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UNITED STATES PATENT OFFICE

TIMING MODULATION .

Nathaniel §. Korman, Camden, N. J., assignor to ,
Radio Corporation of Ameriea, a corporation of

Delaware

Application June 30, 1943, Serial No. 492,841 )
18 Claims. (CL 179—1715) "

A requirement in a frequency or phase modu-
lator is that the mean carrier stay within its as-
signed place in the’ frequency spectrum. The
Federal Communication Commission requires

that the carrier frequency must be maintained

within prescribed limits, the present limitg re-
quiring a stability of 42000 C. P. S. in the 42-50
mec. band or better, - '

Two frequency modulation systems have at-
tracted considerable attention in the radio art,
In one of these systems a crystal controlled oscil-
lator supplies a carrier which is modulated in
amplitude in accordance with modified signals,

the side bands are selected and recombined with -

the carrier which has been shifted 80° in phase.
This resulting built up wave has & characteristic
of a wave which has been frequenvy modulated,
The carrier frequency stability is that of the
crystal oscillator but in order to have low har-
monic distortion a small phase variation only may
be obtained in the built up wave. In order to
obtain the wider deviation desirable this built
‘Up wave Is multiplied in frequency,
six thousand times and the muitiplication steps
are broken up by heterodyning down steps.
This sort of system is obviously complecated
and uses a large amount of apparatus. More-
over,
affects the frequency ‘stability of the final car-
-rier because it is no longer that of the crystal

controlled oscillations nor the beating oscilla--

tions. It is a modulation product of the several
oscillations. The stability of the crystal con-

frequency thereby necessitating less muitiplica-

" tion and resulting in simplification’ of the entire
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arrangement. By careful attention to the fre-
quency discriminator circuit used fo derive the
conirol potentials the carrier frequency -can
readily be maintained within the assigned limits.
However, in any system where a large frequency
deviation is used, the modulated wave consists
of a large number of side bands of considerable
energy content and a carrier of relatively small
energy content. This renders more difficult se-
lection and linear conversion of the same by the
discriminator (sloping circuit) to obtain control
potentials truly characteristic of earrier drift.
If the frequency deviation or excursions are re-
duced to a large degree, say for example, to a
degree less than the lowest signal frequency, the
modulation then consists of a strong carrier or

. mean frequency component and a few upper and
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say flve or

the use of the beating down oscillations .
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trolled oscillations and the beating oscillations .

and all of the other
ture variations,

‘ating voltages
in the problem, thereby rendering it more difi-
cult to obtain the stability required, -

In the second method or system which was
devised M. G. Crosby (Crosby Patent
#2,279,659, dated April 14, 1942) direct timing
modulation is used, A generator of the seilf-
generation type, has its Irequency modulated
directly by a reactance tube and its mean fre-
quency is stabilized by selecting some of its out-
put, subjecting the same to discrimination and
rectification and using the output obtained by
rectification to regulate the bias on a control
electrode of the reactance tube In a sense to
oftset or nullify tendencies of the oscillator fre-
quency to drift from its assigned frequency.

This second method and means has been widely
accepted and has numerous advantages. The
initially modulated oscillations may be of higher

factors including tempera-

vacuum tube dissimilarity, oper- =
and other circuit elements enter
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Jlower side bands of relatively negligible ampli-.

tude. It has been suggested that this reduction
of deviation be accomplished by frequency divi-
sion. 'This, however, entails & large number of
frequency divider stages and again the system be-
comes unwieldy due to the large number of divid-
er stages and apparatus used with the same, _
. 'In my present system direct frequency modu-
lation, as illustrated in said Crosby patent, is
used, and in my new improved means and meth-
od, to reduce the deviation to derive substantiaily
mainly carrier energy with reduced modulation

-components for control purposes, I make use of

the principle of degeneration.

An object of my invention then is to stabilize
the frequency of generated oscillations.

A particular object of my invention is to sta-
bilize the mean frequency of generated oscilla-

_tlons the timing of which is modulated exten-

sively in accordance with signals.

