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This invention relates to vacuum tube oscilla-
tors. More specifically it relates to an oscillator
which is adapted selectively to generate electrical
wave signals at either of two slightly different
frequencies, the desired frequency at. any .par-
ticular instant of time being readily determnina-
ble, in response to a control signal supplied. to
the oscillator from an external source.

Frequently in the communications and-radar
art it is desired selectively to provide signals of
two slightly and precisely differing freguencies.
Although it is quite feasible to do this by using
any one of a number of conventional means, the
amount of equipment required and the complex-
ity of the circuits may prove to be ‘objectionable.
Accordingly, it is the primary object of -our: in-
vention to provide a simple, convenient and re-
liable oscillator for yielding the .desiréd result
while employing a minimum -of equipment. : The
oscillator hereinafter disclosed employs but a pair
of vacuum tube sections, or their equivalent;-and
a single tank circuit, plus a.few additional com-
ponents. It is extremely simple in operation and
readily controllable, for example in response to

2, signal of alternating rectangular wavefornt, for

operation selectively at either of two differing fre-
guencies. Also it is eminently adapted for in-
corporation into other circuits in which,: while
performing its primary function as a generator,

it may also be made to cooperate in other ways . i«

to bring about additional desired results.

Thus, for example, as set forth hereinafter, the
two tubes of the oscillator circuit. may be made
to function alternately as superregenerative am-

plifiers at two slightly different frequencies. - Such:

an arrangement has particular application in-a
detector of angular-velocity modulated carrier
wave signals, one form of which is hereinafter
shown and described.

The principle of our invention and: the.con-.

struction, mode of operation and application of
a representative embodiment, as well as other
features and advantages thereof will be fully un-
derstood from consideration of the . following
specification with reference to the drawings-in
which:

Figure 1 is a schematic diagram of a circuit
according to the invention, and

migure 2 illustrates schematically the applica-

tion of the circuit of Figure 1 to a superregenera--

tive detector of angular-velocity modulated car-
rier wave signals.

Referring to Figure 1, the oscillator eircuit
shown comprises a pair of triode vacuum tubes {
and 2 connected so as to form, in cooperation
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circuits which are,

2
with a common tank circuit 3, separate oscillator
respectively, of the well-
known Hartley and Colpitts forms. Thus. tank
circuit- inductor 8 is connected between the grid

_of tube § and ground, and the cathode of tube |

is connected to a tap on inductor 4 sc that the
lower portion of the latter is included in the
cathode circuit of -the tube and provides the
seedback necessary for oscillation. Tube f, in
cooperation: with.tank circuit 3, therefore. forms
5 conventional Hartley circuit. On the :other

hand, tank circuit condenser 8 is connected be-

tween the.grid and cathode of tube 2, and con-
denser 8§, also part.of tank circuit 3, is connected
between the cathode of tube 2 and ground,. as

. in a conventional Colpitts .circuit. Conventional
. grid resistors 7 and 8 and grid. condensers §-and
. 8. are likewise provided for both tubes i and 2.
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By application of a suitable contrelling signal
to appropriate elements of either or both of tubes
{ and 2, one tube may be cut off during pre-
seribed intervals, while the other tube is conduc-
tive, and vice versa. . Thus each tube may_ be
permitted to oscillate separately and independ-

ently of the other during predetermined inter-

vals. The mode of. operation of the circuit in-
corporating tube I is that of a conventional Hart-
ley and, of -the circuit incorporating tube 2, that

‘of a conventional Colpitts. - So generally under-

stood is the operation of these circuits, it is not

-deemed necessary to devote further discussion to

them here.
Tn accordance with the purpose of the inven-

_tion, each of the separate oscillators .is to oper-
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ate at a.slightly different frequency and, to this

‘end, resistors 12 and I8 are connected respec-

tively from the cathodes of tubes i and 2 to
ground. This will effect, in the instance .0f. tube
1, a slight decrease in its frequency of oscillation,
and, in. the instance .of tube 2 a slight increase.
Tn order that each circuit shall continue to be
capable of sustaining oscillations, it is essential
that the magnitudes.of resistors {2 and 13 be not
too small. .. Furthermore, by appropriate selec-
tion of the values of these resistors, it is possible

_to achieve a maximum, or any desired smaller,

frequency difference between the two oscillators.
The manner in which the shifts in frequency: of
the two oscillators is effected and the eriteria for

_choosing the: values of resistors 12 and {3 will.be
-apparent from the following theoretical consid-

erations.
Assuming the circuit.of Figure 1 to be divided

-into -two parts by -broken line A—A’; the-im-
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pedance looking into the left-hand portion is
given by the expression:

. RiX
ZL=.7[XL 1+ Rf—li—)?i"lz—l_g ml

R, X3,

BiXnX %z] +

R+ X3,
- RiXy
‘RH‘Xﬁ(l gmi XLz) 1)

