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This invention relates- to a signaling system:
and in-particular to a system wherein oscillations’

of -substantially  constant -amplitude and - fre-
Guency are developed in a push- pull crystal con-
trolled oscillator ' stage —and: 51mu1taneously
modulated in phase i accordance Wlth potentlals
of tone cr signal frequency.

In systems known in the prior art, phase modu-

lation™is often accomplished in a single tube

10

crystal oscillator -stage. - Such a system has-the -

disadvantage of producing amplitude modulation,
as well “as phase modulation. In the present
system, any undesired amplitude modulation in-

- advertently preduced is eliminated to a large ex-
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“tent because it is balanced-out in the symmetrical
push-pull circuit, so-that only the phase modu-
lated carrier appears in the output circuit.

In all embodiments of my invention g pair of
thermionic tubes have their control grids and
anodes - connected - in  push-pull relation by
resonant circuits.” Excitation energy is supplied
to the resonant grid circuit-from a piezo electric

crystal or other eduivalent mechanical ‘vibrator,
which is'in turn connected to the anode circuit,
from  which energy of a- frequency and phase

angle which is the average frequency and phase"

angle of the oscillations in the anode tank circuit

is-fed back to the grid resonant circuit.w Thus, a

flywheel effect ‘is ' obtained, whereby there is-a
transier of energy to the tuned grid circuit from
the crystal or -equivalent element- and- to- the
crystal or equivalent element: from the tuned
anode ‘circuit. Due to said flywheel effect and
the filter effect of the crystal or similar element,
oscillations of constant frequency and phase and
amplitude are developed in the tuned grid circuit,
This'circuit is connected by phase shifting means
to the grids of the tubes and the tube impedances
are varied in opposition by the modulating poten-
tials so that the oscillations in each tube are
relatively phase shifted and. differentially ampli-
tude modulated. -Oscillations are set up in the
tuned anode circuit of a phase which is deter-
mined to a large extent by the phase of the oscil-
Jations from  the “tube supplying the greater
amount- of energy' to-the tuned anode eircuit.

The resonance inertia of the crystal or equivalent

element tends to hold a constant frequency and
phase angle which is the average frequency and
phase angle of the oscillations in ‘the andéde: eir-
cuit.

The modulating potentials may be applied to
the control grid or to'the anode where triodes or
screen grid-tubes-are utilized or to the screen grid
electrodes when:screen grid: tubés are utilized.

(CL.179—171)

A novel feature of one modification resides in
.means in the form of a non-linear element in
the cathede return circuit for controlling or limit-
ing the potential on the tube electrodes irrespec-~
tive of the amount of current flowing in the tube.
This element may be a resistance in which the
resistance varies inversely as the current intensity
therethrough, or in which the current varies sub-
stantially as-the square of the applied potential.

The: crystal ‘may -be operated at its funda-
mental frequency or at a harmonic thereof. The
grid circuit -may be tuned to the operating fre-
quency- of the crystal. The anode circuit may
be tuned to the operating frequency of the crystal
or to a harmonic thereof.

Many other novel features in my system and
advantages derived from the use thereof will be-
come apparent from the following detailed de-
scription thereof and therefrom when read in
connection with the attached drawings through-
out which like reference characters indicate like
parts insofar as possible, and in which:
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Fig.- 1 shows diagrammatically' a circuit ar- - -

ranged in accordance with my invention. In this
circuit,-a pair of thermionic tubes are connected
in’ oscillation generating circuits. The tube im-
pedances are modulated. at signal frequency to
modulate the phase of the oscillations generated;

Fig. 2 is a modification of the arrangement of
Fig. 1. In Fig. 2, the modulating potentials are
applied to the screen grid electrodes, whereas
they are applied to the control grid electrodes in
Fig. 1;

Fig. 3 is a modification of the arrangement of
Fig. 1. In Fig. 3, a crystal having four electrodes
has replaced the two-electrode icrystal of Fig. 1;
while - - e

Fig. 4 is a. modification of the arrangement of
Fig. 1. ‘In Fig. 4, the potentials applicable to the
electrodes in the tubes are controlled or limited

- by means of a non-linear device connected in the
cathode return circuit thereof. ]

