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FREQUENCY MODULATOR

Murray G. Crosby, Riverhead, N. Y., assignor to
Radio Corpoeration of America, a corporation

of _De!a.ware

Application April 13, 1937, Serial No, 136,578
47 Claims. . (CL 179—1715) .

This invention discloses a type of frequency
modulator wherein a high degree of stability is
maintained by the use of automatic frequency

- eontrol. The same controlling means is used
for automatically controlling the mean fre-
quency of the modulation as is used to produce
the frequency modulation. In this way & sim-
"ple frequency modulator with 8 high degree of
stability is obtained without the necessity of a
high degree of frequency multiplication.

In the prior art of generating frequency mod-

coni‘parable to a crystal controlled oscillator and

- yet the frequency of the oscillator can be varied
over ‘a wide range of frequencies linearly in ac-
' cordance with modulating potentials. Due to

10

ulation, one method used to - obtain frequency

modulation without sacrificing stability has been
the use of phase modulation with correction or
modification of the audio frequency modulating
potentials and the use of a high degree of fre—.
quency multiplication. Since the amount of
phase modulation which may be obtained in a
’ phase modulator . is effectively a very small
amount of frequency modulation, a high degree
" of frequency multiplication is necessary to ob-
tain frequency modulation by a phase modula-
tion and multiplication method. Also, the audio
correction necessary to correct the phase modu-
lation to frequency modulation involves the use
of correction' circuits which necessitates addi-

15

the wide frequency modulation which can' be
obtained in the modulated oscillator less fre-
quency multiplication is required to produce a
high degree of frequency modulation.

In the frequency modulator of this invention
automatic frequency control is-used to hold the
mean frequency of the modulated oscillator at
a fixed position. ' The oscillator energy is hetero- .
dyned to an intermediate frequency by means of
a crystal oscillator whose stability is very high.
This intermediate- frequency is passed through
frequency discriminating circuits and rectified so
that the rectified energy may be used to vary an
element voltage of a 'reactance tube connected

- to the tuned circuit of the modulated oscillator.

20
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tional amplification to make up for the losses .

induced by the correction ecircuits.

When the ordinary oscillator; utilizing tuned -

cireuits, is frequency modulated, in order to ob-
tain a high degree of frequency modulation with-
out encountering inertia or fiy-wheel effects, the
tuned circuit of the oscillator must be damped
or constructed with high losses so that the fre-
quency may be modulated at a high rate without
distortion to the higher modulation frequencies.
When this damping is applied to the oscillator
tuned circuit, or when low Q circuits are used
for the tuned circuit, the stability of the mean
frequency of the oscillator is reduced in accord-
ance with- the reduction id Q of the tuned cir-
cuit. Thus, the required damping of the tuned
circuit loosens up the stability of the mean fre-
aquency so that when the oscillator is frequency
modulated, the degree of modulation is depend-
ent upon the degree of stability present. - Hence,
mean frequency instability is attendant to a
-high degree of frequency modulation. -

40

My frequency modulator utilizes automatic

frequency control of a frequency meodulated
oscillator to insure s high degree of stability for
slow frequency variations or drift but its sta-
bility is loosened for frequency variations at sig-
- nal frequency. In this manner I provide a sim-

ple frequency modulated oscillator with stability 65.

Thus, mean frequency ‘variations of the oscil-
lator are converted to emergy which operates a
reactance in the said oscillator circuit in a man-
ner to compensate for said mean frequency vari-
ation tendencies. ‘These frequency variation
tendencies occur at rates which are slow com-

.bared to modulation frequencies ordinarily used

for signalling. Hence, signalling frequencies
may also be applied to an element voltage of the
reactance tube which will modulate the fre-
quency of the oscillator but which will not be
compensated by the automatic frequency control
circuits due to time constant circuits placed in
the automatic frequency controlling circuits.

In descriving my invention, reference will be
made to the attached drawings wherein;

Figures 1 and 2 each show a frequency modu-
lator circuit wherein the ‘mean frequency of the
oscillator is maintained constant and wherein
the frequency of the oscillator is modulated in -
accordance with signals or other controlling po-~
tentials; while oo

Figure 3 is a vector. diagram illustrating the
manner in which the frequency controlling po-
tentials are obtained. .

Figure 1 shows a specific embodiment .of the
principle employed in this invention. Tube ‘10 is
the oscillator tube, tube 20 is the reactance tube,
tube 30 is the frequency converter tube and tubes -
40 and 41 are diodes which have been shown as
separate tubes but may. be enclosed in a -single
envelope. The oscillator 10 having tuned circuit
13 is of the grounded grid type and has its output
coupled to power amplifier 5 and through 5 to
antenna 6. Unit 5 may also. contain amplitude
limiters and frequency multipliers. Part of ‘the -
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.energy from the oscillator circuit I3 is fed to one
of the grids, say 15, of pentagrid converter tube
30 by means of lead 16.  Grid leak 2 furnishes
bias for the grid 15. Tube 30 also.includes oscil-
lation generator elements 19, and 19’ connected
by piezo-electric crystal 14-and tuned circuit 14’
to the cathode and operated in a well known

manner to produce oscillations of a frequency.

determined by 14 and 14”. Preferably the circuit
14’ is tuned to be inductively reactive to the os-
cillations -produced. The oscillations produced
are impressed on or modulate the electron stream
of the tube 30 and reach the shielded anode 23 by
way of the electron stream only. Crystal 14, in

conjunction with anode tuned circuit (4’ oscil- :
lates at a frequency differing from the frequency

of tuned circuit 13 by a frequency difference
equal to an intermediate frequency. Thus, the
¢lectron stteam of tube 30 is controlled by oscil-

lations produced in 30 and by oscillations from :

0. The transformer consisting of primary and
secondary windings i7 and 18 is tuned to the said
intermediate frequency. The mid-tap of the sec-
ondary 18 of this transformer is connected

through a by-pass and coupling condenser C to :

the high intermediate fiequency potential side of
the primary winding {1 of the transformer.
Thus, the voltage applied to each of the diodes 40
and 41 is the combination of the voltage applied
to the high potential end of primary winding 11
and the voltage induced by winding IT in the
secondary winding 18. The transformer 71, 18

forms a retard circuit so that the voltage fed to

‘the diodes 40 and 41 is a combination or resuitant
of a retarded voltage and an unretarded voltage.
Thus, this coupling forms a frequency modula-
tion sloping filter in the manner described in the
- Crosby United States application #618,154 filed
June 20, 1932, Patent No. 2,229,640, January 28,
1941. In the arrangement of the said Crosby ap-
_ plication the retarded voltage is combined with

the unretarded voltage by means® of coupling

tubes. In the circuit of Figure 1 of this dis-
closure, coupling tubes are dispensed with and
the retarded voltage appearing at the trans-
former secondary 18 is combined directly with
the unretarded voltage appearing at its primary
{1 and supplied to I8 through coupling condenser
C. 'The energy from the frequency discriminat-
‘ing transformer 17 and 8 is differentidlly recti-
fled by diodes 40 and 4l. The rectified energy
appears in resistors 24 and 26 and a voltage char-

10
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plied frequency varies. Thus, if the primary and
secondary voltages are added vectorially, the ab-
solute magnitude of the. resultant vector will be
greater on one side of resonance than on the
other. The potentials at the ends of the induc-
tance of 18, i. e., at X and Y are 180° out of
phase because the center point is connected to
the primary (1. Thus two potentials “may be
produced, one maximizing above and one maxi-
mizing below the center or resonant frequency.
These voltages are applied to the rectifiers 40
and af. . . ¢
In Figure 3 let P represent the primary voltage
supplied by C to the anodes of 40 and 41. LetS
represent the voltage induced in 18 and assume

‘that the correct intermediate frequency is set up

in the primary |7 so that an exact phase quad-

rature relation is obtained between the primary

voltage P and secondary voltage S. Two result-~

ants R and Ra are produced and act through 40
and 41 to produce in 24 and 26 opposite and equal
currents and no potential is supplied by 40, 41 to

control the reactance tube 20 and in turn the

tune of 13. Under this condition the tuning of

i3 is adjusted to produce in 10 the frequency de-

sired as the mean frequency of the frequency

modulated transmitter. :

.Now assume that the mean intermediate fre-
quency slowly changes due to shift in frequency
of 10. The phase relation between.P and S
heretofore 90° changes and S takes up a new
position as shown at S$’ in Figure 3. The 180°
phase relation between the secondary voltage at
points X and Y remains. The vector R'a has
become longer while the vector R4 has become
shorter: Thus, the voltage on 4! has.become
greater and that on 40 smaller so that a re-
sultant is produced at 24 and 26 to act through
R:. to retune 13 in a direction to return: the

490 (intermediate frequency to the correct value. If

-t

the mean frequency shifts in the other direction
the vector relation of P and S changes and the.