The above objects are attained in accordance
with my invention by diverting wave energy from
the generator, subjecting the diverted energy to.

" degeneration to an extent such that frequency

or phase deviations thereof are reduced to a low -
value such that they may be subjected to phase

detection and the demodulation components used

to control the mean frequency of the generator

In & sense to wipe out undesired drifts or varia-

tions in its mean-frequency. ¢ :

Details of the manner in which the above ob-
Jects are attained, as well as other objects and -
the manner of attaining the same, will appear
from the detalled description which follows. In
this detailed description reference will. be made
to the attached drawings wherein Figs. 1 and 2




2
each illustrates schematically and mainly by
block diagram, embodiments of timing modula-
tion systems arranged in accordance with my
invention, while Fig. 3 illustrates details of the
phase detector used in the ‘modification of Fig. 2.

10 is a self-excited oscillation generator desig-
nated hereinafter as oscillator #1. This oscil-
lator generator is modulated as to its timing by
signals fed to the modulation input of a modu-

lator {4 coupled to the oscillation generator 10.
This modulator may be of any approyed type and
herein is assumed to be of the reactance tube type
similar to that shown, for example, in Crosby

_ Patent #2,279,659, dated April 14, 1942.

The timing modulated oscillations are supplied
to an output and also to a frequency converter
16 designated hereinafter as converter #1, In

~ this converter, which may be of any well known
type, the timing modulated oscillations are het-
erodyned with oscillations of constant frequency
derived from an oscillator 18 which may be of
the crystal controlled type. .

The timing modulated oscillations are reduced

in frequency in converter 16 and supplied to a
converter 20 designated hereinafter as converter
#92. In this converter oscillations of a reduced
frequency are mixed with oscillations from 2 self-
excited oscillation generator 28, designated here-
inafter as self-excited oscillator #2.

The output of converter #2;, which may be the
sum or difference frequency, is supplied to a fre-
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quency modulation detector 24 wherein the tim- .

ing modulations on the wave energy are detected
so that at the output from 24 is derived potential
variations characteristic of the timing modula-
- tion and of the slow changes or drifts in the mean
frequency of the intermediate frequency out of
the converter in 20. This frequency modulation
detector may be of any approved type, such as,
~for example, as shown in Crosby Patent
#2,279,659, dated April 14, 1942, or in Seeley
Patent #2,121,103, dated June 21, 1938. . '

The output selected from 24 is fed through a
filter 25, wherein the direct current is removed,
and acts through a reactance tube modulator
such as, for example, used at 14 to control the
self-excited oscillator in 28. Units 28, 24, 26 and
28 comprise a degenerative Joop wherein, as will
be set forth more in detail hereinafter, the modu-
lations on the wave energy are reduced consider-
ably such as, for example, to a phase amplitude
of less than one radian. This degenerative loop
utilizes the principle involved in Hansell Patent
#2,205,762, dated June 25, 1940, and Crosby Pat-

 ent #2,197,518, dated Aprit 16, 1940. -

In the output of converter #2 due to this de-
generation the frequency of the carrier is sub-
stantially unchanged while the swing is reduced
to a small phase amplitude and the output is fed
to a phase detector 38 which algo is supplied with
oscillations from stable oscillator 18, the output
frequency of which is the same as the average
frequency of the output of converter #2. A net-
work 58 is provided between the ouiput of the
phase detector and the modulator I8 to filter out

all audio frequency currents.

The phase detector 38 may be of any approved
type and, as illustrated, utilizes the principle

involved in Crosby'Patent #2,220,640, dated Jan- .o

uary 28, 1941: In the phase deleclor-it will be
noted that the output of converter #2 is impressed
by a transformer 48 differentially on a pair of

diodes 42 and 44, while the oscillations of con-.

stant frequency from {8 are impressed in parallel
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by transformer 45 on these diodes. The voltages
supplied by transformer 45 to the diode anodes
are of like phase and those supplied by trans-
former 40 are of opposed phase, 'The phases of .
the ‘latter swing with changes in phase of the
output from 28 so that the resultants on the .
anodes change differentially in amplitude as do -
the potential drops in resistance and condenser
units 46 and 48. This produces.across 86 and’
48 a potential which represents the changes in
frequency of the carrier in {0. The demodulated
components are filtered by resistance condenser
units 46 and 48 and, if necessary, by additional’
filtering circuits in 50 and supplied to the react- -
ance tube modulator 14 in a sense to tend to

_oppose undesired changes in the mean frequency
_of the oscillations generated in 10.