In Fig. 1, a pair-of thermionic tubes E and F

- have their control grids 2 and 4 connected as
shown to the terminals of a resonant circuit B
comprising a condenser 8 in parallel with an in-
ductance 10. A variable phase shifting inductive
reactance L is connected between the grid 2 and
one terminal of B: A ‘variable shifting ca-
pacitive reactance C is connected between the
control grid 4'and the other terminal of B. The
cathodes or filaments 12 and {4 of the tubes are
heated by means of a circuit PC connecting said
filarnents with the heating source 16. The elec-
trical center of- the condenser 8 is connected to
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the filament heating circuit FC by a condenser
J. The impedance Z raises the point on 18 to a
small radio frequency potential relative to the
electrical center of 8 and to ground. Thus, the
electrical center of I8 is floating at radio fre-
quency relative to ground, provided the im-
pedance Z is of sufficient value. This prevents
splitting tuned circuit B and prevents parasitic
oscillaticns. A tuned circuit D is connected be-
tween the anode electrodes §8 and 20 of tubes
E and P, respectively. The tuned circuit I¥ com-

prises a condenser 22 and an inductive reactance -

24. This circuit may be tuned to the crystal
frequency or a harmonic thereof. A movable
point on the inductive reactance 24 is connected
as shown to one terminal of a piezo electrical
crystal X, the other terminal -of which is con-
nected to a movable point on the inductance 10.
The capacity of the crystal holder of X may be
neutralized by a condenser NC connected as
shown in parallel with the holder of X. 'The
points on {8 and 24 are selected so that regen-
eration is produced when the crystal oscillates.
If the crystal should stop oscillating, its holder
capacity being neutralized by NC, no oscillations
are preduced. The direct current grid circuit of
tube E comprises a resistance R and one half of
the secondary winding 8 of a transformer T, the
primary winding of which is connected to any
modulation potential source A. The grid direct
current -circuit of tube F comprises a resistance
R: and the other half of the secondary wind-
ing S of transformer T. The terminals of R and
R1 are grounded, as shown by radio frequency
bypass condensers H and Hi. These condensers
are of sufficient value to bypass the oscillations
to be modulated, but not of sufficient value to
short-circuit the secondary winding S. The
screen grid electrodes 28 and 30 are supplied by
direct current potentials from a direct current
source ¥2. Radio frequency potentials appear-
ing in the screen grid electrodes are bypassed to
the filaments by a bypass condenser K. Direct
current potentials for the anodes 18 and 20 of
tubes E and F are supplied from the source 32
connected as shown by way of a radio frequency
choke RFC to a point on the inductance 24. The
choke RFC prevents radio frequency potentials
from reaching the source 34. Any radio fre-
guency potentials which inadvertently pass RFC
are shunted around the sources 34 and 32 by a
radio frequency bypass condenser Kai.

In describing the operation of the system il-
lustrated in Fig. 1, it will first be assumed that
no modulating potentials are being supplied from
A and T to the control grids of the tubes. The
tubes, due to their plate impedances as deter-
mined by the resonant circuit D and their tuned
grid circuit connections, and the presence of
crystal X and the coupling between the same and
B and D, will generate high frequency oscilla-
tions which will appear in the tank circuit D.
Part of this energy in D is returned to the input
circuit B by way of a crystal X to produce re-
generation in a manner apparent to one skilled in
the art, so that a flywheel effect is obtained in
the circuit. Thus, sustained oscillations of a
fundamental frequency or a frequency which is
a harmonic of the crystal frequency of constant
amplitude and frequency, are produced in the
tubes and circuits and appear in . The excita-
tion voltage impressed on the grid of tube E is
retarded by phase shifting inductance L and
grid bias resistance R. The excitation voltage
impressed on the grid of tube F is advanced by
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the phase shifting capacity C and biasing re-
sistance Ri1, so that the voltages which would be
supplied from X by way of B in phase opposi-
tion to the control grids 2 and 4 are relatively
displaced in phase by L and C. If these im-
pedances L and C are balanced so that they have
the same effect on the high frequency voltages
supplied to the grids 2 and 4 and if the direct
current bias to the grids 2 and 4 is equal, in the
absence of modulating potentials, the high fre-
quency power supplied by each tube to the tank
circuit D will be the same and the oscillations
therein will have a constant phase angle which
will coincide with the average phase angle of
the excitation voltage reaching the grids. The
crystal X, due to its resonance inertia, tends to
hold a constant frequency and phase angle which
is the average frequency and phase angle of the
oscillations supplied thereto from the plate tank
circuit D, due to the resonance energy of the
crystal. Thus, the ecrystal is feeding oscilla-
tions of constant frequency and phase angle to
the tank circuit B, and for this reason the phase
and frequency of the oscillations in the grid tank
circuit B are also constant.