_ voltage applied to 40 becomes greater than that

applied to 41 and 13 is tuned in the opposite
direction. In other words, if the proper mean
frequency is applied.to |1 equal voltages are
applied between X and ground and Y and ground.

_ These voltages are rectified in 40 and 41 and

5)

acteristic thereof is passed through time constant

elements R1Ci, or RiCz, depending on the position

of switch S, and thence through transformer sec-

ondary 29 and through grid leak 27 to the grid of
the reactance tube 20. : ! . .
The operation of the frequency discriminating
circuit comprising the intermediate frequency
transformer (T and I8 and the direct coupling C
to produce a potential of a value characteristic of
‘the extent of deviation of the mean intermediate
frequency from its eorrect value and of & polarity
characteristic of the direction of said deviation
from said correct value will now be described.
The differential direct current potentials pro-
duced in 24 and 26 whose magnitude and polarity
are determined by the amount and sign, respec-

tively, of the difference between the applied fre--

quency in 17 and the induced frequency in I8 is
obtained by rectifying action of 40 and 4i. Asis
known, a 90° phase relation exists between the
primary voltage in IT and the secondary .voltage
in 18 where 1T and 18 are loosely coupled and both
tuned. This phase relation changes as the ap-

‘appear in 24 and 26 flowing in opposite direc-

tions. - The potentials are equal and the net is
zero potential between Z and ground. However,
when -the applied frequency at #71 is incorrect
and departs from resonance the frequency dis-

. criminating circuit comes into play -and the

GO
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‘voltages between X and ground and Y and

ground are unequal.  Unequal drops in 24 and
26 produce a resultant potential at Z which
acts on 21. The polarity of this potential de-
pends on direction of frequency departure from
center frequency. Cs: and Cs are of low imped-
ance to ‘the intermediate frequency.

Reactance tube 20 is of the type in which . ~
a vacuum tube is convertéd into a reactance by
‘feeding an out of phase voltage to its grid. - Thus,
resistor Rz and -condenser Cs form a phase shift-

- ing-cireuit which shifts the voltage supplied from

the anoge 31 of 0 to the plate 33 of the re-
actance tube 20 so that it reaches the grid 28
of .tube 20 with a 90° phase lag. The value of
R: is made high as compared-to the reactance
of Cs Tor the frequency used so that the cur-
rent through the circuit is largely resistive and
is in phase with the voltage.. However, the volt-
-age drop through Cs3 will lead the current by sub-
stantially 90° and the desired phase relation
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necessary to produce the reactive effect in 20 is
obtained. i o :
The control tube 20 acts to vary the oscillator
frequency and this variation may be thought of
as if due to a variation in capacity, or.of an
inductance. The total oscillator circuit react-
ance may be considered to consist of two parts.
That part physically present as in the variable
tuning condenser and the tuning coil of circuit
13, and that part reflected by the control cir-
cuit of tube 20. The latter is a function. of the
intermediate frequency carrier frequency sup-

3

lator has & high degree of stability and will nob.
vary appreciably, This change in frequency is

-converted into a change in voliage appearing

- across the diode resistors 24 and 26 by means of

10

plied by 11 and 18, and its magnitude varies i

with the shift from the intermediate frequency
mid-band frequency. It will be noted that the
plate of conftrol tube 20 is coupled into the high
potential side of the tank circuit, and that the
grid of the control tube is excited by a voltage
which is 90° out of phase with that appearing
across the tank circuit. The plate current in
the control tube is then likewise out of phase
with the tank voltage, and accordingly, the con-
trol tube 20 looks like a reactance to the tank
circuit. A similar reactance tube has been de-
-scribed in Travis United States application
#4,793 filed February 4, 1935; and in Travis
. United Statés application #19,563, filed May 3,

15
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1935. New and improved reactance tubes have .

+ been ‘described in my United States application
#209,919 filed May 25, 1938, Patent No. 2,250,095,
July 22, 1941, - C . .

The sign of the reactance presented to the
tank circuit by the control tube depends upon
the nature of the impedance across which is de-
veloped a voltage to be fed to the input electrodes
of the control tube. The magnitude of the re-

30

flected reactance depends upon the sutomatic

frequency control bias impressed upon the con-
trol grid of control tube 20, as this varies the
mutual conductance, and proportionately the
magnitude of the plate current, of the control
~ tube. In Figure 1 there is shown one. method
of obtalning the out-of-phase excitation for the
grid of the control tube, and it will be noted
that this is accomplished by taking the voltage
across condenser Csz in series with resistance Ra
coupled with the tank coil 3 and anode 3i.
The effect of this arrangement is to produce an
inductive effect across the circuit. As the plate
current of tube 20 is decreased the shunting ef-
fect of the reflected inductance 1is decreased and
the "effective inductance ‘of* the circuit 13 will
therefore increase. -This results in a rise of oscil-
lator frequency. When the plate current to 20
increases the effective reactance supplied to cir-
cuit ‘13 increases and the frequency of. the pro-
duced oscillations falls. o A
The reactance of the tube 20 between its plate
38 and cathode 25 is connected as shown in shunt
to the anode 31 and grid 32 of oscillation gen-
‘erator 10 or effectively in shunt to the fre-
- quency determining circuit 13. The gain of
tube 20 controls the reactance between its elec-
trodes. The gain of tube 20 is controlled by the
potential on 28 and this potential is determined
in value by the deviation of the intermediate fre-
quency from résonance of transformer 17,. 18,
while the polarity of the potential supplied by
40, 41, and Ri to 27 and 28 depends on the direc-
tion of deviation of the intermediate frequency
from said point of resonance. ’

When the frequency of the oscillator 10 varies

. a given amount the intermediate frequency ap-

pearing in the plate circuit of tube 30 will vary

the same number of cycles since the crystal oscil~

40

‘the frequency discriminatilng transformer 11, (8

and the direct coupling C. After passing through
either one of the time constant circuits RiCy or
Ri1Cz the energy is passed to the grid 28 of the
reactance tube so that the reactance in the plate
of tube 20 is changed by an amount sufficient to
compensate for the change in frequency of the
oscillator. Thus, the mean frequency of the o0s-
cillator is automatically held to its selected mean
frequency at- a - stability dependent upon the
stability of . the crystal oscillator 20.and of the
frequency discriminating circuits C, 11, and 18.

Signal modulation may be. applied through
jack 3% and transformer 29 to the grid 28 of

‘the reactance tube 20 to vary the tuning of the

oscillator 10 and, in turn, the frequency of the
oscillator, 10. Sirice this signalling voltage will
alternate dt a rate which is too great to be
passed by’ time constant circuit RiC: or R;iCs,
the frequency deviations due to the signalling
waves will not be compensated for by the auto-
matic frequency control C and {1 and 18 in-.

‘cluding the intermediate frequency discriming-

tion circuits. Thus, the oscillator may be varied
at. & rate corresponding to. the signalling fre-
quency but may not be varied at a rate lower
than signalling frequencies so that.the slow

‘ drifts of mean frequency are compensated for
_without
lation.”

impairing the ,applied frequency modu-

-

‘The.circuit of Figure-2 contains the following

-additional modifications which may be applied

to the invention of the application: :
1. The use of a line controlled oscillator 30

for the heterodyning ‘oscillator. N o
2. The use of a different form of reactance

- tube 20 for varying the tuning of the modulated

oscillator i0. , :
3. The use of a limiter action (50) to remove

“unwanted amplitude modulation from the energy

GO
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5 applied to the automatic frequency control cir-

cuit. .

4. The addition of a monitoring cireuit to
monitor the quality of the frequency modulation.

The line controlled oscillator shown in Fig-.
ure 2 and comprising tube 30 and its associated
circuits including résonant line (4 may employ .
the principle of stabilizing the frequency of an
oscillator as deseribed by Messrs. C. W. Hansell,
and P. S. Carter in the Proceedings of the In-
stitute .of Radio Engineers, vol. 24, No. 4, April
1926. The title of this article is “Frequency
control by low power factor line circuits.” No
novelty is herein claimed as to the particular
type.of line controlled oscillator. to be used.

