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An object of the present invention is to provide
a frequency modulation transmitter which re-
quires & minimum number of tubes. To this end
the usual reactance tube provided in certain.types
of wave length modulators to alter the natural
phase or frequency of the tuned circuit of an
oscillator is eliminated by providing in the oscil-
Iator itself not only a regenerative feedback but
also a quadrature feedback for effecting the fre-
quency of the generated oscillations.

A further object of the invention is to provide
& quadrature feedback which is under control of

modulating currents and which reverses in sign .
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with reversal of sign of the modulating current.
In describing my invention in detail reference

will be made to the attached drawing wherein the

single figure illustrates schematically a eircuit

arrangement including the features described -

above and others.

Referring to the drawing, the circuit which
determines the unmodulated or carrier frequency
is marked “Tank” and a regenerative feedback
voltage is derived therefrom by coupling § and
applied o one grid, say {0, of the tube 8 to pro-
duce oscillations. The phase of this feedback
voltage is in exact opposition to the phase of the
voltage across the tank circuit and 1is, therefore,
co-linear in phase with the plate current of tube
8. The plate current, however, passes through
not only the resonant tank, which acts like & re-
sistance, but also through the parallel combing-
tion of a pair of coils, {4 and 16, wound on satu-
rable iron cores 18 and 26. A third coil, 22, is
equally coupled to the two circuit branches in-
cluding the saturable core coils, but this coupling
is of opposite polarity with respect to the said two
coils so that no voltage is induced in the third
coil 22 when the currents in the aforesaid two
coils are equal. If, however, the equality of these
currents is upset, a voltage will be induced in the
third coil 22 which voltage will be 90° out of phase
with the plate current, being 90° in advance or
90° lagging according to the direction of upset
of the balance. The reason the voltage is 90° out
of phase with the plate current is because the
currents in the two iron core coils 14 and 16 are
necessarily in phase with the plate current and
the voltage induced by inductive coupling to the
third coil 22 is necessarily in phase quadrature
with the current in the inducing coil. This quad-
rature voltage, applied to second grid 24 in the
oscillator tube 8, causes the plate of the tube to
draw a leading or lagging component of current

and, therefore, to act like a' reactance element in
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shunt with the tank circuit. This, as is well
known, changes the frequency of oscillation.

In order to upset the equality between the cur-
rents in the iron core coils, I provide additional
windings 30 and 32 on each core arranged to be
traversed - by ‘modulation current supplied by
transformer 34. The modulation currents are so
directed in these two windings that the satura-
tion of one of the cores is Increased, while that of
the other core is decreased, This is because the
direct component of plate current is also flowing
in the other two windings on the cores so that the
effect of the modulation current adds to the
saturation of one core when it subtracts from the
other core, With different degrees of saturation
the effective inductance of the windings is no
longer equal and, therefore, the alternating com-~

- ponents of plate current no longer divide equally
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between the two parallel circuits. It should be
noted that radio frequency chokes R. F, C. are
included in the modulation current circuit to
brevent the flow of radio frequency current there-
in, '

For simplicity, I have shown the two feedback
voltages, one regenerative and the other reactive,
applied to separate grids, but it will be: appre-
ciated that if desired these two voltages may be
added together and applied to a single grid with
the same result.

It will be understood that the system may -
operate to produce frequency or Phase modulated
waves or waves having the characteristics of
phase and frequency modulated waves by using
unmodified or modified modulating potentials at
84. The term “wave length” as used in the claims
is to mean phase or frequency modulation or both.