. The operation of the timing modulation system
including self-excited oscillator #1 and modu-
lator 14 is well known in the art, and is described
in the Crosby-Patent #2,279,659, referred to above.

Some of the timing modulated output energy
is fed to 16 and heterodyned with oscillations
from crystal oscillator 18 and the difference fre-
quency is selected in converter #1 and fed to
converter #2. The difference frequency is taken
here in preference to the sum frequency in order
that the self-excited oscillator #2 may operate
at a low frequency and a relatively low frequency .
output may be derived from converter #2. The
second intermediate frequency output of con-
verter #2 may be at the sum or difference fre-
quency and this output is fed to the phase -de-

_tector 38 and to the frequency detector 24. The

detected modulation out of the detector in 28 .

- controls the reactance tube in 26 to modulate the -

40
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self-excited oscillator #2 in a degenerative sense, -
so that when the output of 28 is mixed with the

. output of 16 in converter #2 the timing modula-~

tion is reduced to an extent such that it is rep-
resented by not more than one radian phase
amplitude. 'When the sum intermediate  fre-
quency is selected at the output of converter 20
the self-excited oscillator #2 is to be modulated .
in such a direction that the modulation envelope
thereof is opposed in phase with respect to the
modulation envelope on the energy at the output
of converter #1 in 16. By the expression modu-
lation envelope used here I use the term some-
what in the same manner in which it is used in

_connection with intensity modulation.

When the difference frequency is selected at the .

. ‘output of converter 20, the self-excited oscillator

55

#2 in 28 is timing modulated in such a sense that
the modulation envelope of the output thereof is
in phase with the modulation envelope of the:
energy in the output of the converter #1, i. e, the
frequency deviations are in the sane direction in-
stead of being opposed, as is the case when the

-sum frequency is selected from converter #2.’

The proper polarity of the control potentials.’
supplied to the reactance tube modulator in 26
to obtain the desired sense of control of the self-.
excited oscillator #2 in 28 to make the loop de-
generative, may be obtained-in varieus manners.
For example, reversal of the detector 24 output
leads reverses the polarity of the control poten-
tials. The use of an additional modulation am-
plifier coupling stage between detector 24 and 26
will also reverse the polarity of the control po- -
tentials: In this respect, it is noted that if the
-~control potentials are of insufficient amplitude to
‘accomplish the desired degeneration to obtain not
more than one radian phase swing in the, ‘output
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of converter #2, an amplifier may be included in
the regenerative loop and this amplifier may be
at the output of detector 24 and serve the double
purpose of correcting the control potential po-
larity and increasing its amplitude the required
amount. The output of converter #2 of reduced
phase swing is then fed to phase detector 38, as
is output from source I8 and the detected. com-

ponents are filtered and used to control the modu- -
10 quency for the #1 converter in 16, and the de- -

lator 14 to tune the oscillator #1.-
In the modification of Fig. 2, the phase detector

38" is coupled to ¢onverter #1 in.I6, to carrier -

source 18 and also to oscillator #2 in 28, The

output of the phase detector 38’ is coupled

- through the audio filter 50 to the reactance tube
modulator in 14 and through the direct current
filter to the modulator in 26. ’ :

The phase detector 38’ in the embodiment of
Fig. 2, performs the functions of the converter
#21in 16, the detector 24 and the phase detector 38
of Fig..1. As shown in Fig. 3, a phase detector

somewhat as used in Fig. 1, modified to meet the )

requirements of Fig. 2, is satisfactory. The in-

put supplied at the terminals marked § in Figs.

