation system, and more particu-
larly to a method of and means for stabilizing
the mean frequency of the oscillator in' a fre-
quency modulated transmitter or any transmitter
employing a self-excited oscillator controlled by
a reactance tube,

Briefly stated, the invention comprises a re-
actance tube modulator circuit which is so con-
structed and arranged that the susceptance of
the reactance tube varies with oscillator - fre-
quency in such direction and magnitude as to re-
store the oscillator frequency to its assigned
mean value, while permitting a controllable
change in the frequency of the oscillator by a
change in the transconductance of the reactance
tube,

In the conventional reactance tube circuit
known in the art for frequency modulating g self-
excited oscillator, where the series condenser and
shunt arranged resistor of the phase shifting net-
work are both small, the reactance tube acts as
a constant capacity whose reactance varies in-

versely as the oscillator frequéncy. A common

circuit of this type is shown in Fig. 1 which illus-
trates diagrammatically s conventional reactance
tube circuit for frequency modulating a self-ex-
cited oscillator. In Fig, 1, the radio frequency
oscillator is represented by vacuum tube Va with
its parallel tuned circuit La, Ca connected in a
"Hartley arrangement. Of course, any other self-
excited oscillator circult can be used. The re-
actance tube is represented by Vi, which has its
anode coupled to the oscillator through the cou-
pling condenser Ci. The elements of. the react-
ance tube comprise & phase shifting network

having a resistance R and a capacity C, both of .

which hdve small values, and a radio frequency
choke coil or so-called decoupling inductance L.
This phase shifting network (in order to give 90°

phase shift to the radio frequency voltage at the’

grid of tube Vi) must of necessity have g small
value of R and a small value of C. . With this con-
dition then, the RC network of the Treactance
tube has an amplitude characteristic which causes
the. amplitude of the radio frequency grid. volt-
age to vary directly as the frequency of the ap-
' plied radio frequency anode voltage. As a result
of this, the radio frequency anode current which
is the reactive current in the reactance tube cir-

R, the reactance of C is large compared with the
resistance of R. The source of modulating po-
tentials, usually speech waves, is diagrammatical-

"~ ly represented by the label IN. A battery B
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- serves to supply suitable bias to the grid of the

reactance tube. ‘ o

According to one embodiment of the present
invention, the reactance tube circuit is so con-
structed and arranged that its capacity is made
to vary as the square of the frequency or the, re-
actance vary as the one-third power of the fre-
quency. For this condition, the radio frequency
grid voltage applied to the reactdnce tube .varies
as the cube of the frequency j A
with it as heretofore. Thus, by making the-ca-
bacity of the reactance tube ¥ary with the applied
radio frequency instead of being constént, I am
able to make this variatién in such direction and
magnitude as to substéntially prevent the self-
excited oscillator fr departing from a given
frequency. To acHieve this result, I cause a
change in frequenCy of the oscillator to result in
a change of capacity of the reactance tube, thus
restoring the oscillator to its original operating
frequency. This stabilization of the oscillator

atmosphere, humidity, or voltage variations from
causing the .oscillator to depart from its assigned
mean frequency. It should be understood, how-
ever, that by means of the invention I am abie
to controllably vary the frequency of the oscilla-
tor by producing a change in the transconduct-
ance (i. e., Gm) of the reactance tube, and this

is' done by applying modulating voltages to the
. ‘grid or any other suitable control element of the
~ reactance .tube,

A more detailed deéscription of the invention
follows in conjunction with a drawing, wherein
Fig. 1 illustrates a conventional circuit of a re~:
actance tube and self-excited oscillator whereby
the frequency of the oscillator can be modulated,

. and Figs. 2, 3, 4, 5 and 6 show different embodi~
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cuit, will vary directly as the frequency.of the -
radio frequency voltage applied to the anode. "
* . tube Vi having three C, R circuits for énabling

The reactance tube circuit then acts as a constant

capacity whose reactance varies inversely as the'.

frequency. Because of the small values of C and

ments of the present invention. In the drawings,
the same parts are represented by the same ref-
erence numerals. Figs. 2 to 6, inclusive, merely
illustrate those parts which are necessary for an
understanding of the principles of the present in-
vention, it being understood that the circuits of
these figures can be coupled to the radio fre-
quency oscillator in the same manner shown in

-Fig. 1.

