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Our invention relates to oscillator frequency modula-
tion apparatus-and more particularly relates to reactance
tube circuitry for use with such apparatus.

In many electronic applications, it is necessary to shift

the frequency of an osciliator above and below its natu-
ral or central frequency in accordance with the instanta-
neous value of an incoming “modulating signal. One
method of doing this is to vary the reactance of the oscil-
lator tank circuit, thus changing the oscillator frequency.
Another method is to inject a variable curmrent into the
tank circuit which. is in phasé with the current: in a se-
lected reactive element within the tank while maintain-
ing the voltage across the tank substantially constant.
While the injection method. does not physically change
the reactance values within the tank, it produces the
sanmte effect” by changing the apparent reactance values,
thus changing the resonant frequency of the tank accord-
ingly. -
- It is conventional to use a reactance tube as a current
injection device. The reactance tube, which is generally
a pentode, is connected so that its plate-cathode circuit
shunts the tank circuit of the oscillator. - A phase shifting
network consisting of a resistor and capacitor connected
in series also shunts the tank circuit, and ‘the junction of
this resistor-and capacitor is connected to a. first control
grid of the tube. The relative values of the resistor and
capacitor: are chosen so that- the voltage at this. grid is
shifted almost 90° with respect to the voltage on the
plate. An incoming modulating signal is supplied: to the
second control gridand changes the plate current of the
tuubé accordmgly By virtue of the phase-shifting -net-
work, the plate current is maintained- substantially “in
quadrature with the plate voltage and this quadrature cur-
rent. can be injected:into the tank cn'cult m the manner
outlined in the preceding paragraph.

- However, this reactance tube circuit has serious dlS-
advantagee Since the phase shifting network- described
above must contain some appreciable resistance and
since the capacitor itself must have some resistance, the
phase shift:between the first grid and plate must always
be less- than 90°. Consequently, there is a real compo-
nent of voltage appearing at the first gnd which intro-
duces_a plate current component which is in phase with
the plate voltage. This component when injected into
the tank circuit, acts as. an apparent resistance which
changes the Q of the tank and causes amplitude modula-
tion of the frequency modulated output signal from the
oscillator,

Moreover, since the reactance of the plmase shifting - net-
work must vary with frequency, the phase shift between
the first grid and the plate is variable, and the magnitude
of the voltage which is:fed back from the plate to-the
gmd is variable so that the value of the -apparent resistance
is.continucusly changing; consequently, the percentage of
amplitude modulation is not fixed but is continuously
variable.

. Since this amplitude modmlanon not only modlﬁes _the
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_power distri'bution; in ‘the side:bands. of the oscillator. out-

put signal but. also: causes: distortion in' the modulation
on the carrier; it is highly. desirable to prevent such ampli-

-tude modulation from appearing.

We have.invented an improved reactance tube anrange-

-ment which substantially eliminates the effects of this ap-

parént resistance and: thus: prevents the undesu'able am-
plitude modulation.

Accordingly, it is an.object of the present invention.to
provide improved meactance tube circuitry of’ the char-
acter- indicated.

Another object is. to- provide improved reactance-tube
circuitry in which the tube grid-plate phase shift: is ad-
justable and can. be set-to exactly 90° at any. frequency.

Still another object is to provide improved reactarnce
tube circuitry. which: includes an adjustable phase shift-
ing network capable- of providing a tube grid-plate phase
shift in excess. of: 90°.

Yet another object. is to provide 1mpwroved reactance
tube circuitry which includes a phase shifting network
capable of delivering a feedback voltage-to. the -grid of
the tube whose magmtude is independent of - frequency.

A further object is to provide improved reactance tube
circuitry which employs a-single-ended. reactance tube.

Still another object is to provide improved reactance
tube circuitry which employs a balance push-pull react-
ance tube arrangement.

These and: other wbjects of the invention will be ex-
plained or will become appanrent to those skilled in the
art when this specification-is read in- conjunction-with the
accompanying drawings wherein:

Figure 1 shows a single-ended teactance tube circuit
which illustrates one form- of the invention;

Figures 2A and 2B are vector diagrams of the voltage
relationships established by the circuit shown in Figure 1;

Figures 3A and 38 show respectively a first variant of
the circuit shown in Figure 1 and a vector- dlagnam for
the first variant;

Figures 4A and 4B show- respeotwely a second variant
of the circuit shown in F1gure 1-and a vector diagram for
the second variant;

Figures 5A: and 5B show respectively ‘a third variant
of the circuit shown in' Figure 1 and a ‘vector- dlagram
for the third variant; "~

Figure 6 shows a founh Vanant of the c1rcu1t shown
in Figure 1;

Figure 7 ShOWS a push‘pull reactance tube c1rcuxt which

»1Lllustlrates @ second form: of the invention;

Figure 8- shows a variant of the circuit shown in Fig-
ure 7; and

Figure 9 shows a push-push reactance tube circuit
which illustrates-a third: form: 6f the invention.