2 and 3, from oscillator #2, is-applied differen-
tially to the diodes 42 and 44 by transformer 40’.

This input is mixed in 38’ with the input 2 from-

converter #1 applied in parallel to the diodes by
transformer 45’. Moreover, this coinbination or
mixing is in a degenerative sense and the polarity
of control of modulator 26 is made such by steps

described above to insure degeneration in the.
loop. The sum or difference frequency, say. the

sum 1.01 me., plus the radian or less phase modu-
‘lation resulting from this mixing in the degen-
erative sense, is also detected in 38’. o

The output from I8 is also supplied at the leads

3n the mean frequency thereof.

ings appropriate frequencies for the various waves

used in the various parts of the circuit. :
It i1s noted that the crystal oscillator 18 sip-

plies to the converter #1 in unit 16 g 4.04 mega-

"8 cycle wave and to the phase detectors 38 and 88*

a 1.01 megacycle wave, 'This unit 18 accordingly
includes in addition to a crystal oscillator the
‘necessary frequency multipliers or dividers to sup-
ply appropriate outputs to obtain the desired fre-

sired frequency for the phase detectors 38.and 38°.
Iclaim: ) ' .
1. The method of generating oscillations the
timing of which is varied in accordance with sig-

15 nals, and of compensating variations in the mean

frequency of the timing'modulated oscillations to
obtain timing modulated. oscillations of substan-
tially constant mean frequency which includes

' ‘these steps, heterodyning oscillatory energy char-
20 acteristic of sald timing modulated generated os-

cillations with other oscillatory energy character-
istic of said timing modulated generated oscilla-

- tions in a degenerative sense to derive resultant
energy the timing of which varies within small -

limits in & manner corresponding to variations
-in the timing of said generated oscillations, de-
tecting said resultant energy and varying the
mean frequency of said generated oscillations in a -
sense to oppose-and nullify said first variations in

2. The method of generating oscillations the
frefiuency of which is varied in accordance with
signals, and of compensating variations in the

- mean frequency of the frequency modulated os-

a5 cillations to obtain frequency modulated oscilla-

tions. of substantially constant mean frequency
which includes these steps, heterodyning oscil- .

marked 3 in Figs. 2 and 3, and fed in parallel by  latory energy characteristic of said frequency

transformer 45" to the diodes 42 and 44. The  modulated generated oscillations with other os-

phase detector 38" therefore, in addition to mix- 4o cillatory energy cha.ﬁragteristic of said frequency
~~ing the outputs of converter #1 and oscillator #2 ~ modulated generated oscillations in a degenera-

in a degenerative sense and detecting the result- tive sense to derive resultant energy the fre-

ing current of reduced phase swing, also detect ' ‘quency of which varies within about 1 radian in

the phase relation of the demodulation compo- - a manner corresponding to variations in the fre-

nents so that the direct current components used 45 quency of said generated oscillations, detec¢ting

in modulator 14, as well as the audio components sald phase variations and varying the mean fre- -

used in modulator 26, appear in the output leads - quency of said generated oscillations in & sense -

marked 4 in Figs. 2 and 3. The diodes 42 and
44, which are non-linear circuit elements, form

all possible beats between the various signals im- g,

bressed on them: All the beats with frequencies
greater than audio frequencies are bypassed by
the capacitors of resistance and condenser units
46 and 48. The net result is that output 4 con-
tains only the audio corresponding to the differ-
ence in frequency modulation from the output of
the converter in 16 and the output from the oscil-
lator in 28 and a direct current component corre-
sponding to the drift of the oscillations generated

in 10 relative to those generated in (8.. The con- 60

densers 47 and 49 are to tune {o resonance the
coils across which they are connected. This is
not essential but is helpful in obtaining good efM-
ciency. : '

Referring again to Fig. 1, it is obvious that the

" output of the phase detector 38 contains audio as’

well as direct current. This audio may be used
to feed the circuits in 25, thereby dispensing with
the need of the frequency detéctor in 4. In
addition, as explained above, the #2 converter in

unit 20 and the phase detector 38 may be com- -

" bined as showri-in Figs. 2 and 3. .
Although I do not propose to limit my system to
-waves of particular frequencies, I have, merely

to oppose and nullify said first variations in the
mean frequency thereof. ) o i
" 3. The method of generating oscillations the
phase or frequency of which. is varied extensively’
in accordance with signals and of compensating
variations in the mean frequency of the phase or ..
" frequency varied oscillations to obtain oscilla- .