The impedance looking into the right-hand
portion is given likewise by the expression:

. 2 X, BoX 1 X%
Za= [ Kot g2 o B |+
Rz X%:z / ngRZXCI (2)
R+ X%\ Xy

The shift in frequency of the Hartley portion of
the circuit owing to the presence of resistor 12
is directly attributable to the term

BiX1:X3,
Im RIF X3,
in the imaginary part of the expression (1) for
Zr. This term is maximum, and the Hartley
section experiences maximum frequency shift
when R:i=Xrs. Likewise, for the Colpitts por-
tion of the circuit, the maximum frequency shift
will obtain when the term

g BoX e X%
™ REt X%
is maximum. This will be the case when
Re=Xcs.

Other values of R1 and Rz may, of course, be
used if maximum shift is not required. How-
ever, as already mentioned, in order that each of
the circuits shall continue to be capable of sus-
taining oscillations, the values of resistors {2 and
13 must not be made too small. In the instance
of the Hartley circuit, the value of resistor 12
must satisfy the condition:

Xrs

Ry gm1> X (3)

while, in the instance of the Colpitts circuit, the
condition to be satisfied by resistor 13 is:

X
R?gm2>}—(~2i

s

4)

Values of resistors 12 and 13 satisfying rela-
tions (3) and (4) are such as to make the real
parts of the expressions (1) and (2) for Zz and
Zr respectively negative (i. e. to make the re-
sistance of each oscillator circuit negative).

The inclusion of resistor 18 in the cathode
circuit of tube 2 makes desirable the connection
in shunt therewith of a resonant choke 1, tuned
to the oscillating frequency of the Colpitis sec-
tion, to provide a low impedance D.-C. path
from the cathode of tube 2 to ground.,

It is to be noted also that, although the pri-
mary functions of resistors {2 and {3 are to alter
the frequencies of the oscillators with which they
are respectively associated, each also tends to
modify the frequency of the oscillator with which
it is not directly associated, and this effect must
be taken into account in designing the cireuit for
oscillation at two specific frequencies.

The ecircuit above described has numerous ap-
plications such as will readily occur to those
skilled in the communications art. One such ap-
plication, which will now be set forth for pur-
poses of illustration, is in a detector of angular-
velocity modulated carrier wave signals based on
the method described in Patent 2,351,193 of
June 13, 1944, to Murray G. Crosby for g Fre-
-quency modulation detector -circuit.

According -
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to this method two superregenerative detectors
are operated at different frequencies respectively
above and below the center, or carrier, frequency
of the modulated carrier wave signal to be de-
tected. The two detectors are alternately
quenched and unquenched to permit oscillations
to build up in their tank circuits at a rate de-
termined by the extent of modulation of the
carrier wave signal at the time of unquenching.
The outputs of the two detectors are combined
50 as to yield a signal which varies in accord-
ance with the angular-velocity modulation of
the input carrier, but which is substantially in-
dependent of variations in the amplitude of said
carrier. The circuit shown in the patent for ap-
plying this method employs separate tubes for
the two superregenerative oscillators, two addi-
tional tubes comprising a quench controlling os-
cillator, and yet anocther tube to vary the tun-
ing of a common tank circuit used in conjunction
with both superregenerative oscillators.

Pollowing this same method, in the circuit of
Figure 1 of the present specification, tubes | and
2 may be made to operate alternately as super-
regenerative detectors at two slightly differing
frequencies respectively above and below the
carrier frequency of the modulated signal to be
detected. A complete embodiment of a circuit
for this purpose is shown in Figure 2 where the
various components of the circuit of Figure 1
are designated by like reference characters. In
this circuit a frequency- or phase-modulated
carrier wave signal intercepted by antenna (4 is
supplied to tank circuit 3 through inductor 5
coupled to tank circuit inductor 4. A low fre-
quency quench controlling signal generated by
oscillator 16, comprising triode 17 and tank cir-
cuit 18, and which may be of substantially
sinusoidal waveform, is supplied in opposite
phases, through connections 19 and 20 includ-
ing condensers 21 and 22, to the grids of tubes
f and 2 respectively. The latter are thereby ren-
dered alternately conductive to permit oscilla-
tions to build up at the respective frequencies of
oscillation of the Hartley and Colpitts circuits
in which they are connected. In each circuit os-
cillations will begin to build up at a time fol-
lowing unquenching determined by the extent
to which the instantaneous frequency of the
modulated carrier wave signal departs from the
normal frequency of oscillation of the particular
oscillator circuit. In the absence of modulation,
the outputs of the two superregenerators will be
essentially equal and, when supplied to a con-
ventional push-pull subtractor circuit (not
shown), will cancel. However, when the input
signal is phase- or frequency-modulated and as-
suming the frequencies of oscillation of the two
oscillator sections to have been dispiaced by equal
amounts respectively ahove and below the car-
rier frequency, oscillations will build up to ap-
breciable amplitude in one circuit sooner than
in the other during successive alternations of the
‘quench contrelling signal; and subtraction of the
two outputs will give rise to a resultant signal
indicative of the instantaneous value of modu-
lation. ’ )

As shown, the plates of tubes ! and 2 are
preferably by-passed to ground at their respective
frequencies of oscillation by condensers 22 and
24, and at quench frequency by Series tuned cir-
cuits 28 and 29 resonant at the latter frequency.