Referring to Fig. 2, there is shown a reactance

the capacity of the reactance tube to vary as the

square of the frequency, or the .res.ctancg vary




2

as the one-third: power-of the:frequency.

is-equivalent to making the grid radio frequency

voltage vary as: the cube. (third power of the:

The three C, R circuits
C", R’..

oscillator frequency).-
. are represented by C, R;. C’, R’;

same- value, and similarly the three resistors R,
R/,
Since each of the two additional RC circuits. (over:
and above: the single: one shown in Fig: 1) pro-
duces a 90° phase shift, it will: be obvioug' that

there:is-an:additional 180° phase shift applied to

the reactance tube over and:above the phase shift
abtained: from a- siiigle: R,. C circuit. In other

" words,. the: network produces a. phase shift of

270°.. In order to-correct for this additional 180°
phase:shift, so as to produce the desired quadra-
ture or 90° phase relation between the: plate volt-
age: and the grid. voltage, the. coupling coil Ls
(which abstracts high:frequency energy from the

radio frequency oscillator tank) is suitably poled..

In effect-the-tliree capacity and:resistance net-
" works: of the reactafice:tube-of Fig:. 2.constitute a
high pass filter circuit, but the.system is so de-

. signed. that: the reactance tube operates on the:

‘linear: slope portion of the high pass filter char-
acteristic of frequency versus grid voltage.. The
circuit of Fig. 2 includes the usual grid leak con-
denser combination herein represented. as Cg: Re,
but these have such-values as not to alter the de-
‘sired: phase shifting characteristic of the net-
work.. The modulating source of speech waves i§
dlagrammatically represented by IN, while g ba.t-
tery Bis'a:bias battery.

In- the operation of Fig. 2; a- decrease in the 8

" oscillator: frequency: will produce a great loss in
the radio frequency voltage on.the grid.of:the re-

actance tube; and:the reactance tube will act like
a- smaller-capacity, thereby tending to increase
the -oscillator  frequency. Conversely, a rise in

“the-oscillator: frequency will produce a great. in-
crease in the radio. frequency voltage on: the grid

of the reactance tube:and this reactance tube will

act as & larger capacity thereby tending to lower
the: oscillating frequency.

. Pig: 3. illustrates another modiﬂca,tmn of the
invention: and is: an: alternative arrangement to
the system: of Pig.: 2. Instead of the inductive
coupling: between the: oscillator and the grid. of
the: reactance ‘tube; as shown.in- Fig. 2, there. is
here prov1ded’ a. direct. coupling: (except for the
- phase shifting networks) between the anode and
grid of the reactance tube. The: circuit of Fig. 3
includes; it. should be noted, two additional R, C
. circuits répresented by R’’’,.C’’’ and R’"’"’,.C"’"’

which secure the. additional 180° phase Shlft for

compensating for thie 180° phase shift provided
by the first: two additional R, C networks. The
network in this figure: produces a phase shift: of
five: times 90° or 450°. In this way I am able to
get the proper 90 phase or quadrature relation
between the plate voltage and the: grid voltage.
The. circuit of Fig. 3, of course, makes:the capacity:
of the reactance tube vary as a still greater power
of the frequency. than-the cube, thus giving addi-
tional stabilization..

The-
three capacities:C, C’, C’’ are small and of the:

R’’ are glso smsll and: of the same. value..
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In Fig. 4, the objects: of the invention are

achieved. by working: on the efféctive inductance
. of the reactance. tube instead of on:the effective

capacity thereof. This is' done by using capaci--

ties of the network in shunt and: the resistors in
series, as shown. The three networks of Fig. 4 are
_R3,.C3; Ra, Ci; and Rs; Cs.  The resistors R3, R,

Ri are large and of the same value, and the con-
densers Cs, C4, Cs are also. large and of the same
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value: It should be understood, of course, that.
the values of the grid leak.and. condenser com-
bination:are such as not to upset. the phase shift--
ing characteristic of the network. The: voltage
applied. to the grid is derived from the oscillator
tank circuit by virtue:of the small coupling coil.
Is; in gubstantially the same manner as:hereto-
fore described in connection with Fig. 2. InFig. 4,

in effect, the resistance and capacity. constitute a

low pass filter circuit, but here again we operate:
on the. linear slope portion of. the phase:shift-

ing network. characteristic. ’