Now assume that modulating potentials of any
nature are produced in A and supplied from A by
way of T and resistances R and Ri to the con-
trol grids 2 and 4 of the tubes E and . These

medulating potentials are superimposed on the !

equal direct current potentials supplied to the
control grids so that the potentials of the con-
trol grids 2 and 4 will vary in phase opposition
at the signal frequency and the tube having the
lower bias at any particular instant will supply
the more power to the tuned tank circuit D.
Since the excitation to the grids 2 and 4 of the
two tubes B and F respectively has a phase dif-
ference as determined by L and C, power sup-
plied to the tank circuit D from the anodes 18
and 20 of the two tubes E and F will have a
phase difference. The phase of the oscillations
appearing in the circuit D will change approach-
ing that of the tube having the lower grid bias
(less negative) and therefore supplying the more
power to the tank circuit D. 'The amount of
phase change in the circuit D will be substantial-
ly proportional to the difference in power de-
livered by the tubes E and F to the circuit D. The

phase shift, however, will be limited by the phase :

difference of the excitation voltages applied to
the grids 2 and 4 of E and F irom B by way of
L and C, respectively.

From the above description, it will be apparent

that the potential variations from A will act on

the impedances of tubes E and F to produce cor-
responding variations of phase of the otherwise
normally constant frequency oscillations produced
in D.

The high frequency oscillations produced in E
and F and modulated in phase in accordance with
the modulating potentials from A may be supplied
from the tank circuit D to any utilization circuit.
For example, they may be supplied to a radiat-
ing system directly or to an output circuit, as
shown, which in turn may be coupled to the
radiating system by way of amplitude limiters,
amplifiers, or frequency multipliers.

The system shown in Fig. 2 is similar in nature
and operation to the system of Fig. 1, except as
otherwise noted hereinafter. In Fig. 2, the modu-~
lating potentials have heen applied to the screen
grid electrodes 28 and 30, rather than to the
control grid electrodes, as in Fig. 1. The changes
in the direct current circuits necessary for this
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modification ‘will be apparent, by a mere in-
spection of the drawings to one skilled-in the art.
The terminals of the secondary winding S are
conrnectéd directly to the screen gridelectrodes in-
stead of to the control grid electrodes.  The elec-
trical center of the secondary winding S'is con-
nected to the source 32, instead of to the filament
circuit F'C, as in Fig. 1. . The inductance Z of
TMg. 1, which raises the point on 10 above ground

radio frequency potential, has-been replaced by

8 resistive impedance Zi.

The operation of this arrangement is the same"
as the operation of the arrangement shown in Fig.

1.-"In Fig. 2, however, phase modulation of the
oscillations produced is accomplished by modulat-

ing the potentials applied to the screen grid elec~

trodes to thereby modulate the tube impedances,
whereas in Fig. 1; the tube impedances are modu-
lated by applying the modulating potentials to
the grid electrodes. The result is the same in
each’ case. :

“The nature of the- circuit of Fig. 3 and the
operation thereof is similar to the nature and
operation of the circuit of Fig. 1, except as other-
wise noted hereinafter. In Fig. 3, a resistive im-
pedance Z: replaces the inductive impedance Z
of Fig. 1. Moreover, here the crystal X has two
pairs of electrodes, cne pair of which is con-
nected by movable points on the inductance [0
ahd the other pair of which is connected to an
inductance 48 inductively coupled- to the in-
ductance 24. This arrangement ‘eliminates the
necessity: of: the ‘use of a neutralizing' condenser
NC and further increases symmetry in the circuits

5 developing the oscillations of contant frequency

in the absence of signaling potentials.