The reactance tube 20 of Figure 2 utilizes
broadly the method hereinbefore described  but
differs therefrom in several respects. Here the
reactance effect is obtained by applying the feed-
back voltage from the plate of the reactance
tube to its grid. Here however, new and im-
proved results are obtained by a simple arrange-
ment utilizing ‘suppressor grid modulation . as
described in my United States application . -
#209,919, filed May 25, 1938, Patent No. 2,250,095,
July 22, 1941. Elements Cs and R3 form the

feedback phase shifting circuit by means of

which potentials from the anode 33 of tube 20 are
supplied to the grid 28 of tube 20 in 90° phase
displaced relation relative to the phasé of the ,
voltage on 33. The reactance of Cs is made
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large compared to the resistance of R3 for the
frequency used so that current through the cir-
cuit is largely determined by the condenser.
Since the current is capacitively reactive, it leads
the voltage by 90°. The voltage in R3 will be in
. phase with the current through C¢Rs. Conse-
quently, the voltage across Rs is 90° out of phase
with respect to the voltage across CsRs and the
required phase relation is obtained. The con-
denser Cs may represent the capacity between 33
and 28 or may represent a separate condenser

supplementary said capacity. Modulating poten-

tials are applied to the suppressor grid 29.

The detector tube 50 of Figure 2, is separate
instead. of being included as a part of the penta-
grid converter as shown in Figure 1. 50 is a
diode so that diode limiting may be utilized at
this point ih the circuit. Briefly the principle of
operation of the diode limiter 50 consists in ap-
plying the voltage to be limited at a level which
is high compared to the voltage which is applied
for heterodyning. Since & diode detector is a

10

20

linear detector it detects the envelope of the -

. modulated wave applied at its input. The de-
tected output is proportional to the mesan voltage
of the modulated wave and the percentage of
modulation. Thus, Ih=kEM, where Ik is the
heterodyne output, k¥ a constant of the circuit
and tube, E the mean voltage and M the per-
centage of medulation. When the diode is used
as a heterodyne detector, the modulated wave is
due to variations in strength of the carrier wave

~and local oscillator wave which are applied at

the input. Hence the strongest of the two volt-
ages is modulated up and down by the addition
and subtraction of the weaker. The percentage
of modulation is therefore proportional to the
ratio between -the carrier and local oscillator
voltages, or M-—=Eo/Ec where Eo=—oscillator volt-
age and Ec=carrier voltage in the case where
the carrier voltage is the strongest. Since the
mean voltage will be equal to Ec, the heterodyned
output will be: )

: Eo

Ih_kE‘?XEcT’”E"

Consequently with the carrier voltage stronger
than the local oscillator voltage, the heterodyne
outrut is dependent upon the oscillator voltage

-only. This is the feature which dllows the de--

vice to be used as a limiter. By using such a de-
tector and adjusting the signal voltage so that
it is stronger than the local beating oscillator,
"the heterodyne output is constant for all values

of signal greater than equality with the local
" oscillator.
oscillator  the point where limiting "begins may
be adjusted. Thus, energy of relatively high

By varying the strength of the local

_Terman, page 228,

30

.odes 40, 41.
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_circuit enables the monitoring of the detected

frequency modulation which will appear “across
the diode resistors. This modulation appears at
the diode resistors by virtue of the transformer
11,718 which converts -the frequency modulation.
to amplitude modulation for detection by the“di-
Thus, the quality of frequency mod-
ulation obtained due to the application of modu-
lation potentials, through jack 35 and trans-
former 29, may be observed and defects noted.
- Tt will be noted that in Figure 2 oscillator tube
10 utilizes a somewhat different circuit than the
oscillator of Figure 1. The oscillator of Figure 2
utilizes a grounded-platé circuit in place of the
grounded-grid circuit of Figure 1. Both of these
circuits are particularly well adapted to the plac-
ing of a xeactance tube across the oscillator tun-
ing circuit. Any oscillator circuit with one side
of the circuit at radio frequency ground poten-

tial would be as well adapted as these two types . -

of circuit. For instance, a Meissner circuit would
be so adapted. For a diagram of the Meissner
circuit see the book “Radio Engineering” by F. E.
The “Reversed Feedback”
and “Tickler Feedback” circuits on the same page

~of that book would be likewise suitable.

This type of.circuit may be used to produce
phase modulation of the type wherein frequency

‘'modulation is corrected to phase modulation by

the use of a particular value of time constant
RiCi or RiCz. Thus, RiCi1 might be of such a -
value as would enable the production of fre-

" quency modulation, and Ri1Cz might be of such a

10

50
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amplitude from oscillator 10 designated herein- :

before as the carrier is fed from the tuned cir-
cuit 13 by means of link coupling 51 to the
tuned circuit 52 of the diode detector-limiter 50.
Energy from the tank circuit (4’ of the line-
controlled heterodyning. oscillator 30, 14, etc.,
designated hereinbefore as the local oscillator is
fed from circuit 14’ to the diode input circuit 52
by means of ‘link .coupling 53. The differential
transformer {1, 18 and diode detectors 40, 41, are
the same as described in Figure 1.

_The audio monitoring circuit consisting of am-
phﬁer tube 54 feeding through an output trans-
former 56 to jack 55 is coupled to the diode re-
sistors 24 and 26 at a point preceding the time
constant ‘circuit RiC1 or Cz through which the
automatic: frequency control energy is fed. This

60

value as would enable the production of phase

30 modulation. ‘Hence, by switching switch S either

phase or frequency modulation may be chosen.
The time constant RiCz for phase modulation
would be -of such a value as to allow the auto-
matic frequency control to partially compensate
for the frequency deviations of the lower signal-
ling frequencies. Hence, a frequency deviation
would be produced which would be proportional
to the audio frequenéy applied. A frequency
modulation with such roportlonahty is effec-

tively a phase modulation.

For frequency modulation, the time constant of
R:C: would be adjusted to a walue which is sub-
stantially-greater than the period of the lowest
modulating frequency. Thus for 4 lowest modu- .
lating frequency of 50 cycles, the time constant

.would be substantially greater than 14, of a sec-

ond—a value of about % second would be satis-

factory. With this value of time constant, RiC:

would st.ﬁlc1ently attenuate frequencies higher
than about 50 cycles so that only frequency
changes having a rate of change less than 50
cycles per second would be allowed to pass from
the frequency discriminating detector circuit to
the reactance tube! Hence if a modulating po-
tential having a frequency of 50 cycles or higher
were applied through transformer 29, the fre-
quency of the oscillator (0 would be modulated

¢ in accordance with the potentials and the auto-

65
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matlcifrequency control action would not oppose
the modulating potentials.

‘In the case of phase modulatmn preduction,
the time constant of RiC: is adjusted so that the
modulating potentials of lower frequency are op-
posed by the automatic frequency control action.
As.I have shown in my United States application
#618,154 filed June 20, 1932, Patent No, 2,229,640,
January 28, 1941, a Phase modulated wave is

"equivalent to a frequency modulated wave whose

modulating notentials have been distorted with
respect to their frequency characteristic such
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A
that the degree of frequency modulation is pro-
portional to the frequency of the modulating po-
tentials. That is, all that is necessary to produce

phase modulation on a frequency modulation -

transmitter is to add a correction ‘circuit to the
modulating potentials such that each modulating

5

frequency is applied with an amplitude propor-
tional to its frequency. Hence, the low frequency

modulating potentials must be attenuated with

respect to the high frequency modulating poten- -

tials or the high frequency modulating poten-
tials increased in amplitude in accordance with

their frequency. This may be done with the aid

of an audio ¢orrection network inserted in the
leads supplying the modulating potentials, but
it may be also done in ‘the novel manner of the
prasent invention. The method of the present

invention is to make the time constant RiCz of

such a value that the automatic frequency con-
‘trol action tends to reduce the degree of fre-
quency modulation for the lower frequency modu-
lating potentials. Thus, if RiCz is of such a value
that an appreciable amount of 50 cycle energy
will bé passed by it from the frequency discrimi-
nating detectors to the reactance tube, this en-
ergy will tend to oppose that applied through

10

15

20

25

transformer 29 and the degree of frequency mod=+ -

ulation for that modulation frequercy will be
reduced. For a higher modulation frequency the
attenuating effect of Ri1C: would be greater so
that there would not be as much opposition to
the modulating potentials and a greater degree
. of frequency modulation would result. 'This sort

30

of characteristic with a degree of frequency mod- -

ulation which rises 'as the modulation frequency
rises is just what is.desired to produce a phase
modulation wave.
for a time constant of 14 second, C: would be ad-
justed to have a reactance at the lowest modu-

lating frequency of about % the resistance of Ri.’

".Such an adjustment would ‘attenuate a modula-
tion frequency of 50 cycles by a rati® of 5:1 and
a modulation frequency of 5000 cycles by a ratio
of 500:1. The lower modulating frequencies

would therefore be attenuated less than the 'y

higher modulating frequencies so that the de-

Thus, instead of adjusting

40

gree of frequency modulation .of the lower modu-

lation frequencies would be reduced to a greater
extent. than that of the higher and a phase mod-

ulated wave would result. Various degrees and -

characteristics of attenuation could be obtained

by substituting. other elements for RiCq, for in-
stance a resistance in series with a condenser

could be substituted for Cz in order to decrease _

the rate at which the attenuation increased with °

frequency. The time constant circuit RiCi or
R:Cz might also ccnsist of other élements besides
resistance and capacity so as to produce the de-
sirgd correction circuit to correct the frequency
modulation into phase modulation. - This type of
: 'ﬁhase modulator. would be very advantageous

60

‘where high degrees of phase modulation are re-

quired. - ) .