.55 tions of substantially constant mean frequency

which ‘includes -these steps, heterodyning osctl-
latory- energy characteristic of said’ phase or
frequency varied generated oscillations with other
‘oscillatory energy characteristic of sald phase or
frequency varied generated oscillations in a de-
- generative sense to derive resultant energy the

" phase of which varies within the limitg of about -

one radian in & manner corresponding to varia-
tions in the phase or frequency of said generated
oscillations, detecting said phase variations of
-said resultant energy and varying the mean fre-

quency of said generated oscillations in accord~

ance with sald detected phase variations and in & -
sense to oppose and nullify said first mentioned

70 variations in the mean frequency thereof.

4. The method of generating- oscillations the.
frequency of which is modulated extensively in °
_accordance with signals and of compensating var-
iations in the mean frequency of the frequency

for purposes of example, indicated on the draw- 75 varied oscillations to -obtain oscilla.tions";:pr sub-

2y
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stantially constant mean frequency which in-
cludes these steps, heterodyning oscillatory energy
- characteristic of said frequency modulated gen-

2,400,648

a timing modulation detector, for deriving the

_ modulation, a second generator modulated by
. the output of the detector and a second converter

erated oscillations with other oscillatory energy -

characteristic of said frequency modulated gen~

erated oscillations in a degenerative sense to de-
rive resultant energy the phase of which varies
within- the limits of one radian in a manner cor-
-responding to variations in the frequency of said
generated oscillations, beating sald derived phase
varied resultant energy against oscillations of a

10

fixed frequency which is the same as the mean -

frequency of said resultant energy to détect sald.
phase variations, and varying the mean fre-
quency of said generated oscillations in accord-

for heterodyning said low frequency oscillations:
against the output of said second generator in a
degenerative sense, a timing modulation detec-
tor coupled to said loop and responsive to said
selected energy and a control circuit coupling
said timing modulation detector to said first gen-
erator for controlling its mean frequency of op-
eration in a sense to nullify tendencies of the
mean frequency of operation thereof to drift.

'9. Tn apparatus of the class described, a fre-

- quency modulated oscillation generator the mean

15

ance with said detected phase variations andina -

sense to oppose and.nullify said first. mentioned
variations in the mean frequency thereof.

5. In a timing modulation system comprising a
self-generating generator and a modulator for
modulating the timing of the generated oscilla-

. tions in accordance with signals, a mean fre-

_quency stabilizing circuit for said generator in-
cluding a degenerative loop to which said modu-
lated energy is fed and from which energy com-
prising primarily carrier energy is selected, a
timing modulation detector coupled to said loop

20

25

-and responsive to said selected energy and & con- -

trol circuit coupling said detector to said gen-
erator for controlling its mean frequency of op-
eration in a sense to nullify tendencies of the
mean frequency of operation thereof to drift.
6. In a timing modulation system comprising a

30

frequency of operation of which may change, a
source of oscillations of fixed frequency and a
first converter for deriving .corresponding mod-
ulated and changing oscillations, means for com--
bining said derived . oscillations 'and said fre-
quency modulated oscillation in degenerative
sense to obtain oscillatory energy wherein the

- modulations have been reduced to' phase libra-

tions of the order of one radian, a phase detector
coupled to said last named means, and a control

cireuit coupling said phase detector to said first

generator to change its mean frequency of op-
eration in a sense to nullify said changes in its
frequency of operation. L :