I claim:

1. A combined oscillation generator and wave
length control circuig including a tube having
an anode, a cathode and a plurality of contro}
grid electrodes, a tank circuit including an in-
ductance, a regenerative feedback from the anode
of the tube to g control grid thereof by way
of said tank circuit, said feedback including an
inductance connected between a control grid and
the cathode and ‘coupled to sald tank cireuit
inductance, a first Teactive feedback coupling
from the anode of the tube to & control grid
thereof, a second reactive feedback coupling from
the anode of said tube to g control griq thereof,
said second reactive feedback being of a polarity
opposite to said first named reactive feedback,
and means for differentially varying said reac-
tive feedbacks in accordance with control volt-
ages. .
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2. In a wave generator and wave length con-
trol system, an electron discharge tube having
an anode, a cathode and a plurality of control
grid electrodes, a tank circuit including an in-
ductance, a regenerative coupling from the
anode of said tube to the one control grid thereof,
said coupling including said tank circuit, a first
reactive feedback coupling from the anode of
said tube to another control grid, a second reac-
tive feedback coupling from the anode of said
tube to said other control grid, said reactive
couplings providing substantially equal reactive
feedback, and means for relatively varying said
reactive feedback couplings in accordance with
control potentials.

3. In a wave generating and wave length con-
trol system, a tube, a parallel tuned tank circuit,
8 regenerative coupling including said tank cir-
cuit between a tube output electrode and a tube
input electrode, two iron core windings in series
with said tank circuit, & third winding coupled
in opposed polarity to said two windings and
also coupled to an input electrode of said tube,
and means for relatively controlling the satura-
tion of the cores of said two iron core windings
in accordance with control potentials.

4, In a wave generator and wave length con-
trol system, an electron discharge tube having
input and output electrodes including a cathode,
a tank circuit tuned to the frequency of the
wave energy to be generated, connections re-
generatively coupling said tank circuit between
a tube output electrode and & tube input elec-
trode and to the cathode, two windings coupling
an output electrode of said tube to said tube
cathode, a third winding substantially equally
coupled to said two windings and also coupled
to an input clectrode of said tube, the windings
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. input and output electrodes including a cathode,
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and arrangement being such that the couplings -

between the third winding and said two wind-
ings are of substantially opposed polarity and
substantially no voltage is induced in said third
winding, a source of modulating potentials, and
a coupling between said source and said two
windings to differentially vary the effective in-
ductance thereof and thereby relatively vary the
couplings between said two windings and the
third winding so that a resultant voltage, the
phase of which varies with said differential mod-
ulation, is induced in said third winding and
impressed on said last mentioned input elec-
trode. .

5. In a wave generator and wave length con-
trol system, an electron discharge tube having
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a tank circuit tuned to the frequency of the
wave energy to be generated, connections re-
generatively coupling said tank circuit between
a tube output electrode and a tube input elec-
trode and to the cathode, two windings coupling
an output electrode of said tube to said tube
cathode, a third winding substantially equally
coupled to said two windings and also coupled
to an input electrode of said tube, the windings
and arrangement being such that the couplings
between the third winding and said two wind-
ings are of substantially opposed polarity and
substantially no voltage is induced in said third
winding, a source of modulating potentials and
a coupling between said source and said two
windings ‘to differentially vary the effective in-
ductance thereof and thereby relatively vary the
couplings between said two windings and said
third winding so that a resultant voltage, sub-
stantially in phase quadrature with respect to
the phase of the current to said output elec-
trode to which said two windings are coupled
and the phase of which reverses as the polarity
of said differential modulation reverses, is in-
duced in said third winding and is impressed
on said last mentioned input electrode.

6. In & wave generator and wave length con-
trol system, an electron discharge tube having
a cathode, two control electrodes and an output
electrode, a tank circuit tuned to the frequency
of the wave energy to be generated, connec-
tions regeneratively coupling said tank circuit
between the fube anode and one of the fube
control electrodes and to the cathode, two wind-
ings coupling said output electrode of said tube
to said tube cathode, a third winding coupled
in opposed relation to said two windings and
also coupled to the other control electrode of
said tube, the windings and arrangement being
such that the couplings between the third wind-
ing and said two windings are of substantially
opposed polarity and substantially no voltage is
induced in said third winding, a source of modu-
lating potentials, and a coupling between said
gsource and said two windings to differentially
vary the effective inductance thereof and thereby
relatively vary the couplings between said two
windings and the third winding so a resultant
voltage, the phase of which varies with said
differential modulation, is induced in said third
winding and impressed on said last mentioned
input electrode. ’
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