It will be apparsnt to those skilled in the art
that the crystal oscillator energy might be sup-
plied from a separate unit which contained some
form of stable oscillator with or without fre-
quency multipliers. A multi-grid tube such as
the 6L7 could then be used as the frequency con-
verter in place of the pentagrid converter 30
shown in Figure 1. . o
. In a modification I utilize the principle of in-
verse feedback to reduce the distortion and still
obtain the increased stability which the circuits
of this application have. In order o apply in-

5
verse feedback o transmitters, the procedure em-
ployed is to receive some of the energy to be
radiated and apply this rectified energy to the
audio system at a phase such that the energy fed .
‘back opposes the energy applied as modulating
potentials. Thus, in the case of the use of in-
verse feedback on an amplitude modulation .
transmitter, some of the transmitted 2energy-
is rectified and fed back into the audio
system with .the polarity adjusted so that the
feedback 'and -applied - modulating potentials
oppose. This type of degeneration or inverse
faedback has the property of reducing dis-
tortion due to non-linearity and also tends to
flatten out the irequency characteristic. The
rrinciple of inverse feedback has been described
by H. S. Black in an article entiled “Stabilized
feedback amplifiers” in vol. 53, page 114; January
193¢ of Elecirical Engineering: (also in the
January 1934 issue of The Bell System Technical -
Journal). A notable use of the principle in a .
broadcast transmitter is described by Poppele,

. Cunningham and Kishpaugh in an article en-

titled, “Design and equipment of a fifty-kilowatt
broadcast station for WOR” in the Proceedings
of the I. R. E,, vol. 24, No. 8, August 1936.

In my application of inverse feedback to a fre-
quency modulation’ transmitter, I receive some
of the energy from -the frequency modulated
oscillator on a frequency modulation. receiver
consisting of a frequency discriminating circuit
and rectifiers.and then feed this rectified energy
in series with the modulating potentials at a
polarity which opposes the modulating potentials.
This procedure increases the required amplitude
of the modulation potentials for.a given degree

- of frequency modulation, but thi§ may be com-

pensated for by inserting additional amplifica-
tion in the modulating potential circuits.

{ The circuits of Figure 1 and Figure 2 are ideal-
ly adapted to the application of inverse feedback,
The only change necessary is to eliminate. the -
time constant consisting of Ri1, C1 or Cs or else
substitute a time constant of such value that it
will pass all of the frequencies in the modula-
tion band equally well. - The latter adjustment is

preferable since the time constant then tends to -
‘brevent - radio frequency energy from feeding -

back, but allows the modulating potentials to be
fed back without attenuation. With either of .

. these adjustments the detected output of the
.. diodes 40 and 41,

therefore, corresponds to the
“envelope” - of frequency modulations on the

‘energy from 13. . Thus, when this detected out-

put is fed back to oppose the applied modulating .
botentials, inverse feedback is obtained. with its
accompanying advantages. - o
The operation of these circuits with their time
constant circuits remoyed, or adjusted so that-
!:hey do not attenuate the modulating potentials,
Is in most respects the same as that of the circuits

With a higher value of time constant present.- :

- The only difference being in the requirement of

modulating “potentials of - higher amplitude.
Additional audio frequency amplifiers can. be
added to the equipment connected at 35 to 29.
This requirement would be compensated for by a
reduction of distortion with respect to liniearity
and frequency characteristic.- Since it is rather
difficult to obtain a_ frequency deviation which is-
in-exact linear accordance with-the modulating
potentials, the improvement in this respect is
greatly to be desired. e .

- In the phase modulation modification of these
circuits, inverse feedback is also used, but the
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feedback potentlals are attenuated by the time
constant circuit in a manner to produce a feed-
back which converts the frequency modulation
into phase modulation. This required a par-
ticular value of time constant to produce the
proper attenuation of the feedback energy. In
the case of frequency modulation, there are two
-adjustments possible one as previously described
where the time constant circuit allows only slow
variations to pass and thereby correct for slow
drifts in mean frequency, and the other in which
the time constant is removed and the feedback
potentials are allowed to oppose the modulating

potentials, but the modulating potentlals are in-
creased a compensating amount.

The second modification concerns the elimina-
tion of the step of heterodyning. For instance in
the case of Figure 1, tube 30 and its oscillator cir-
cuit may be removed and transformer i1, 18 may
be tuned to the frequency of oscillator i3, 10 and
fed directly by energy from oscillator 10. This
arrangement is not as preferable as the hetero-
dyne arrangement since the frequency discrimi-
nating circuit operates at a high frequency and
the reduced sgelectivity inherent to the higher
frequency will reduce . the degree of overall sta-
bility obtained. However, the advantages inher-

- ent to the inverse feedback are still present and
the system also has more flexibility with regard
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(2) W1th a time constant of a value some-

. what less than 1% second which would allow the

6
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automatic frequency control action to reduce the
degree of modulation on the lower modulation
frequencies. This adjustment would automati-
cally correct the modulating potentials so that
the frequency deviations of the lower modulat--
ing frequencies would be reduced and the result-
ing wave would then be a phase modulated wave
and the distorting network 40 may be removed
or adjusted to pass all potentials in like manner.

(3) With either no time constant at all or

" with a value of time constant which would not

attenuate any of the modulating frequencies.
This would result in a frequency modulation
transmitter which required a higher value of
modulating potentials than that required for the
adjustment of (1), but the stability with respect
to frequency drift would still be present, and in
addition the linearity of the modulation would
be -greatly improved. In order to produce 2

~ bhase modulatéd wave with this arrangement,

25

to change of operating frequency. The specific 30

arrangement of the circuit of Figure 1 to elimi-

nate the stép of heterodyning is to eliminate tube -

30 and all of its associated elements’ including
the primary tuned circuit 17. Tuned circuit 8

is then coupled directly to 13 and condenser C 35

tapped on coil 13 at the same position that lead
16 is tapped at present. »

The arrangement of Figure 2 may, in like man-
- ner, be modified to employ reversed feedback,

mean frequency control and frequency or phase 40

modulation by a tuned radio frequency control
receiver reactance tube control modulator etc., by

coupling 18’ directly to the circuit 13 and directly

to. circuit 13 by condenser C and removing 50, 51,
53, 1T, 14’ and 30 and its circuits. In this case
the operation is the same as described hereinbe-
fore except that the discriminator circuit com-
prising C and (8’ is operating at a higher fre-
quency and is dimensioned accordingly.

The principle of this invention utilizes inverse
- feedback for all of its adjustments. The differ-

ence between the various adjustments is a mat-

ter of adjusting the value of the time constant to
confrol the relative attenuations of the fre-
quencies fed back. There are three possible ad- 5
justments:

(1) With a slow time constant of the order of
15 of a second such that the feedback only cor-
rects for slow frequency deviations. This would
give a frequency modulation transmitter which
" would be-capable of being frequency modulated

at a relatively high rate, but which would auto-
matically reduce frequency deviations or drifts
.which were of a relatively slow rate, i. e., of a
rate lower than that of the lowest modulating
frequency. In order to produce phase modula-
tion with this adjustment; an audio correction
“circuit such as disclosed in my United States
application #608,383 filed April 30, 1932, now
Patent #2,085.739 dated July 6, 1937, may be in-
serted in the modulating potentials path as in-
dicated by dotted lines at 40 in Figures 1 and 2,
between the modulating potential source and the
transmitter .
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the modulating potentials fed to the transmitter
would have to have a correction circuit 40 ap-
plied which would make their amplitudes pro-
portional to their frequency in the known man-
nér of correcting a frequency modulation trans-
mitter for phase modulation emission as dis-
closed in my aforesaid apphcatlon

I claim:

1. In s wavelength modulatmn system, a high

frequency wave generator the mean frequency

of operation of which may vary slowly, means
for producing potentials characteristic of slow
variations in the mean frequency of operation
of said. generator, substantially inertialess means
connected with said generator and actuated by
said potentials and operating without mechani-

.cal movement for preventing slow variations in

the frequency of operation of said wave gener-
ator and means for modulating the length of the -
wave generated by said generator in accordance
with controlling potentials of a frequency great-
er than said slow variations.