10. In apparatus of the class described, a fre-.
quency modulated oscillation generator the mean

" frequency of operation of ,which may change,

self-generating generator and a'reactance tube -

modulator for modulating the timing of the gen-
erated oscillations in- accordance with signals, a
frequency stabilizing circuit for said generator in-
cluding a degenerative loop to which said modu-
lated energy is fed and wherein degeneration is
carried out to an extent such that the timing
modulation is reduced to not more than one
radian deviation, a selecting circuit for selecting

35

connections ' for deriving corresponding - modu-
lated oscillations . from said generator, other
means for deriving other oscillatory energy the
frequency variations of which corresponds to
modulation of the frequency of said generated
oscillation, means for combining said two de-
rived oscillations in degenerative sense to obtain

- oscillatory energy wherein the modulations have

40

-the energy of reduced deviation, a phase detector - ’

coupled to said selective circuit and responsive
to said selected energy and a control circuit cou-
pling said detector to said reactance tube for con-
trolling the mean frequency of operation of said

generator in a sense to nullify tendencies of the

mean frequency of operation thereof to drift,

7. In a frequency modulation system compris-
ing a self-generating generator and & reactance
tube modulator for modulating the frequency of
the generated oscillations in accordance with sig-
nals, a frequency stabilizing circuit for said gen-
erator including a degenerative loop to which

50

said frequency modulated energy is fed and from .

which energy. comprising primarily carrier and
signal variations.represented by phase deviations
within one radian is selected, a phase modula-
tion detector coupled to said loop and responsive
to sald selected energy and a control circuit cou-
pling said detector to said reactance tube for con-
trolling the mean frequency of operation.of said
generator in a sense to nullify tendencles of the
mean frequency of operation thereof to drift.

8. In & timing modulation system comprising
a self-generating generator and & modulator for
modulating the timing of the generated oscilla-
tions in accordance with signals, a frequency
stabilizing circuit for said generator including &
degenerative loop to which said modulated en-
ergy is fed and from which energy comprising

primarily cerrier energy is selected, said degen--

erative loop including a converter wherein said
oscillations are. heterodyned to a‘low frequelncy,

80
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other oscillatory energy the frequency variations

been reduced to phase librations within one ra-.
‘dian, a phase detector coupled to said last named
means, and a control circuit coupling said phase
detector to said first mentioned generator to
change its frequency of operation in a sense to
nullify said. changes in its mean frequency of
operation. . ’ : ' .

11. In apparatus of the class described, an os-
cillation generator and modulator wherein the
generated oscillations are modulated through a

‘wide range and wherein the mean frequency of

operation may change, connections for deriving
oscillations correspondingly: modulated and
changed in mean frequency from said generator,
other means for deriving other oscillatory energy
the frequency modulations of whiech corresponds
to modulations in the frequency of said generat-
ed oscillation, means for combining said.two de-
rived oscillatiors in degenerative sense to obtain
oscillatory energy wherein the modulations have
been reduced to phase librations with one ra-
dian, & source of oscillations of a fixed fre-
quency equal to the mean frequency of said last
mentioned oscillatory energy, a phase detector
coupled to said last named means and fo said
last named source, and a control circuit coupling
sald phase detector to-said first mentioned gen-
erator to change its frequency of operation in a

‘sense to nullify said changes in its mean fre-

quency of operation. . :

12. In apparatus of the class described, a fre-
quency modulated oscillation generator the mean
frequency of operation of which may change, con-
nections for deriving. corresponding oscillations
from sald generator, other means for deriving
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of which corresponds to changes in the frequency'

of said generated oscillation, a phase detector for
combining said two derived oscillations in degen-
erative sense to obtain oscillatory energy wherein
the modulations have been reduced to phase libra-
tions within one radian and for detecting said
phase librations, connections between said phase
detector and said other means to control the
same by the detected audio component to derive

said other oscillations, and a control circuit cou-

pling said phase detector to said first mentioned
generator to control its frequency of operation
in accordance with the direct current component
obtained by said phase detection.