Briefly- stated, our invention contemplrates an_oscilla-
tor having a frequency determining tank circuit includ-
ing a capacitance shunted by an inductance. A network
including resistance and reactance elements connected
in series is connected across the inductance. We provide
a reactance. -tube, which preferably is & pentode but which
may be any high vacuum tube havmg at least one con-
trol grid, whose anode-cathode circuit is connected across
the inductance. The contiol grid-cathode circuit of the
tube is connected: between the junction of the elements in
the network and a point on the inductance ‘which is in-
termediate to the ends.- By virtue of this arrangement,

-and by suitably choosmg the values of the reactance and

resistance elements, it is possible to adjust the grid-plate

- phase shift to exactly 90° for any one osc1llaton' fre-‘

quency.

"In’ addition, the pmpertles of ‘the phase shift network
are-such- that the- malgmtude of the voltage feedback: for
the plate-to:the grid remains subsﬁantlally consvant a:md
is independent:of frequency. - ‘ :



s,"b’l‘he mcoming modulanng' signal which is to modulate .

the frequency of the oscillator output signal may be ap-
plied either to the control grid or another grid. This
-single tube arrangement greatly reduces the magnitude of
: the apparent resistance injected into the tank circunit. . -
In order to obtain substantially complete cancellation
of this injected resistance as well as to obtain additional

5

-circuit stability and sensitivity, we provzde a second react-

-ance.tube whose plate-cathode circuit: is_in push-pull or
-push-push_connection with the - -corresponding circuit :of
the first tube and whose control grid-cathode circuit. is
.connected to.a second network shunting the tank circuit.
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-In;this situation;. the modulating signal .is:fed in push- o

pull to both tubes. The effect of this arrangeinent.is.to
«cause one tube to inject a_positive resistance component
-into the tank while the-other:tube!injeéts an. equal but
.megative. component into the. tank these components vir-
.tually cancel each other. ...

.:‘Referring to Figure 1, an 1ncom1ng modulatmg SIgnal
sub]ect to frequency variations.is applied ‘to-a grid.2 of
electric discharge means which maybe.& pentode 3. . The
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.anode-cathode circuit of -this valve:is connected .between ]

‘terminals 4 and 5 which are in turn connected to opposite
-ends of an inductance 7. Inductance 7 shunts capaclty 8
.to form resonant circuit 9 therewith. . 'This circuit is the
tank-circuit of a conventional oscillator 1.
- The midpoint 10 on inductance 7 is connected. through
terminal 6 and capacitor 16 to. the cathode 11 of valve 3.
.The-series combination of a fixed resistor.12 and-a varia-
ble capacitor 13 is connected bewteen terminals 4 and. 5.
.The junction 14 of resistor 12 .and capac1tor 13.may be
connected to grid 2 of valve 3 but, in th1s example, is
connected to grid 15 o

In order to understand the operatlon of thls c1rcmt ar-
-Tangement, it will be necessary to refer to the vector
diagram shown in Figure 2A. The voltage developed
across inductance 7 appears between terminals 4 and 5
and is identified as voltage A. - The -voltage produced
across the terminal 4 and 6 is in phase with voltage A
-and. is equal-in magnitude to one half this voltage; this
produced voltage is identified as voltage B.: The sum of
the voltages developed between terminals 4 and 14 (the
voltage across resistor 12 identified as voltage C)- and
teminals 14 and 5 (the voltage across capacitor 13 identi-
fied .as voltage D) must be equal to voltage A. . There-
fore, voltages A, € and D form a closed trxangle
voltage developed between terminal 14 and. 6 is the feed-
back voltage apphed between the grid 15 and cathode 11
of valve 3 and is identified as voltage E.