In Fig. 5, which shows another embodiment of:
the-invention, we cbtain an effective capacity for
the-reactance tube by using inductors Ls; Iz and
Ls in shunt, and resistors Rs, R7 and Rs in:series:
for the phase shifting network. The: resistances
Rs, R7 and Rs are of the same value and rela-
tively large and the inductances Ls, L1 and: Ls-
are equal but of small value. - Here again, it is-
desired that the reactance tube work on-the linear:
portion of the phase:shifting network character-
istie, .

Fig. 6'is still another. embodiment of the inven-
tion .employing inductances Lio; L1, and Liz-in:
series, and resistors Rio, Ri1 and Riz in shunt. The:
coils Lo, L1 and. Liz are relatively large and equal
in value while the resistors:Rig, Ru and Ri2 are
relatively small in value and equal. The network
of Fig. 6, in effect, is'a low pass filter upon whose
linear slope the circuit works: ..

It is understood that the reslstances in the:
phase shifting network do not have to be equal for
proper operation of the circuit but for. conven-
ience-of discussion and construction are:said to-
be equal. The same applies to the‘capacities or-

"~1nductances

~The same theory of operation hereinabove: de-

'scm_bed in connection with Figs. 2 and 3 applies

generally to the system-of Figs. 4;.5 and 6, except
that in Pigs. 2, 3 and § the reactance tube func-
tions as an effective capacity, while in. Figs. 4
and 6 the reactance tube functions as an eﬂective
inductance. :

. What is:claimed is: ‘

1. A stabilized oscillation: generator comprismg

‘a vacuum tube oscillator having a frequency de-

termining circuit; a reactance tube having a con-
trol electrode and a cathode and coupled to said.
oscillator, a phase shifting network coupled be-
tween said control electrode and the cathode of:
said resctance tube, and a. connection coupling:
said network to said frequency determining cir-
cuit; said network having a: plurality of lumped
reactance elements. of the same kind and a plu-
rality of resistor elements, the number of said
elements and their values being so related as to
produce a phase shift substantially equal to an
odd' multiple: of 90° but not .substantially less
than 270°, said elements heing so- arranged:that
the susceptance of said reactance tube varies with-
the frequency of the.oscillations produced by said
oscillator in such direction and magnitude as to.
oppose:changes in:the oscillator frequency from
its assigned value.

2. A stabilized- oscillation generator comprlsing‘,
a vacuum tube oscillator having-a frequency de-

“termining circuit, a reactance tube coupled:to said:

oscillator; and a phase: shifting network coupled”
between a: control element and. the: cathode: of.
said reactance tube, and a connection. coupling
said network to said frequency determining cir-
cuit, said network having lumped reactance and
resistor’ elements, the number of. said elements
and their values being so related as: to produce.
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% phase shift substantially equal to an odd mul-
tiple of 50° but not substantially less than 270°,
sald elements being so constructed and umnzed

that the effective capacity of sald reactance tube

varies with the frequency of the oscillation pro-
duced by said oscillatorin such direction and mag-

nitude. as to -oppose changes in the oscillator fre- -

quency from its assigned value,
3. A stabilized oscillation generator comprising
a vacuum tube oscillator having a frequency de-
termining circuit, a reactance tube coupled to said
oscillator, and a phase shifting network coupled
between a control element and the cathode of said
reactance tube, and a connection coupling said
network to said frequency determining circuit,
said network having lumped reactance and re-
sistor elements of :such number and of such re-
lated valuesthat there is produced a phase shift
substantially equal to an odd multiple of 90° but
not substantially less than.270°, said elements
being so constructed and arranged that the effec-
- tive inductance of said reactance tube varies with
the frequency of the oscillations produced by said
oscillator in such direction and magnitude as to
oppose changes in the oscillator frequency from
its assigned value.