2. In a wavelength modulation system, a wave
generator the mean frequency of operation of
which may vary slowly, electron discharge tube
means for producing potentials characteristic of
slow variations in the mean frequency of opera-
tion of said generator, additional electron dis-

- charge tube means connected with said gener- -
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ator and with said first named electron discharge
tube means and actuated by said produced po-
tentxals for preventing slow variations of the -
mean frequency of operation of said wave gen-
erator and. additional means cooperating with
said second electron discharge tube means for
modulating the length of the wave generated by
said generator in accordance with controlling.
potentials of a frequency greater than said slow
variations.

3. In a wavelength modulation system, a high
frequency wave generator the mean frequency of
operation of which may vary slowly, means con-

3 nected with said generator for producing poten--

tials characteristic of the slow variations in the
mean frequency. of operation thereof, substan-
tially inertialess means operating without me-
chanical movement coupling said first means to
said generator and actuated by said produced
potentials for preventing said slow variations of
the mean frequency of operation of said wave
generator and means for modulating the length
of the wave generated by said generator in ac-
cordance with controlling potentials of a fre-
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quency greater than said slow variations, said
two means having a part in common.
4. In a freguency modulation system, a sig-
nalling wave generator, an oscillation generator,
substantially inertialess means operating without
.mechanical movement actuated by oscillatory
energy from said generators for preventing slow
variations of the mean frequency of operation of
said signalling Wave generator and means for
modulating the frequency of said signalling wave
generator in accordance with controlling poten-
tials of a frequency greater than said slow vari-
ations, said two means having a part in common.
5. In a phase modulation system, a main oscil-
lation generator, an auxiliary oscillation gener-
ator, means coupled with both of said genera-
tors and actuated by energy produced by said
main generator and by said auxiliary generator

5

7

relative to the frequency of said second genera-
tor, a variable electfon discharge tube reactance
coupled to said first generator and actuated by
sald produced potentials for controlling the fre-
quency of said first generator to oppose said

- slow frequency variations, and means for im-

pressing additional controlling potentials on said

. variable -tube reactance for conttolling the fre-

10
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for preventing slow variations of the frequency )

of operation of said main generator, means for
- modulating the frequency of said main genera-
tor in accordance with signal potentials of a
Irequency greater than said slow variations, and
means for modifying said signal potentials in
accordance with their frequency. o
6. In a wavelength modulation system, an os-
cillation generator.of controllable frequency, an
oscillation generator of substantially fixed fre-
quency, means for producing potentials char-

acteristic of slow variations of the frequency of-

said first generator relative to the frequency of
said second generator; substantially inertialess
means operating without mechanical movement
energized by said potentials for controlling the
frequency of ‘said first generator to oppose said
. slow variations, and means for impressing modu-
lating potentials on said second named means
for modulating the frequency of said first gen-
ergtor.
7. In a frequency modulation system, an oscil-
lation generator of ‘controllable frequency, an
oscillation generator of substantially fixed fre-
quency, means for producing potentials charac-
teristic of slow variations of the frequency of

said first generator relative to the frequency of -

20
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quency of said first generator in hccordance with
signalling potential. '

-10. The method of phase modulating oscilla-
tor energy which includes the steps of, produc-
ing oscillator energy of controllable frequency
the frequency of which may vary slowly, utiliz-
ing said slow variations to produce frequency
changes of said oscillator energy which oppose
any tendepcy of said produced oscillatory energy
to.change slowly in frequency, producing modu-
lating potentials the amplitudes of which vary
substantially in accordance with the frequency .
thereof and producing variations in the fre-

-quency of. said produced oscillatory energy in

accordance with said produced modulating po-

tentials of a frequency greater than said slow

changes, ' .
11. In a modulation system, a high frequency

‘oscillator comprising an electron discharge de-

vice having its electrodes coupled in oscillatiop
producing circuits, a second high frequency os-
cillator comprising a second electron discharge i
tube having electrodes connected in oscillation .
producing circuits, frequency stabilizing means

“in the oscillation producing circuits of said last

named discharge tube, combining means cou-
pled to both of said circuits, a frequency dis-

- criminating circuit coupled with said combining

40

said second generator, substantially inertialess

means operating without mechanical movement

energized by said potentials for contrclling the

frequency of said first generator to oppese said -

“slow variations, and means for impressing sig- -

. nalling potentials on said last substantially -in-
ertialess named means for controlling the fre-
quency of said first generator at signal fre-
quenecy, ~ ' : "

8. In a phése modulation system, an oscilla- :
tion generator of controllable frequency, an os- -

cillation generator of substantially fixed fre-

quency, means for producing potentials charac-
teristic of slow variations of the ‘frequency of.

said first generator relative to the frequency of
said second generator, means energized by said
potentials for controlling the frequency of said
first generator to oppose said slow variations,
means for modifying signal potentials in ac-
cordance with their frequency, and means for
impressing> said modified signal potentials on
said second named means for centrolling the
- frequency of said first generator. :
9. In a frequency modulation system, an elec

tron discharge tube oscillation generator of con- 7

trollable frequency, an eleciron discharge tube
oscillation generator of substantially fixed fre-
quency, electron discharge tube means for pro-

means,” & rectifier having input electrodes cou-
pled with said frequency discriminating circuit,
said rectifier having output electrodes, a fre-
quency control circuit including an electron dis-
charge tube reactance coupling the output elec-
trodes of said rectifier to said first oscillator, and
a source of modulating potentials coupled to said
last named coupling. :

12. In a modulation system,.a high frequency .-
‘oscillator comprising an electron discharge de-

vice having its electrodes coypled in oscillation
producing . circuits, a second' high frequency os-

“cillator comprising a second electron discharge

tube having electrodes connected in oscillation '
producing circuits. and having additional elec-
trodes,  frequency stabilizing means in the oscil-

Jation producing circuits of said last named elec-

tron discharge tube, g coupling between one of
said additicnal electrodes and said first named
electron discharge device, a frequency discrim-
inating circuit coupled with one of- said addi-
tional electrodes, a diode rectifier having input
electrodes coupled with said frequency discrim-

 inating circuit, said diode rectifier having output

electrodes, a reactance tube having input and

. output electrodes coupled by phase shifting re-
- actanees to said first named electron discharge

deviceca coupling between the output electrodes
of said diode rectifier and the input electrodes of
said reaectance tube and a source of medulating
botentials coupled fo said last named coupling.

13. In a modulation system, a high frequency
oscillator comprising an electron discharge de-
vice having its electrodes coupled in oscillation
producing circuits, a second high frequency os-
cillator comprising a second electron discharge

“tube having electrodes connected in cscillation

ducing potentials characteristic of slow varia-

" tions of the frequency of said first generator
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producing circuits and. having additional elec-
trodes, frequency stabilizing’ means in the oscil-

N
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lation producing circuits of said last named dis-
charge tube, a coupling between said additional
electrodes and said first named electron dis-
charge device, a frequency discriminating circuit
coupled with said additional electrodes, a pair
of diode rectifiers having input electrodes cou-
pled with said frequency discriminating circuit,
said diode rectifiers having output electrodes, a
reactance tube having input and output elec-
trodes coupled by phase shifting reactances to.
said first named electron discharge device, a
coupling between the output electrodes of said
diode rectifiers and the input electrodes of said
reactance tube, time control elements in said

last named coupling, and a source of modulat-

ing potentials coupled to said last named cou-
pling.

14. In a modulation systém, a first oscillation
generator comprising an electron discharge tube

having electrodes coupled in oscillation produc- 2

ing circuits, a second oscillation generator coni-

prising an electron discharge tube having elec-

trodes coupled in oscillation producing circuits,
frequency stabilizing means in said last named

.circuits, a rectifier having input and output elec-

trodes coupled 'in an alternating current input
circuit and an alternating current output cir-

~cuit, a coupling between said alternating input
-circuit and both of said generators, a frequency
discriminating circuit coupled to said output al- 3

ternating current circuit, a rectifier having input
electrodes coupled to said frequency discriminat-
ing circuit, said rectifier having output elec-
trodes, a reactance tube having input and outpyt
electrodes, phase shifting reactances coupling
the input and output electrodes of said react-
ance tube to said first named oscillation gen-
erator, a circuit including time control -elements
‘coupling the output electrodes of said rectifier
to an electrode in said reactance tube, and means
for impressing modulating potentlals on said last
named circuit.