In the system of Fig.4, T have added additional
grid biasing means in the form of a.resistance R3
connecting the electrical center of S to ground
and by way of ground to a non-linear resistance
42, which is in turn connected to a pomt on the
secondary ‘winding Si of a transformer Tr, the
primary winding P: of which may be connected to

any source of alternating current. The second-’

ary winding S1 is connected to the filaments 2
and 4, respectively.  In order to balance out any
hum in the filter circuit, the electrical center of
S1 is also connected as shown, to the electrical
centers of resistances 44 and 46 connected in shunt
to the filaments 2 and 4, respectively., The non-
linear resistancé 42 is shunted by a bypass con-
denser 48. The screen grid electrodes 28 and 38
are supplied with direct current potentials by
way of & tapped resistor 58 connected as shown to

55 the source 32.

In operation, high frequency oscillations -of
constant frequency and phase and amplitude are
produced in the tubes E and P and circuits B
and D in the absence of modulating potentials
from A when the tube electrodes are energized by
the sources connected as shown, When modu-
lating poténtials are supplied from A to the grid
electrodes, the high -frequency oscillations pro-
duced are modulated in phase in the manner de-
seribed in detail hereinbefore in accordance with
the modulating potentials. . When the tubes E
and P are oscillating; grid bias is supplied by the
potential drop produced by the currents flowing in
Rs. The value of Ra is made such that a bias is
produced between the control grids and filaments
of a value such that the tubes E-and P operate
most efficiently to produce oscillations. 'The non-
linear resistance 42’ prevents excessive plate cur-
rent from flowing in the circuits When oscillations
are ~not' being  produced.’ The -non-linear’ re-

sistance 42 is preferably provided with a metal sur-

face to'insure good contact over the two faces or-

contacting ' portions of the resistance: element.
The -contact plates or- electrodes are preferably
large to thereby furnish additional cooling sur-
face.

one terminal of non-linear resistance 42 to there-
by insure a low impedance path to ground for the
relatively low oscillator frequency to which this
particular embodiment of my invention is prefer-
ably adapted.-

The manner in which high or low frequency os-
cillations -of constant phase-dre produced in E
and F and phase modulated therein at signal fre~
quency will be apparent from- the detailed de-
séription of the prior modifications. During op-

erdtion; the ‘resistance Rz supplies’a large part

of the negative grid bias. 'The-other part of the
negative grid'bias is supplied by the rectified grid
current passing’through phase shifting resistors
R and Ri.  The-plate current, passing through
the non-linear element 42, supplies positive bias
to the cathode elements 2 and 4 and has the
effect 'of adding negative grid bias. - When the
circuits stop oscillating, the negative grid bias
caused by the rectified grid current is lost. " Ordi-
narily, this would cause the plate current to in-
crease to such an extent as to damage the tubes.
The non-linearity of the element 42 inhibits this
increase in plate current to-a large extent. The
extent to which- the plate current is limited de-
pends upon - the size of the non-linear resistance
42, because the biasing or limiting action is in-
creased or multiplied by the falling current ris-
ing resistance- character of the element, which
tends to'hold a constant voltage across its elec-
trode. For example, if the tubes E and F stop
oscillating the negative bias produced by grid
rectified current in Ri, Rz and Rz decreases so
that normally the grids would be less positive
and the tubes- would draw excessive plate cur-
rent. However, as the plate current tends to in-
crease through 42 the potential drop through £2
increases at ‘a greater rate. This potential drop
makes.'the cathodes ‘more’ positive relative to
ground which has the same effect as making the
grids  more negative: This feature is very effec-~
tive in reducing the plate current to a value lower
than normal when the circuits stop oscillating for
any reason. 'The non-linear resistance may be
of any known type but is preferably of the type
known in the. art as “Thyrite”.

Although I have shown tubes of the directly
heated screen grid electrode type, it will be real-
ized that I contemplate the use of tubes of the
screen grid or. pentode: type. Moreover, such
tubes may have directly or indirectly heated fila-
ments. - Also, three-element tubes may be used
by neutralizing grid and plate capacities as it is
generally done.