4. A stabilized oscillation generator compris-
ing a vacuum tube oscillator having a frequency
determining circuit, a reactance tube coupled to
said oscillator, and a phase shifting network of
gerles capacitance elements and shunt resistance

- elements coupled to a control element of said re-
actance tube and also to said:frequency deter-
mining circuit, the constants of said network be-
ing so chosen that it operates on the substantially
linear slope portion of its filter characteristic,
the number of said elements of said network and
their values being so related as to produce a phase
shift.substantially equal to an odd multiple of 90°
but not:substantially less than 270°, whereby the
effective capacity of said reactance tube varies
with the frequency of the oscillations. produced
‘by said oscillator in such direction and magnitude
&8 to oppose changes in the oscillator frequency
from its assigned value.

5. A stabilized oscillation generator comprising
a vacuum tube oscillator having a frequency de-
termining circuit, a reactance tube coupled to said
oscillator, and ‘a phase shifting network of series
resistance elements and shunt capacitance ele-
-ments coupled to a control electrode of said re-
actance tube and also to said frequency deter-
mining circuit, the constants of said network be-
ing so.chosen that it operates on the substantially
linear slope portion of its filter characteristic,
the number of said series and shunt elements and
their values being so related as to produce a phase
shift equal to an odd multiple of 90° but not sub-
stantially less than 270°, said capacitor elements
and resistor elements being so constructed and
arranged that the effective inductance of said
reactance tube varies with the frequency of the
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oscillations produced by said oscillator in such .

direction and magnitude as to oppose changes in
the oscillator frequency from its assigned value.

6. A stabilized oscillation generator comprising
a vacuum tube oscillator having a frequency de-
termining circuit, said frequency determining cir-
cuit including a coil, a reactance tube coupled to
said oscillator, and a phase shifting network hav-
ing a filter characteristic coupled between & con-
trol element and the cathode of said reactance
tube, and a coil coupling said network to the coil
of said frequency determining circuit, said net-
work having a plurality of series impedance ele-

a3

ments of the same value and shunt impedance
elements of the same value, the constants of said
-elements being such that the network operates
on-the linear slope portion of the filter character-
istic, the number of said elements and their values
being so related as to produce a phase shift sub-
stantially equal to an odd multiple of 90°-and not
substantially less than 270°, the elements being so
constructed and arranged that the susceptance of
said reactance tube varies with the frequency of
the oscillations produced by said oscillator in such
direction and magnitude as to oppose changes in
the oscillator frequency from its assigned value.
7.-In -a frequency modulation system, a radio
frequency oscillator, a reactance tube having a
phase shifting network coupled to said oscillator,
a low frequency modulating source coupled to.a
control element of said reactance tube for pro--
ducing controllable changes in the frequency .of
said-oscillator in accordance with changes in the
transconductance of said réactance tube, said net-
work having a plurality of series elements and .a
plurality of shunt elements of such constants that
the network operates on the substantially linear
slope portion of its fliter characteristic, the ele-
ments of one of said plurality being reactances
of the same kind, while the elements of the other -
plurality are resistors, the number of. said: series
and shunt elements and their values being so
related as to produce a phase shift substantially
equal to an:odd multiple of 90° but not substan-
tially less than 270°, said .series and shunt. ele-
ments being so constructed and arranged that -
the susceptance of said reactance tube varies with
the frequency of said oscillator in such direction
and magnitude as. to oppose changes in the oscil-
lator frequency from its assigned value, while per-
mitting controllable changes in the -oscillator

frequency by changes in the transconductance of

the reactance tube.

8. A stabilized generatpr comprising a vacuum
tube oscillator having a frequency determining
circuit, a reactance tube coupled to said oscilla-
tor, and a phase shifting network having a high
pass filter characteristic coupled to & control ele-
ment of said-reactance tube and also coupled to .
said frequency determining circuit, said network -
having a plurality of capacitor elements of small
value in series and a plurality of resistor elements
of small value in shunt, the constants of said
network elements being such that the network
operates on the linear slope portion of the fllter
characteristic, the number of said series and shunt

- elements and their values being so related as. to

produce a phase shift equal to an odd multiple of.
90° but not substantially less than 270°, said
capacitor elements and resistor elements being so
constructed and arranged that the susceptance of
said reactance tube varies with the frequency of
the oscillations produced by said oscillator in such
direction and magnitude as to oppose changes in
the oscillator frequency from its assigned value.