15. In & modulation system, a first oséillation
generator comprising a discharge tube having
electrodes coupled in oscillation producing. cir-
cuits, & second oscillation generator comprising
an electron discharge tube having electrodes
coupled in oscillation producing circuits, frequen-
cy stabilizing means in said last named circuits,

~an amplitude ‘limiting diode rectifier having in-

put and output. electrodes coupled in an alter-
nating current input circui ‘#nd an alternating
current .output circuit, a coupling between said
alternating current input eircuit and both of said
generators, a frequency discriminating circuit
coupled to said output alternating current cir-

cuit, & pair of diode rectifiers having input elec-

trodes coupled . differentially to- said frequency
discriminating circuit, said diode rectifiers hav-
ing output electrodes, a reactance tube having
input and output electrodes, phase shifting react-
ances coupling the input and output electrodes

" of said reactance tube to said first named oscilla-
- tion generator, a circuit including ‘time control

elements coupling the output electrodes .of said
diode rectifier to an input electrode in said re-
actance tube, and means for impressing modu-

_lating potentials on said last named circuit.

variations in the frequency of operation of said
main generator, means for controlling the re-
actance of said variable redctance in accordance

. with said electrical variations for opposing said

o
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slow variations of the frequency of operation of
said main wave generator, means for modulating
the length of the wave generated by said main
wave generator in accordance with signalling po-
tentials of a frequency greater than -said slow
variations, said two means having a part in
common, and monitoring means connected thh
said first named means,

17. In a wavelength modulation system an 0s-
cillation generator of controllable frequency, an
oscillation generator of fixed frequency, means
for producing potentials characteristic of slow
variations of the frequency of said first generator
relative to the frequency of said second gen-
erator, reactance tube means coupled to said first
generator and energized by said potentials for
controlling the frequency of said first generator
to oppose said slow variations, means for im-
pressing modulating potentials on said last
named means for controlling the frequency of
said first named generator in accordance with
said modulating potentials, and monitoring,
means coupled with said first means.

18. In a wave length modulation system, an
electron discharge device generator having elec-
trodes connected in oscillation generating and
wave length controlling circuits, a reactance tube
having ah anode, & control electrode and a cath-
ode, means coupling said ancde and cathode in
shunt to a portion of said generator circuits to

‘control the wave length of the oscillations gen-
-erated, phase displacing circuits coupling the an-

ode and control electrode of said: reactance tube:
to said generator to impress on said control elec-
trode and anode phase displaced oscillatory po-
tentials to produce in said reactance tube & re-

. active effect between said anode and cathode and

in shunt to a portion of said generator circuits,
a wave length discriminating circuit coupled with
said generator circuits, rectifying means coupled
with said discriminating circuit for producing
potentials characteristic of slow changes in the
wave length of the oscillations generated in sail
discharge device and circuits, means for control-

" ling the gain of said reactance tube in accord- .
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ance with said produced potentials to thereby

stabilize the operation bf said generator, and

means for controlling the gain of said reactance
tube in accordance with modulating potentials
to modulate the wave length of said generated
wave.
19, A system as recited in claim 18 wherein said
means for controlling the gain of said reactance
tube comprises an auxiliary electrode in said re-
actance tube connected by a circuit including
time constant elements to said rectifier. -

20. In a wave length modulation system, an

- electron discharge device having a plurality of

16. In a wavelength modulation system, a main

wave generator; an auxiliary wave generator, a

variable reactance of the reactance tube type as-
sociated with said main generator to control the
frequepcy of operation thereof, means for deriv-

" ing wave energy from said generators and pro-

ducing electrical variations characteristic of slow

70
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electrodes connected in oscillation generating
and wave length stabilizing circuits, a reactance
tube having an anode, a cathode, a control elec-
trode and an auxiliary electrode, means coupling
said anode and cathode with said generator cir- .
cuits to control the wave length of the oscilla-
tions generated, phase displacing circuits cou-
pling the anode and control electrode of said:
reactance tube to said generator to excite said
anode and control electrode by phase displaced
oscillating potentials so that a reactive effect is

. produced between the anode and cathode of said .

reactance tube and in said oscillation generating



" circuits to which said ancde and cathode are
coupler, a source of modulating potentials, and
connections between said source of modulating
potentials and the auxiliary electrode and cath-
ode of said reactance tube for impressing modu-
lating potentials ‘on the auxiliary electrode and
cathode of said reactance tube to control the
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gain of said reactance tube in accordance with "
said modulating potentials to thereby control the

reactance of said oscillation generating circuits
and the wave length of the oscillations generated
in accordance with said modulating potentials.
2l. In a wave length modulation system, an
electron discharge device having a ‘plurality of
electrodes connected in oscillation generating

10

and wave length stabilizing circuits, & source of -

modulating potentials, a reactance tube having
an anode, a cathode and.a control electrode,
. phase displacing means coupling the anode and
.control electrode of said reactance tube to said
generator circuits, means coupling the cathode
of said reactance tube to said generator circuits,
means coupling said source of modulating po-~
tentials to an electrode in.said reactance tube to

control the gain thereof and thereby modulate

the length of the oscillations génerated, means

. 9H.
trode, a coupling between the anode of said tube
and said oscillation producing ecircuits, a phase
displacing circuit coupling the control electrode
of said tube to said oscillation producing circuits,
& coupling between the output of said diserimi-
nator circuit and the control electrode of said
tube and means for varying the impedance of
said tube &t signal frequency to thereby-c\modu-
late the frequency of the oscillations produced
at signal frequency. L
24. In a frequency modulation system the com-
Lination of, means for producing oscillations to
be modulated in frequency at signal frequency -
comprising an electron discharge device having
its electrodes coupled in oscillation generating
circuits to generate oscillations the length of

- which may vary slowly in an undesired manner,

20

coupled with said génerator circuits for pro-

ducing. potentials characteristic of said length
modulations of said oscillations, and means for

. impressing said produced potentials on an elee- ¢

trode of said reactance tube to control the gain

of said tube in a sense to oppose said aforesaid
' gain control to thereby impove the linearity of
said wave length modulating action.

22. The method of signalling by means of wave
energy of carrier frequency and controllable wave
length which may vary in mean frequency in an
undesired manner slowly, and potentials char-
acteristic of signals, which includes the steps of,
producing potentials characteristic of the slow
variations in the mean Irequency of said wave
energy, utilizing said produced potentials to con-
trol the mean frequency of said wave ‘energy in
& sense to oppose said slow variations modifying
the amplitudes of said signal potentials as a
function of their frequency, modulating the
length of said wave energy in accordance with
said modified signal potentials, rectifying the
modulated wave energy to produce Dotentials
characteristic of the wave length modulations
on said wave energy, and additionally controlling
the length of said wave energy in-accordance

with the nature of said last produced potentials
in a sense opposite

means for stabilizing the frequency of the oscil-
lations generated in said circuits) comprising an
electron discharge tube having 'a plurality of _
electrodes including a controlling electrode,
means coupling two of said electrodes to differ--
ent points on said oscillation producing circuits,
& phase shifting circuit coupling said controlling
electrode to a third point on said oscillation pro-
ducing circuits, a frequency discriminator circuit
having an-input coupled to said oscillation pro-
ducing circuits andan output coupled to an elec- -
trode in said electron discharge tube, said fre-
quency discriminating circuit having & charac-
teristic such that the voltages at the output
thereof vary in accordance with slow changes in
the frequency of the oscillations produced in said -
oscillation producing circuits and means for
varying the impedance of said discharge. tube at

‘signal frequency to modulate: the frequency of

 the stabilized oscillations, - -
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to said modulating action to -

improve the linearity of modulation of the length -

of said wave energy ind

accordance ‘with said
potentials characteristic

of signals,

65

23. In a frequency modulation system a high

frequency oscillator comprising an electron dis-
charge device having its electrodes coupled in
. oscillation producing circuits to produce oscilla-
tion the mean frequency of which may vary slow-
ly in an undesired manner, a frequency discrimi-
nator circuit having an input and having an
output, the characteristic of said discriminator
circuit being such that the output thereof varies
in accordance with variations in the mean fre-
quency of wave energy applied to the input there-
of, means for impressing voltages the frequency
of which yary in accordance with said slow var-
iations in'the frequency of the oscillations pro-
duced in said device on the input of said fre-
quency discriminator circuit, an electron dis-
charge fube having a plurality of electrodes in-
cluding a cathode, an anode and a control elec~

65"

in said oscillation circuit on -the
- frequency discriminator

25. In a frequency modulation system & high
frequency oscillator comprising an oscillation cir-
(f:;xit In which oscillating electrical voltages the

equency of which may change slowly in an un-
desired manner are caused to flow, a frequency .
discriminator circuit having an input and having
an output, the characteristic of said discrimi-
nator circuit being such that the potential at the
output thereof varies in accordance with ‘varia-.
tions in the mean frequency of oscillatory ener-

-8y applied to the input thereof, means for im-

pressing voltages the frequency of which vary
in accordance with said slow variations in the
frequency of the electrical voltages caused to flow
input. of said
circuit, an electron dis-
charge device having g plurality of electrodes in-
cluding a cathode, and a controlling: electrode,
& coupling between an electrode. of said device °
and said oscillation circuit, & phase displacing
circuit connecting the-control electrode of said
device to said oscillation circuit, & coupling be-