13. The methocd of compensating variations in
the mean frequency of timing modulated oscil-
lations to obtain timing modulated oscillations of
substantially constant mean frequency which in-
cludes these. steps, heterodyning oscillatory en-
erey characteristic of said timing modulated os-
ciliations with other oscillatory energy charac-
teristic of sald timing modulated oscillations in
a. degenerative sense to derive resultant energy
the timing of which varies within small limits
in a manner corresponding to variations in the
timing of said oscillations. detecting said result-
ant energy and varying the mean frequency of
sald first mentioned timing modulated osecilla-

tions in a sense to oppose and nullify said first-

variations in the mean frequency thereof. )
14. The method of compensating variations in
the mean frequency of phase or frequency varied

10

15

20

25

20

oscillations to obtain oscillations of substantially .

constant mean frequency which includes these
steps, heterodyning oscillatory energy charscter-
istic of said phase or frequency varied oscilla-
tions with other oscillatory energy characteris-
tic of sald phase or frequency modulated gener-
ated oscillations in a degenerative sense to de-
rive resultant energy the phase of which varies
~ within the limits of about one radian in a man-
ner corresponding to varlations in the phase or

frequency of said first mentioned oscillations, .

detecting said phase variations of said resultant
energy and varying the mean frequency of said
first mentioned oscillations in accordance with
said detected phase variations and in a sense to

35
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oppose and nullify said first mentioned variationis .

in the mean frequency thereof.

15. In wave frequency stabilizing apparatus to
be used to stabilize the mean frequency of wave
energy the instantaneous frequency of which is
modulated in accordance with signals and the
mesn frequency of which may change in an un-

. desired manner, a current frequency converter,
means to feed to said converter currents of dif-
‘ferent frequencies, the instantaneous frequencies
of which are modulated in a manner correspond-
ing {o the modulations on the said wave energy

and the mean frequencies of which may change -

in sald undesired manner, in & degenerative sense
such that the modulations on a beat note result-

50

§5.

5

ing from mixing said currents in said converter
are reduced to a small phase amplitude, and
means for selecting said beat note and opposing
sald changes in the mean frequency of said first
mentioned wave energy in sccordance with the
phase changes of the selected beat note.

16. In wave frequency stabilizing apparatus
to be used to stabilize the mean frequency of
wave energy the instantaneous frequency of
which is modulated in accordance with si mals
and the mean frequency of which may ch.nge
in an undesired manner, a current frequency
converter, means controlled by said wave ercrgy .
to feed to said converter currents of a first fre-
quency the instanteneous frequency of which is
modulated in a manner corresponding to the

. modulations on the said wave energy, means con-
‘trolled by said currents of said first frequency to

feed to said converter currents of a second fre-
quency the instantaneous frequency of which is
modulated in a manner corresponding to the
modulations on said wave energy, the two cur-
rents being fed to said converter in a degener-
ative sense.such that the modulations on a beat
note resulting from mixing said currents in said
converter are reduced to a small phase ampli-
tude, and means for selecting said beat note
and -opposing said changes in the mean fre-
quency of said first mentioned wave energy in
accordance with the phase, cha.nges of the select-
ed beat note.

17, Apparatus as recited in claim 16, wherein
said first means includes a current mixer excited
by oscillations of fixeq frequency and by said
first mentioned wave energy with a coupling be~
tween the mixer and converter, and wherein said
second means includes an oscillation generator
with a wave frequency demodulator excited by

" the selected beat note, & modulator coupling the

demodulator to the oscillation generator, and a
coupling between the generator a.nd the con-

“verter.

18. In a signalling system compnsing 8 source
of oscillations the timing of which is modulated
in accordance with signals and the mean fre-
quency of which may drift, a circuit for stabil-
izing the mean frequency of said oscillations in-
cluding & degenerative loop to which said mod-
ulated energy is fed, and in which the timing
modulation on said energy is reduced, and from
which energy comprising primarily carrier en-
ergy, with reduced timing modulation, is se-
lected, a phase modulation detector coupled to
said loop and excited by said selected energy to
produce a control potential and s control circuit
coupling said detector to said source of oscilla-
tions for controlling the mean frequency of said
timing modulated oscillations In & gense to nulufy
tendencies of the mean frequency thereof
drift.
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