9. A stabilized generator comprising a vacuum
tube oscillator having a frequency -determining
circuit, a reactance tube coupled to said oscilla-
tor, and a phase shifting network having a low

pass filter characteristic coupled to a control ele~

ment of said reactance tube and also coupled to

- sald frequency determining circuit, said network

70
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having a plurality of resistor elements of large
value in series and a plurality of capacitor ele-
ments of large value in shunt, the constants of

-sald network elements being such that the net-

work operates on the linear slope portion of the
filter characteristic, the number of said series and
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shunt, elements and their values being so related
a8 to produce a phase shift equal to an odd mul-
tiple of 90° but not substantially less than 270°,

8aid capacitor elements and resistor elements be~

ing so constructed and arranged that the sus-
ceptance of said reactance tube varies with the
freqizency of the oscillations produced by said os-
cillator, in such direction and magnitude as to
oppose \:hanges in the oscillator frequency from
its assigned value.

10. In a frequency modulation system, a radio
frequency oscillator having a- frequency deter-
mining circuit, a reactance fube, & phase shifting
network coupled between a control electrode and
the cathode of said reactance tube, a circuit induc-

.tively -coupling said network and said frequency
determining circuit, a source of modulating cur- :

rents coupled to a control element of said re~
actance tube for producing controllable changes
in the frequency of said oscillator in accordance
with changes in the transconductance of said re-
actance tube, said network having a plurality of
series elements and a plurality of shunt elements
of such counstants that the network operates on
the substantially linear slope portion of its filter

characteristic, the elements of one of said plu-.

rality being reactances of the same kind while
the elements of the other plurality are ;es1stors,
the number of said elements and their values be-
ing so related as to produce a phase shift sub-

stantially equal to an odd multiple of 90° but not .

substantially less than 270°, said elements being
so constructed and arranged that the susceptance
of said reactance tube varies with the frequency
of said cscillator in such direction and magnitude
as to oppose changes in the oscillator frequency
from its assigned value, while permitting control-
lable changes in the woscillator frequency by
changes in the transconductance of the reactance
tube.

1. Ina frequency mo.dulation system, a radlo
frequency oscillator having a frequency determin-
ing circuit, a reactance tube, a phase shifting
network coupled between s control electrode and
the cathode of said reactance tube, a capacitive
connection between said network and said fre-

- quency determining circuit, a source of modulat-

ing currents coupled to a control element of said

10

.15

20

25

30

35

4 32,388,198

reactance tube for producing controllable changes
in the frequency of said oscillator in accordance

‘with changes in the transconductance of said re-

actance tube, said network having a plurality of
series elements and a plurality of shunt elements
of such constants that the network operates on
the substantially linear slope portion of its filter
characteristic, the elements of one of said plu-
rality being reactances of the same kind, while
the elements of the other plurality are resistors,
the number of said series and shunt elements and
their values being so related as to produce a phase
shift substantially equal to an odd multiple of 90° -
but not substantially less than 270°, said series
and shunt elements being so constructed and

‘arranged that the susceptance of said reactance

tube varies - with the frequency of said oscillator.

“in- such direction and magnitude as to oppose

changes in the oscillator frequency from its as-
signed value, while permitting controllable
changes in the oscillator frequency by changes in
the transconductance of the reactance tube.

12. In a frequency modulation system, s radio
frequency oscillator, a reactance tube having a
phase shifting network coupled to said ‘oscillator,
a low frequency modulating source coupled to a
control element of said reactance tube for produc-
ing controllable changes in the frequency of said
oscillator in accordance with changes in the trans-
conductance of said reactance tube, said network
having a plurality of series elements and g plu-
rality of shunt elements of such constants that
the network operates on the substantially linear
slope portion of its filter characteristic, the num-'
ber of said series and shunt elements and their
values being so related as to produce a phase shift
substantially equal to an odd multiple of 90° but
not substantially less than 270°, said series and

. shunt elements being so constructed and arranged
40 that the susceptance of said reactance tube varies

45

with the frequency of said oséillator in such direc-
tion and magnitude as to oppose ¢hanges in the
oscillator frequency from its assigned value, while
permitting controllable changes in the oscillator
frequency by changes in the transconductance of
the reactance tube.

WALDON P. BOLLINGER,