It will be apparent that if capacitor 13 1s ad;usted to
have a reactance"equvql_tg the resistance of resistor 12 at

the central frequency of oscillator 1, voltages C. and D~

will be equal in magnitude and voltage E will be-exactly
90° out of phase with voltage A. In other words, the
feedback voltage applied between grid 15 and cathode 11
is exactly 90° out of phase with the plate voltage of valve
3. By adjusting capac1tor 13.it is, of course, possible to
adjust this phase angle in either direction about 90°..
Therefore, when the oscillator is operating at its cen-
tral frequency, the phase shift is exactly 90°;, and no
resistive component is 1n]ected into tank circuit 9.
- When a modulatmg signal is supplied to grid 2, an ap-
parent reactance is introduced into tank circuit 9 and its
resonant frequency is changed. - Consequently, the re-
actance of capacitor 13 also changes, and voltage C.and
D are no longer equal. However,‘ as will be.seen from
Figures 2A and 2B, the magnitude of voltage E does.not

change with frequency, since. voltage E is -a vector which

represents the radius of a:circle centered at. teminal. 6
‘and havmg a circumference extendmg through: termmal
4, 5 and 14.
- As the capacitor reactance: changes with. frequenc},,
however, the phase angle between voltages.E and A is no
longer 90° but is shifted to a somewhat larger or staller
angle depending on the directioncin- which the oscillator:
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frequency is shifted.. As this angle varies from 90°, a
small component of voltage E is developed which is either
in phase or opposed-in phase with voltage A and is capa-
ble of introducing a resistive component into circuit 9.

Figure 2B shows the relationships between voltages
when the frequency of oscillator 1 is increased beyond its
central frequency. The reactance of capacitor 13 de-
creases, so -that the magnitude of voltage D decreases.
Wkhen voltage A is constant, as in this case, the sum of
voltage C and D remains constant, so that voltage C in-
creases. -Consequently, the phase angle between voltage
E and voltage A is decreased; and voltage F, which is a
component of voltage E, is devéloped which is in phase
with voltage A. The resmtance component thus intro-
duced is negative.

If the oscillator frequency were decreased below the
central frequency, the phase angle would be larger than
90°, voltage component F would be in phase opposxtlon

-with voltage. A, and the resistive component is positive.

In exther situation, however, the resistance component
is much. reduced -as compared to prior systems of  this
kind. * For example, the magnitude of the voltage fed

-back from the plate to the grid is maintained substantial-

ly.constant so that this voltage does not introduce a varia-
ble resistance component into the tank circuit. More-
over, the range of variation .of .the resistive component
with oscillator frequency is much less than prior systems
due to the elimination.of this component at the oscnllator
central. frequency.

If the phase shifting: network connected across termi-

"in Figure 3A which includes variable inductance 17 and
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resistance 12 in series connection, the operation of the

-arrangement of Figure 1 will be exactly the same as will

be seen from the vector diagram shown in Figure 3B.
In Figure 3B, H. represents the voltage across the in-

'_ductance 17 and all other voltages are identified in the

same manner as before.. Since the reactance of an in-
ductance increases with increasing frequency, the vector
‘diagrams-shown in Figure 2B and Figure 3B. are equiva-
lent and result in the same type of circuit operation.

If ‘the phase shifting network connected across termi-
nals 4 and 5 of Figure 1 is rearranged as shown in Figure
4A, the circuit will operate.as before except that the re-
sistance. component is positive when the oscillator fre-

quency exceeds the central frequency and is negative when

the oscillator frequency falls below the central frequency.
Figure 4B shows the vector relattonshlps eetabhshed by

- this rearrangement, -
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Another form of the phase shlftmg network is shown
in Figure 5A and includes resistance. 12 and variable in-
ductance 17 in serial; connection. The resulting vector
diagram is shown in-Figure 5B. Comparison of Flgures
4B and 5B will show that these two diagrams are equiva-
lent and result in the same type of circuit operation. . -

F;gure 6 shows a slightly different arrangement of
Figure 1 wherein the tube 3 does not shunt the entire
tank, but rather only shunts the section of inductance 7
included between termmals 4 and 6. The coeﬁicxent of
coupling bétween the shunted and unshunted sections of
inductance 7 is chosen to be substantially unity. Conse-
quently, the effect of tube 3 is reflected from. the shunted
section into the unshunted sectlon, and the circuit opera-
tion is identical with that shown in Figure 1.

As will be apparent from the foregoing dlscussmn, our,
single reactance tube arrangement greatly reduces the
magnitude of the resistive component and _therefore. re-

. duces the undesirable amplitude modulation in - like

70

manner.