What I claim is:

1. In a wave producing and modulating system,
a pair of electron discharge fubes each having a
control grid, a cathode and an anode, a tuned
resonant circuit, an inductive reactance coupling
one terminal of said resonant circuit to the con-
trol grid of one of said tubes, a capacitive react-
ance coupling the control grid of the other of said
tubes to the cther terminal of said resonant cir-
cuit, a second tuned resonant circuit connected
between the anodes of said tubes, a piezo electric
crystal ‘having a plurality of pairs of electrodes,
a circuit connecting a pair of said electrodes in
shunt to a part of said first named resonant cir-

The center points of resistors £4 and 46
are connected to the electrical center of S1 and to -
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cuit, a circuit coupling a second pair of the elec-
trodes of said crystal to said second named res-
onant circuit, a source of modulating potentials,
a biasing and phase shifting resistance connect-
ing the control grid of each of said tubes to the
filament of each of said tubes, and a circuit con-
necting said source of modulating potentials to
points on said resistances.

2. In a phase modulated wave signaling sys-
tem, a pair of tubes each having a control grid a
cathede and an anode, a tuned resonant circuit
connected by phase shifting reactances between
the control grids of said tubes, a second tuned
resonant circuit connected between the anodes
of said tubes, a piezo electric crystal having two
electrodes one of which is connected to a point
on said first named resonant circuit, a circuit
connecting the other electrode of said crystal to
a point on said second named resonant circuit,

a neutralizing condenser connected between the
electrodes of said crystal, biasing and phase shift-
ing resistances connected between the control
grid and cathode of each tube, a source of mod-
ulating potentials connected to points on said
resistances and a non-linear resistance connected
in a direct current circuit between the anodes
and cathodes of said tubes.

3. A gystem as recited in claim 2 wherein said
non-linear resistance is also connected in a direct
current circuit between the control grids and
cathodes of said tubes.

4. Tn a signaling system a pair of electron dis-
charge tubes each having s control grid, a cath-
ode and an anode, a circuit coupling the control

~grid of one of said tubes to the control grid of the

other of said tubes by way of reactances of dif-
ferent character, a tuned resonant circuit con-
nected between the anodes of said tubes, a piezo
electric crystal connected at one electrode to
said first named circuit, a connection between
another electrode of said crystal and a point on
said second named circuit, a source of modulating
potentials connecting the conftrol grids of said
tubes in push-pull relation, a direct current cir-
cuit connecting the control grids of said tubes to
the cathodes of said tubes, and a non-linear re-
sistance in said last named circuit.

5. A system as recited in claim 4 wherein said
non-linear resistance is also connected in a direct
current circuit between the anodes and cathodes
of said tubes.

6. A system as recited in claim 4 wherein the
capacity between the electrodes of said crystal
is neutralized.

7. In a signaling system a pair of electron dis-
charge tubes each having a control grid, an aux-
iliary electrode a cathode and an anocde, an alter-
nating current circuit connected by phase shift-
ing reactances of different character between the
control grids of said tubes and to the cathodes, an
alternating current circuit connected between the
anodes of said tubes and to the cathodes, a piezo-
electric crystal having a plurality of electrodes
one of which is connected to said first named
circuit, a connection between another electrode of
said crystal and a point on said second named
circuit, and means for applying modulating po-
tentials in phase displaced relation to like elec-
trodes in each of said tubes.

8. A signaling system as recited in claim 7
wherein a non-linear resistance is connected in
a direct current circuit between the anodes and
cathodes of said tubes.

9. A signaling system as recited in claim 7

2,111,603

wherein said second named alternating current
circuit is tuned to a harmonic of the frequency
of said crystal.

10. A system as recited in claim 2 wherein
said non-linear resistance is also connected in
a direct current circuit between the control grids
and cathodes of said tubes.

11. In a phase modulation system, a pair of
tubes each having a control grid, an anode, and
a cathode, a first alternating current circuit, a
phase advancing reactance connecting said cir-
cuif to the control grid of one tube, a phase re-
tarding reactance connecting said alternating
current circuit to the central grid of the other
tube, a second circuit connecting the anodes of
said tubes together, means including frequency
stakilizing means for producing regeneration in
said tubes and circuits to produce oscillatory en-
ergy of substantially constant frequency in said
second circuit, and means for modulating the
internal impedances of said tubes in phase dis-
placed relation at signal frequency to vary the
phase of the produced oscillations at signal fre-
quency.