‘tween the output of said discriminator circuit,

and an electrode of said device for impressing

gain controlling voltages from the output of said . -
. discriminator

circuit on said last named electrode
and means for varying the gain of said device at
signal frequency. to thereby modulate the fre-
quency of the oscillations produced at signal fre-

' quency, - '

K

26. In a frequency-modulating System, -an- o5-
cillation generator having wﬁequency-determjn-
ing resonant circuit, means to vary the effective
value of one of the reactive components of said
circuit in accordance with signal impulses to pro-
duce frequency-modulation of the generated os-
cillations, means for stabilizing the mean fre-.
quency of the oscillations ‘comprising a tuned

B
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detector coupled to the resonant circuit and con-
nected to react on the said means to produce fre-
quency-modulation, in such direction as to coun-
teract departures from the mean frequency; and
means preventing said stabilizing means from
exerting control of the frequency, except with
respect to relatively slow variations in frequency
whereby the stabilizing means does not preve:nt
frequency modulation in accordance with the sig-
nal impulses, ’ . . ’
97. In a frequency-modulation system, an os-
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means for modulating the length of the wave .
encrgy flowing in said circuit including a react- -

ance tube having an anode, a control electrode, - -

an auxiliary grid, and a cathode, connections
coupling said anode and cathode with said first
mentioned circuit to control the wave length of
the high frequency wave energy flowing therein,

- a phase displacing, network coupling the control

10

cillation generator including a resonant circuit -

for determining the frequency, & space discharge
tube having a plate impedance, means including
said tube for varying the tuned impedance of
sald circuit to vary the frequency in accordance
with variations in the plate impedance of said
tube, means for controlling the plate impedance
of said discharge tube in accordance with signals,

and means for independently controlling the 2

plate impedance of said tube in response to slow
departure of the frequency from normal.

28. In a frequency-modulating system, an 0s-
. "cillation generator having & resonant circuit for
determining the frequency, means comprising &
control tube for varying the resonant frequency
. of said circuit at signal frequency to produce fre-
quency-modulation, and other means including
said control tube for counteracting slow depar-

tures from normal of the frequency of the gen- S

erated oscillations,

electrode rof said reactance tube to said first
mentioned circuit, a source of waves of signalling
frequencies, and connections coupling said last
named source to said auxiliary grid and cathode
for controlling the gain of said reactance tube
with waves from said source at signal frequen-.
cies to thereby modulate the length of the wave

- energy.

29. In a frequency modulation system, an os- '

cillation generator, means for controlling the

frequency of said. generator, a reactance tube

connected to said generator, means for varying
at signal frequency the effective reactance of said
reactance tube whereby to vary the frequency of
‘said oscillation generafor at signal frequency,
means for utilizing one portion of the oscillations
of vdried frequency for transmittal, means for
reducing the mean frequency of another portion
of the frequency varied oscillations of said gen-

erator, and means for utilizing the energy of re-.

duced mean frequency for controlling the mean

.. frequency of operation of said oscillathn‘gen- E

erator.
.30, In a frequency modulation system, a tube
oscillation generator having an anode, & cathode
and a control grid, means for connecting said
anode, cathode and control grid to high frequen-
¢y circuit for producing high frequency oscilla-
tions, a reactance tube having an anode, a cath-
ode and a control grid, means connecting the
anode of the reactance tube and the anode of
the oscillator together, means for feeding oscilla-
tions from said oscillator in phase shifted rela-
tion to the control grid of said reactance tube,
‘means connecting the cathode of the oscillator
to the cathode of the reactance tube, means for
varying the voltage across the grid and cathode
of the reactance tube at signal frequency for
" varying the fréquency of said oscillations produced
by said oscillation generator, means for energiz-
"ing an antenna with energy derived from one
portion of said frequency varied oscillations,
means for producing the:frequency of another
portion of said frequency varied oscillations, and

40

32. A transmitter comprising a high frequency
generator having & resonant circuit which con- .
trcls the frequeney of operation of said gener-
ator, means for varying the resonant frequency
of said circuit to vary the frequency of operation
of said generator in accordance with modulating
waves including, an electron discharge tube hav-
ing an electron emitting electrode, an electron
receiving electrode and an electron flow control

‘electrode, means for impressing voltage from

said generator substantially in phase quadrature
relation on said electron receiving and electron
flow control electrodes respectively, whereby a |
reactive effect is produced in said tube, means
coupling a pair of electrodes of said tube to said
resonant circuit to supplément the reactance
thereof by said reactive effect, and means for
controlling the gain of said tube by modulating
potentials to modulate said reactive effect, a
substantially constant frequency crystal con-
trollied oscillator, and means responsive to waves
derived from said generator and from said crys-
tal controlled oscillator to automatically fre-
quency control said generator. ’
33. In a transmitter, & wave generator having.
a resonant circuit, a source of modulating po-
tentials, means to frequency modulate the out-.

. put of said generator with potentials derived

from said source of modulating potentials in-
cluding, an electron discharge tube having an
electron emitting electrode, an electron receiv-
ing electrode and an electron flow control elec-’
trode, circuits for impressing alternating current
from said generator on said electron receiving -
electfode and on said electron flow control elec-
trode substantially in phase quadrature with re-
spect to the alternating current impressed on

. said electron receiving electrode, & circuit cou-

GO
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means for utilizing the energy of reduced fre-.-

quency for controlling the effective or average
mean frequency of said oscillation generator.
31. In a wave length modulation system, & cir-
. cuit wherein. substantially constant frequency
high frequency wave energy to be modulated
_flows, high frequency wave energy ‘amplifying

and transmitting ‘means coupled

to said cifcuit. -
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pling the impedance between the cathode and
electron receiving electrode of said tube.to said’
resonant - circuit, connections between said tube
and source of modulating potentials for control-

ling the gain of said tube in accordance with

said modulating potentials, a circuit coupled to
said gensrator for radiating a  portion of ‘the
modulated waves produced by said generator,
and means for stabilizing the mean frequency of
operation of said generator including a frequency
discriminating circuit excited by waves produced
by said generator, a rectifier coupled to said dis-
criminsting circuit for rectifying waves from
said discriminating circuit, a control responsive
to the rectified waves for frequency controlling
the mean frequenéy of operation of said gen-

-erator, and means preventing said -stabilizing”-

means from exerting control of thie frequency of
operation of said generator except with respect .
to relatively slow variations in frequéncy whereby =

the stabilizing means does not prevent frequency
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modulation of said generator in accordance with
the modulating potentials.

34. A transmitter comprising a generator, &
source of modulating potentials, reactance tube
means for frequency modulating the output of
-said generator with waves derived from said
source of modulating potentials, means for trans-
mitting a portion of the modulated wave energy
derived from said generator, a substantially con-
stant frequency oscillator, means for beating to-
gether waves derived from said oscillator and
generator, a discriminator circuit, means for
feeding beat wave energy to said frequency dis-
criminator, a rectifier coupled to said discrimi-
nator, and means including said reactance tube
for utilizing the output of said rectifier to con-
trol the mean frequency of operation of said
generator, : : ’

35. In combination, a source of modulating
waves, means for amplifying said modulating
waves, a high frequency generator having a fre-
quency -controlling reactance, an electron dis-
charge tube having an electron emitting elec-
‘trode, an electron flow control electrode and an
electron receiving electrode, circuits including
phass displacing elements coupling said gener-
ator to said electron flow control electrode and
said electron receiving electrodes to supply to
said electrodes alternating currents displaced in
phase substantially 90 degrees whereby a reac-
tive effect is produced in said tube, circuit means
coupling said tube to said reactance to supple-

- ment the said reactance, a circuit coupling said
amplifying means to said tube for controlling said
reactive effect by said amplifying means for vary-

- Ing the frequency of said generator in accordance
with said amplified modulating waves, means for
transmitting a portion of the output of said gen-
erator, ‘a combined oscillator and converter,
means for feeding wave energy derived from
said generator to said converter, means for feed-

ing the output of said combined oscillator and.

converter to a frequency discriminator circuit, a
rectifier coupled to said discriminator circuit;
and means for utilizing the output of said recti-
fier to control the mean frequency of operation of
said generator. - S
36. A transmitter comprising a regeneratively
~connected high frequency generator, a source of
modulating potentials, a modulation potential
amplifier for amplifying said potentials, a react-
ance tube circuit coupling said amplifier and
said generator whereby the output of said gen-
erator is varied in frequency in accordance with

- said modulating potentials, means for feeding a .

portion of wave energy derived from said gen-
erator to a transmitting output circuit, a crystal
controlled high frequency oscillator, means to

combine wave energy derived from said oscillator:

and waves derived from said generator to pro-
duce waves of varying frequency differing in fre-
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cuit in accordance with signal potentials to pro-
duce wave length modulation of the genérated
oscillations, and circuit connections for stabiliz-
ing the mean wave length of the oscillations gen-
erafed including a tuned detector coupled to the
resonant circuit and connected to the reactance
tube to control the said reactance tube to pro-
duce wave length modulation of said generator
in such a direction as to counteract departures
from the mean wave length génerated, said cir-
cuit connections including said tuned detector
connected to said reactance tube also controlling
the effective value of one of the reactive com-
ponents of said resonant circuit in a degener-
ative sense to improve the linearity of said wave
length modulation. T .