In-order to substantlally ehmmate thls component it
is ‘mecessary to use two tubes so connected that the re-
sistive components mtroduced by these tubes cancel each

- other. -

75

Figure 7 shows one such arrangement. Valve 3 rand
its associated phase-shifting network are connectéd- across
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the tank circuit 9 in like manner to the connection shown
in Figure 1. Valve 3 has its anode-cathode circuit con-
nected across the tank in reverse sense with respect to
valve 3'. A second network consisting of resistance 12
and variable capacitor 13’ is -connected between termi-
nals 4 and 5, and the junction 14’ of this resistance and
capacitor is connected to the control grid 15" of valve 3.
The incoming modulating signal is applied in push-pull
across terminals 2 to drive valves 3 and 3’ accordingly,

Capacitors 13 and 13’ are adjusted so that the grid-
plate phase shift for each valve is set for 90° at the oscil-
lator central frequency. Consequently, the control grids
of these two valves are effectively in parallel. (The two
networks which include respective resistances 12 and 12’
and respective capacitors 13 and 13’ are required because
of the variation in valve characteristics. In the event that
both valves had identical characteristics, only one net-
work would be required.)

The vectorial relationships of the voltages applied to
valve 3 are shown in Figure 2A. The relationships of the
voltages applied to valve 3’ are the same except that the
voltage A is reversed in direction due to the 180° phase
shift between the plate voltages of these valves.

it will be apparent that as the oscillator frequency is
shifted to either side of the central frequency, one valve
injects a positive apparent resistance into the tank circuit
while the other valve injects a negative apparent resist-
ance into this circuit. Since the magnitudes of these ap-
parent resistances are approximately equal, the desired
cancellation takes place.

‘Moreover, by virtue of the push-pull operation, the
direct current drifts of the two valves substantially can-
cel each other, reducing central frequency drift; the
effects of changes in operating voltages are substantially
reduced; and the oscillator frequency shift for a given
change in the modulating signal is sharply increased.

Figure 8 shows a slightly different arrangement of
Figure 7. Valve 3 is connected across one half of in-
ductance 7 while valve 3’ is connected in reverse sense
across the other half -of this -inductance. Due to the
very high coefficient -of coupling between both halves of

“the inductance, the apparent resistance injected into one
half section is reflected into the other half section and
again cancellation takes place.

From consideration of Figures 2, 3 and 4, it will be
seen that it is possible to drive the control grids of valves
3 and 3’ in push-pull and connect the anode-cathode
circuits of these valves in push-push; cancellation will
then take place as before.

Figure 9 shows ome such arrangement. The plate-
cathode circuits of both valves are connected in parallel.
The control grid of valve is ccnnected to the junction
14 of resistance 12 and variable capacitor 13'. The
control grid of valve 11’ is connected to the junction 14
of resistance 12’ and variable inductance 20.

The vectorial relationships for valves 3 and 3’ are
shown in Figure 2A and Figure 5B respectively. It
will be seen from these figures that the desired can-
cellation must occur.

‘While we have shown and pointed out and described
the fundamental novel features of the invention as ap-
plied to preferred embodiments, it will be understood
that varicus omissions and substitutions and changes in
the form and details of the device illustrated and in its
operation may be made by those skilled in the art without
departing from the spirit of the invention. It is our
intention therefore, to be limited only as indicated by
the scope of the following claims.

We claim:

1. In combination, an inductance; a network connected
across said inductance and including in serial connection
a resistance element and a reactance element; and an
electric discharge valve provided with anode, cathode
and control grid electrodes, one of said cathode and grid
electrodes being coupled to the junction of said elements,
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the other of said cathode and grid electrodes being cou-
pled to said indiicfance at a point intertediate the ends
thereof, the anode-cathode discharge path of -said. valve
shunting said inductance. '

2. In combination, an inductance; a network shunting
said inductance and including in series connection a
resistance element and a reactance element; an electric
discharge valve provided with ‘anode, cathode and con-
trol grid electrodes-and circuits therefor; means connect-
ing the anode-cathode circuit of said valve across said
inductance; and means coupling the grid-cathode electrode
circuit of said valve between the junction of said .ele-
ments and a point on said inductance intermediate -its
ends.

3. The combination as set forth in claim 2 wherein said
reactance element is a capacitance. L

4. The combination as set forth in claim 2 wheéiein said

junction is coupled to said control grid and said in-

ductance: point is coupled to said cathode.

5. The combination as set forth in claim 2 wherein said
inductance point is the inductance midpoint.

6. The combination as set forth in claim 2 wherein said

_reactance element -is an inductance.

7. In combination  with an oscillator provided with
a tank circuit including in parallel connection an in-
ductance and a capacitance, ‘a reactance tube device
responsive to an incoming control signal and. comprising
an electric. discharge valve provided with an anode, a
cathode and first and. second control .grids; means con-

_necting the valve discharge path across said. inductance;

a network including a resistive and a capacitive element
in series: connection; means connecting said network across
said inductance; means coupling said first grid to the
junction of said elements; means coupling said cathode
to said inductance: at its midpoint; and means to supply

.said control signal to said second-centrol grid.