‘Detected output is developed across resistors 25
-and 26 in the respective plate cifcuits of tubes
-1 and 2, and is available at terminals 27 for



2,469,811

supply” to a  push-pull -subtractor circtit (not
shown).

For illustrative purposes only, and with no
thought of imposing any limitations upon the
invention, the following values are given for
the components of the circuit of Figure 2. They
are applicable to an‘instance in which the carrier
frequency of the input signal is 50 megacycles
and it is desired to provide a difference between
the frequencies of oscillation of the iwo osciila-
tors of 160 kilocycles (which, however, is not
the maximum:obtainable from the circuit) :

Tubes 1 and 2 e Type 6SN7
Inductor 4 (upper portion)_.__ 24 p-henry
Inductor 4 (lower portion)_.__ Y3 p~hénry

15 pu-farads
30 wu-farads
10,000 ohms
100,000 ohms
50 uu-farads

Condenser 9.
Condenser 6 e
Resistors Ta and 86—~
Resistors Tb and 8b_ =
Condensers 9 and 10_________

Choke M. Self resonant ab
50 megacycles

Resistors 12 and 13 - 5,000 ohms

Tank circuit 18 e~ resonant at 50
kilocycles

1,000 pp-farads
100 uu-farads

Condensers 21 and 22____.___
_ Condensers 23 and 24________

Resistors 25 and 26— ___ 1,000 ohms
Series circuits 28 and 29____. resonant at 50
kilocycles

It will of course be understood that the in-
vention is susceptible of embodiment in physical
forms other than the one here shown, such as
will occur to those skilled in the art upon read-
ing this specification. Accordingly the scope
of this invention is to be regarded as subject
only to the limitations imposed by the appended
claims.

‘We claim.:

1. Tn a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising a pair of conjugate reactive
branches, a portion of each of said branches be-
ing connected in the cathode circuit of one of
said tubes and cooperating with said tube %o
form a separate oscillator adapted to oscillate
independently when said other tube is cut off,
and means included in the cathode circuit of
one of said tubes and operative when said tube
is conductive to modify the frequency of oscilla~-
tion of the oscillator circuit which includes said
one tube.

2. In a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising a pair of conjugate reactive
branches, said tank circuit being connected so
as to form, in cooperation with each of said
tubes, separate oscillator circuits, each adapted
to oscillate independently when the other tube
is cut off and, in each of which, cne of said re-
active branches cooperates to provide the feed-
back necessary for oscillation, and means com-
prising a resistor connected in the cathode cir-
cuit of one of said tubes for causing said oscil-
lators to oscillate at different frequencies.

3. Tn a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising a pair of conjugate reactive
branches, said tank circuit being connected so
as to form, in cooperation with each of said
tubes, separate oscillator circuits, each adapted
to oscillate independently when the other tube
is cut off and, in each of which, one of said re-
active branches cooperates to provide the feed-
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6
back necessary for oscillation, and miéans com-
prising resistors connected -in the cathede cir-
cuits of said tubes for causing said oscillators
to oscillate at different frequencies.

4. In a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising an inductance and a capaci-
tance connected in parallel, a resistance con-
nected in parallel with a- component of said in-
ductance in the cathode circuit of one of said
tubes to form an oscillator adapted to osciliate
at a predetermined frequency, the product of
said resistance and the mutual conductance of
said tube being greater than the ratio of the
impedance of said component to the impedance
of the remainder of said inductance at said fre-
guency, and a second resistance connecied in
parallel with a component of said capacitance
in the cathode circuit of the other of said tubes
to form a second osciliator adapted to oscillate
at a predetermined second frequency different
from said first frequency, the product of said
second resistance and the mutual conductance
of said iast-named tube being greater than the
ratio of the impedance of said component to
the remainder of said capacitance at said second
frequency.