38. In 2 wave Iength modulation system, an
oscillation generator having a Irequency-deter-
mining resonant circuit, a reactance tube cou-
pled with said resonant circuit and controlled by
signals to vary the effective value of one of the
reactive components of said circuit in accordance
with signals to produce wave length modulation

~of the generated oscillations, means and circuit

connections for stabilizing the mean frequency
of the generated oscillations including & tuned -

"detector coupled to the resonant circuit and con-

nected to said reactance tube to control the
same to produce wave length modulation in such
a direction as to counteract departures from
the mean frequency, said circuit connections also -
serving for producing potentials which are mod-
ified replicas of the signals and for controlling .
said reactance tube by said last produced poten-
tials in a sense opposite to the control thereof

" by said signals,

49
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. quency from the waves generated by said gen- -

erator, means for feeding said differing frequency
waves to a frequency discriminating network,
means for rectifying wave energy modified by

39. In a wave length modulation system, an
oscillation generator including a resonant cir-
cuit which determines the wave length of the
oscillations generated, a space discharge tube
having an-impedance between two of its elec-.
trodes, means including said tube impedance for
varying the tuned impedance of said resonant
circuit to vary the wave length of the oscillations

_generated in accordance with variations -in the

said impedance of $aid tube, means for control-
ling the said impedance of said discharge tube.
in accordance with signals, and means for inde-
pendently controlling the said impedance of said
tube in response to slow departure of the wave
length generated from normal and for degen-
eratively controlling the'said impedance of said
tube as a function of the modulation envelope,
40. In a wave length modulation system, an
oscillation generator having a resonant ' circuit
for determining the wave iength of the oscilla- -
tions generated, other circuits including & con-

. trol tube for varying the resonant frequency of

said resonant circuit at signal frequency to pro-
duce wave length modulation of the oscillation
generated, and additional circuits including said

- control tube for counteracting slow departures..

- from normal of the wave length of the generated

85

said discriminating network, and means. feeding -

said rectified wave energy to said reactance tube
cirelit for controlling the mean frequency of op-
eration of said generator. - N
© '37. In a wave length modulation system, an
oscillation generator having a wave length de-
termifiing resonant circuit, a reactance tube
coupled to said resonant circuit and controlled by
. signal potentials to vary the effective value of one

70

of the reactive components of said resonant cir- 75

oscillations for degeneratively controlling said
wave length modulation of the oscillations gen-
erated as a function of the modulated wave en-
velope. ] A

41, In a wave length modulation system, an -
oscillation generator having a wave length de-
termining resonant circuit, a reactance tube ex-
‘cited by voltages derived from said resonant cir-
cuit and signal voltages to vary the effective value
of one of the reactive components of said circuit
in accordance with signal voltages to produce
wave length modulation of the generated oscilla-
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tions, and apparatus for stabilizing the wave
length of the oscillations generated including a
tuned detector coupled to the resonant circuit
and connected to react on- the said reactance

tube to produce wave length modulation in such

a direction as to counteract slow departures from
the mean wave length and to apply potentials
to said reactance tube which oppose said signal
voltages to produce degeneration-in said react-
ance tube to improve the lmearity of said wave
length modulation, :

42. A wave length mcdulation system com-
prising in combination, means for génerating
wave energy to be modulated including an elec-

tron discharge device including electrodes. con- I

nected in wave generating circuits, apparatus for
modulating the length of the wave generated by
said wave generating circuits including a react-
ance tube having an anode, a control electrode,
an auxiliary grid, and & cathode, connections

coupling said anode and cathode with said gen- -

erating circuits to control the frequency of the
waves generated, voltage phase displacing ele-
-ments coupling the control electrode of said re-
“actance tube to said generating circuits, & circuit
coupled with said auxiliery grid for controlling
- the gain of said reactance tube at signal frequen-

8,270,650

of the osciilations generated from the normal
frequency and for varying the output impedance
of said device as an inverse function of the mod-

> ulation envelope of said wave length modulated

10

oscillations.

45, In & frequency modulation systzm, an os-
cillation generator of controllable frequency, a
reactance tube connected therewith to control
the frequency of .the oscillations generated
thereby, an oscillation generator of substantially

- fixed frequency, a first circuit for controlling the

reactance of said reactance tube at signal fre-
quency to modulate the frequency of the oscilla-
ticns generatéd by said first generator at signal
frequency, a second circuit for producing po-
tentials characteristic of slow variations and var-
iations at signal frequency of the frequency of

. said first generator relative to the frequency of

20

cy- to thereby moedulate the length of the gen- -

erated waves, and a circuit coupled with said

auxiliary grid for impressing thereon potentials 3

which are substantially an inverse copy of the
modulation envelope of said modulated wave.
43. A wave length modulation system com-
prising in combination, apparatus for generat
‘wave energy to-be modulated including an elec-

tron discharge device having a plurality of elec- . =

trodes connected in oscillation generating cir-
cuits, apparatus for modulating the length of the
wave generated by said oscillation generator in-
cluding a reactance-tube having an anode, a con-
trol electrode, an auxiliary grid, and a cathode,
" connections coupling said anode and cathode
with said generating circuits to control the fre-
quency of the oscillations generated, phase dis-
placing elements coupling the control electrode
cf said reactance tube to said generating circuits,
.& circuit connected with said auxiliary grid for
_controlling the gain of said reactance tube at
. signal frequency to thereby modulate the length

" - of the gensrated waves, and a cxrcuit for im-

pressing potentials on anelect.rode ‘of said tube
which are substantially’
modulation envelope of the said modulated wave.
44, In a wave length modulation system, an

ulgtion generator including & resonant circuit

for determining the frequency of the oscillations
generated, an electron discharge device having
an output impedance connected in shunt to a
portion of said resonant circuit, said electron dis-
charge device having a control grid and an addi-

- tional grid, means including said control grid for
.varying the tuned impedance of said circuit to
-vary the frequency of the oscillations generated
in accordance with variations ini the output im-
peda.noeof said device, means including said ad-
ditional grid electrode of said tube for controlling
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said second generator, & third circuit which in-
cludss part of said first circuit for controlling
the reactance of said reaetance tube by said pro-
duced potentials for controlling the frequency of
said first generator to oppose said slow variations
and for controlling the reactance of said react-
ance tube as an inverse function of the signal
modulation on the oscillations generated by said’
first generator to improve the nnearity or said
modulation,

. 46. In a wave length modulation system means
for generating wave energy to be modulated in-
cluding gn electron discharge device having elec~
trodes connected in an oscillation generating cir-
cuit, apparatus for modulating the length of the
swave generated by said oscillation generator in-
cluding. a reactance tube having an anode, a
cathode, a control el:ctrode, and an additional
grid-like electrode, connections coupling said
anode and cathode with said generating circuit
to control the frequency of the oscillations gen-
erated, phase displacing elements coupling the

" control electrode of said reactance tube to said

43

generating circuits, a circuit coupled with said
~additional grid-like electrode for controlling the
gain of said reactance tube at signal frequency
{o thereby modulate the length of the generated
waves, and a circuit coupled with said additional
grid-like  electrode for impressing potentials
thereon which are substantially an inverse copy
of the modulation envelope of sa.id modulated
wave. - 1
© 47. In a wave length modula.tion system, an

. -oscillation generatar including a resonant circuit

60
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said ‘output impedance of said device in accord-

‘ance with:signals to thereby modulate the wave
length of the oscillations generated, and circuits

connected’ with an electrode of said devicé for.

contromng the output impedance of said device
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in response to slow departures of the frequency

A

for determining the frequency of the oscillations
generated, an electron discharge device having
an output impedance coupled in shunt to a por-
tion of said resonant circuit, said electron dis-
charge device having a control grid and an addi-
tional grid, means including said control grid for
varying the tuned impedance of said-circuit to
vary the frequency of the oscillations generated
in accordance with variations in the output im-
pedance of said device, a modulation circuit
coupled to said additional grid electréde of said.
device for controlling said output impedance of -
said device in accordance with signals to thereby
modulate the wave length of the oscillation gen-
erator, and a control circuit coupled with said .
additional grid for varying the output imped-
ance of said device as an inverse function of the’
modulation envelope of said wave length modu-
lated oscillations. » ‘
: MURRAY G. CROSBY.