12. In a signaling system a pair of electron
discharge tubes each having grid electrodes, a
cathode and an anode, a piezo-electric crystal,
a circuit tuned to a frequency equal to the nat-
ural frequency of said crystal, multiplied by a

whole number, a reactance coupling one termi- 3

nal of said circuit to the control grid of one of
said tubes, a reactance of different character
coupling the control grid of the other of said
tubes to the other terminal of said circuit, a sec-
ond circuit connected between the anodes of said
tubes, a connection between said piezo-electric
crystal and said first named circuit, a coupling
between said crystal and said second named cir-
cuit, a source of modulating potentials, and a cir-
cuit connecting said source of modulating po-
tentials between like electrodes in said tubes.

13. A system as recited in claim 12 wherein a
non-linear resistance is connected in a direct
current circuit between the anodes and cathodes
of said tubes.

14. In a signaling system a pair of electron
discharge tubes each having a control grid, a
cathode and an anode, a piezo-electric crystal, a
circuit tuned to a harmonic of the frequency of
said crystal coupled by reactances of different
character between the control grid of one of
said tubes and the control grid of the other of
said tubes, a second circuit connected between
the anocdes of said tubes, a connection between
the piezo-electric crystal and said first cireuit,
a circuit connecting said crystal to said second
named circuit, a source of modulating potentials,
and a circuit connecting the control grids of said
tubes in push-pull relation to said source of
modulation potentials.

15. A system as recited in claim 11 wherein a
non-linear resistance is connected in a direct cur-
rent circuit between the anodes and cathodes of
said tubes.

16. A phase modulation system as recited in
claim 11 wherein said frequency stabilizing means
comprises a piezo-electric crystal.

17. A phase modulation system as recited in
claim 11 wherein said frequency stabilizing means
comprises & crystal and wherein said second
named alternating current circuit is tuned to a
harmonic of the normal frequency of said crystal,

18. In a phase modulation system, a pair of
tubes each having a screen grid, a control grid,
an anode, and a cathode, a first alternating cur-
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rent circuit, a connection between a point on
said circuit and the control grid of one of said
tubes, a phase shifting reactance connecting a
different point on said circuit to the control grid
of the other tube, a connection between a third
point on said circuit and the cathode of said
tubes, a second alternating current circuit con-
necting the anodes of said tubes together, a con-
nection between a point on said second alternat-
ing current circuit and the cathodes of said tubes,
means including frequency stabilizing means for
producing regeneration in said tubes and circuits
to produce oscillatory energy of substantially con-
stant frequency in said second named alternat-
ing current  circuit, and means for impressing
modulating potentials in phase displaced relation
on. the screen grid electrodes of said tubes to
thereby vary the phase. of the oscillations pro-

.duced in said second named alternating current

circuit at signal frequency.

19.°A phase modulation system as recited in
claim 11 wherein a point on said first named
alternating current . circuit is connected to the
cathodes of said tubes by an impedance to raise
the alternating current potential of said point
above the potential of said cathodes to prevent
parasitic oscillation in said tube and circuits.

20. A phase modulation system as recited in
claim 11 wherein said first named alternating

5

current circuit comprises an inductance and a
condenser, in parallel, said condenser having an
element connected to the cathode of said tubes
and an impedance connecting said condenser
element to a point on said inductance wherehy
the latter point is floating at radio frequency
relative to the cathodes of said tubes.

21. A system as recited in claim 2 ‘wherein a
point on said first named tuned resonant circuit
is connected by an impedance to the cathodes of
said tubes.

22. The method of producing oscillations mod-
ulated in phase in accordance with signal volt-
ages which includes the simultaneous steps of
regeneratively generating two high frequency os-

- cillations of the same frequency but displaced

in phase by limited amounts, stabilizing the fre-
quency of said osciliations to prevent unwanted
phase or frequency displacement, combining said
oscillations to produce oscillations of a phase

~which is the resultant of said oscillations of dis-

placed phase, and differentially amplitude modu-
lating said phase displaced oscillations being
‘combined at signal frequency to thereby control

the relative amplitudes of the oscillations com- ¢.

bined and consequently the phase of the result-
ing oscillations in accordance with the signals.

GEORGE L. USSELMAN.
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