5. In a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising an inductance and a capaci-
tance connected in parallel, a resistance con-
nected in parallel with a component of said in-
ductance in the cathode circuit of one of said
tubes to form an oscillator adapted to osciilate
at a predetermined frequency, said resistarnce
being comparable in magnitude to the impedance
of said component inductance at said freguency,
and a second resistance connected in paraiiel
with a component of said capacitance in the
cathode circuit of the other of said tubes to form
o second oscillator adapted to oscillate at & pre-
determined second frequency different from said
first frequency, said resistance being comparabie
in magnitude to the impedance of said component
capacitance at said second frequency.

6. In a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising a pair of conjugate reactive
pranches, said tank circuit being connected so
as to form, in cooperation with each of said
tubes, separate oscillator circuits, each adapted
to oscillate independently when the other tube
is cut off and, in each of which, one of said
reactive branches cooperates to provide the feed-
back necessary for oscillation, and means com-
prising substantially equal resistors connected in
the cathode circuits of said tubes for causing said
oscillators to oscillate at different frequencies.

7. In & vacuum tube oscillator, a pair of vacuum
tubes, each having a plurality of electrodes and
each being adapted to be rendered conductive
or non-conductive, a tank circuit reasonant at
a predetermined frequency, means coupling said
tank circuit to electrodes of one of said tubes
to form an oscillatory circuit adapted to oscillate
when said one tube is conductive, the frequency
of oscillation of said oscillatory circuit being
determined by the resonant frequency of said
tank circuit, means coupling said tank circuit
to electrodes of the other of said tubes to form
a second oscillatory circuit adapted to oscillate
when said other tube is conductive, the frequency
of oscillation of said second oscillatory circuit
being determined by the resonant frequency of
said tank circuit, and means operative when one
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of said tubes is conductive t¢ alter the resonant
frequency of said tank circuit.

8. In a vacuum tube oscillator, a pair of vacuum
tubes, each having at least triode elements and
each being adapted to be rendered conductive or
non-conductive, g tank eircuit resonant at a pre-
determined frequency and comprising a pair of
conjugate reactive branches, means coupling said
tank circuit to electrodes of one of said tubes to
form an oscillator circuit adapted to oscillate
when said one tube is conductive, said coupling
being made so as to include at least a portion
of one of said reactive branches in the cathode
eircuit of said tube and the frequency of oscilla-
tion of said oscillatory circuit being determined
by the resonant frequency of said tank circuit,
means coupling said tank circuit to electrodes of
the other of said tubes to form a second oscil-
latory circuit adapted to oscillate when said other
tube is conductive, the frequency of oscillation
of said second oscillatory circuit being determined
by the resonant frequency of said tank circuit,
and means included in the cathode circuit of
said first tube and operative when said tube is
conductive to alter the resonant frequency of
said tank circuit.

9. In a vacuum tube oscillator, a pair of vacuum
tubes having at least triode elements, a tank
circuit comprising an inductance and a capaci-
tance connected in parallel, a resistance con-
nected in parallel with a component of said
inductance in the cathode circuit of one of said
tubes to form an oscillator adapted to oscillate
at a predetermined frequency, and a second re-

sistance connected in parallel with a component &

of said capacitance in the cathode circuit of the
other of said tubes to form a second oscillator
adapted to oscillate at a predetermined second
frequency different from said first frequency.
10. In a vacuum tube oscillator, a pair of vacu-
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um tubes having at least triode elemerits, a tank
circuit comprising a pair of conjugate reactive
branches, a resistance connected in parallel with
at least a portion of one of said branches in the
cathode circuit of one of said tubes to form
an oscillator adapted to oscillate at a predeter-
mined frequency, and a second resistance con-
nected in parallel with at least a portion of the
other of said branches in the cathode circuit of
the other of said tubes to form a second oscillator
adapted to oscillate at a predetermined second
frequency different from said first frequency.

11. In a vacuum tube oscillator, a pair of vacu-
um tubes each having at least triode elements,
a tank circuit comprising an inductance and a
capacitance connected in parallel, means cou~
pling said tank circuit to one of said tubes to form
a Colpitts circuit adapted to oscillate at a pre-
determined frequency, and means coupling said
tank circuit to said other tube to form a Hartley
circuit adapted to oscillate at a different fre-

" quency.

30
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12. In a vacuum tube oscillator, a pair of vacu-
um tubes having at least triode elements, a tank
circuit comprising an inductance and a capaci-
tance connected in parsllel, a resistance con-
nected in parallel with a component of said
inductance in the cathode circuit of one of said
tubes to form an oscillator adapted to oscillate
at a predefermined frequency, a resistance con-
nected in paraliel with a component of said
capacitance in the cathode circuit of said other
tube to form a second oscillator adapted to oscil-
late at a second frequency, and a choke sub-
stantially resonant at said second frequency con-
nected in shunt with said last-named resistance
and said component of said capacitance.

WILLIAM E. BRADLEY.
JOSEPH C. TELLIER.

No references cited.
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