8. The combination as set forth in claim 6 wherein one
element in said network is variable. ‘

9. In combination, an inductance; a network shunting
said inductance and including in series connection a re-
sistance ¢lement and a reactance ¢lement; an -electric
discharge valve provided with anode, cathode and con-
trol grid electrodes and circuits therefor; means -con-
necting the anode-cathode circuit of said valve across a
section of said inductance; and means coupling said
control grid to the junction of said elements.

10. In combination with an inductance, first and sec-
ond electric discharge devices, each device being pro-
vided with anode, cathode and control electrodes and
circuits therefor, the anode-cathode circuits of said de-
vices being connected across said inductance in push-pull
connection, a network including in series a resistance
and a reactance, said network shunting said inductance,
and means coupling the grid-cathode electrode circuit
of each device between the junction of said resistance
and a point on said inductance intermediate the ends
thereof.

11. In combination with an inductance, first and sec-
ond electric discharge devices, each device being pro-
vided with anode, cathode and control electrodes and
circuits therefor, the anode-cathode circuits of said de-
vices being connected across said inductance in push-pull
connection; first and second networks, each network
being connected across said inductance and including in
series a resistance clement and a reactance element;
means coupling the grid-cathode electrode circuit of
said first device between the junction of said elements in
said first network and a first joint on said inductance
intermediate the ends thereof; and means coupling the
grid-cathode electrode circuit of said second device be-
tween the junction of said elements in said second net-
work and a second intermediate point on said inductance.

12. Apparatus for varying the resonant frequency of
a tank circuit in accordance with an incoming signal,
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_‘séid‘-‘;}tain‘k ‘circuit ‘inchiding an inductance shunted by a

“¢apacitance, said apparatus comprising first and second
“electric discharge devices, each device provided with an

anode, a cathode, and first and second control grids and _
- circuits therefor; means connecting the anode-cathode cir- -

. «cuits of both devices in push-pull across said inductance;
“first ‘and second networks connected in parallel with
- each other and with said inductance, each network in-

- cluding resistance and capacitance elements in series con-.
" nection, one of said elements being variable; means cou-

" 'pling the cathodes of both devices to the midpoint of
" said inductance; means coupling the first grid of said

first device to the junction of said elements in said first

sense, a. network including in series a resistance and a
reactance, said network shunting said inductance, and

. means coupling the control grids of both devices to. the

10

..network and coupling the first grid of said second device . .
“to the junction of said elements in said second network;
. and .means to apply said incoming signal in push-pull
' to the second control grids of both devices.

13. In combination, an electrically closed loop includ-

ing in serial connection in the order named first and .

“ second inductances, a resistor and a capacitor, said loop

further including first and second output terminals re-
spectively connected to the junction of said inductances
and the junction of said resistor and capacitor, and first
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and second input terminals respectively connected to..
" the ends of said first and second inductances remote from

the junction thereof; and an electric discharge valve pro-

- vided with anode, cathode, and control grid electrodes

and circuits therefor, the anode-cathode circuit being con-

25

- mected between said input electrodes, the grid-cathode ..

electrode circnit being connected' between said output

- electrodes.

-electric discharge devices, each device being provided
“with anode, cathode and control grid electrodes and cir-

14. In combination with an inductance provided with
a terminal point intermediate its ends, first and second

cuits therefor, the anode-cathode circuit of said first de-

- vice being coupled between one end of said inductance

and said terminal point, the anode-cathode circuit of said
second device being coupled between the other end of

“said inductance and said terminal point, the anode-cath-
ode circuits of said devices being connected in reverse
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Jjunction of said resistance and reactance.

15. In combination with an inductance, first and sec-
ond electric discharge devices, each device being pro-
vided with anode, cathode and control grid electrodes and
circuits therefor, the anode-cathode circuits of said de-

.vices being connected across corresponding half sections

of said inductance in push-pull connection; first and sec-
ond networks, each network being connected across said
inductance and including in series a resistance element

-.and a reactance element; means coupling the control grid

of said first device to the junction of said elements in said
first network; and means coupling the control grid of
said second device to the junction of said elements in
said second network. :

16. In combination with an inductance, first and sec-
ond electric discharge valves, each valve being provided
with anode, cathode and control electrodes and circuits
therefor, the anode-cathode circuits of each valve being
connected in parallel across a section of said inductance;
first and second metworks-connected in parallel across
said inductance, said first network including a resistance
element and a capacitance element in serial connection,
said second network including a resistance clement and

"an inductance element in series connection; means cou-
" pling the grid of said first valve to the junction of said

clements in said first network; and means coupling the
grid of said second valve to the junction of said elements

“in said second network.
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