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This application relates to a method of and
means for comparing the frequency of a source
of wave energy the frequency of which may drift,
with the frequency of wave energy of a substan-
tially constant frequency, (standard source), and
for producing current or energy which has a
characteristic that changes when the frequency
relation of the compared currents changes.

Such means are of wide use in the radio and
allied arts.
be able to check the operating frequency of a
source of oscillations which may drift, and this
application discloses an improved and simplified
method and means for accomplishing this,

For example, in receivers of the heterodyne
type, the received wave or the loeal oscillator
may change in frequency so that the resulting
I . frequency may not coincide with the tuning
of the I, F. stages. In timing modulation systems
usually an oscillation generator the frequency of
which may be varied by the modulation is used.
The oscillator may also drift in mean frequency
of operation. In this application I show an im-
proved, efficient and simplified means for com-
paring the frequency of oscillations from sources
of this type with oscillations of substantially con-
stant frequency to ascertain whether or not the
frequency of the oscillations from the said sources
are as intended.

This application also relates to methods of
and means for ascertaining the relation of the
irequency of a source of oscillations with respect
to a standard source frequency and for produc-
ing currents or energy a characteristic of which
depends on the relation of the frequency of the
source to the standard source.

This application also relates to methods of and
means for ascertaining the relation of the fre-
qu.enmes of two sources one of which is of fixed
frequency, producing currents or energy char-
acteristic of the deviations and direction of devi-
ation of the variable source frequency from the
fixed source frequency and for stabilizing or
retuning the source the frequency of which may
drift by means of the produced current or energy.

The broad general cbject of this invention is
improved: frequency comparison and control. -

More in detail, the object of this invention is
simplified, improved and efficient means for com-
parison of the frequencies of two sources of 0s-
cillations one of which is of substantially fixed
frequency, and one which is of a frequency which
may drift or vary slowly.

A _further object of this invention is means

For example, it is often desirable to 1
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described in the preceding paragraph, and sim-
plified, improved and efficient means for deriving
currents or energy characteristic of the frequency
relation of oscillations from the two sources.

An additional object of this invention is means
as described in the preceding paragraph, and
simplified, improved and efficient means for using
the derived currents or energy to correct the fre-
quency of the oscillations the frequency of which
may vary.

Other objects and the manner in which the
same and the foregoing objects are attained will
appear from the description which follows.

In describing my invention in detail, reference
will be made to the attached drawings wherein
Fig. 1 shows schematically and by block dia-
gram the essential features of a frequency com-
parison and control circuit arranged in accord-
ance with my invention, by means of which my
improved method can be carried out. In Fig. 1,
which is given merely by way of example, the
oscillator the frequency of which may vary is
designated as a frequency modulated oscillator
of a frequency modulation system. The inven-
tion is equally applicable to oscillators used for
other purposes, such as heterodyning oscillators
of transmitters or receivers.

Figs. 2 and 3 each illustrate a preferred em-
bodiment of my improved frequency comparison
and control means. In Figs. 2 and 3, as in Fig. 1,
certain of the apparatus and means used is
shown merely by rectangle, since the same may
be conventional and per se forms no part of the
present invention. Other features are shown by
simplified circuit diagram.

Figs. 4 to 7, inclusive, are curves used in de-
scribing the operation of the keyer in unit 5, the
switching means in unit 3, the dlscrlmlnator in
unit 4, and the manner in which the frequencies
of the two sources are compared, the nature of
the current produced by such comparison, and
the manner in which the same is used to retune
the oscillator in unit 1.

As illustrated in Fig. 1, a timing modulated
wave generator included in rectangle | is to be
stabilized in operation so that its mean or av-
erage frequency is held substantially constant.in
the assigned band. A self-excited oscillator may
be used here and may be modulated in frequency
in any well known manner.

The unit 2 includes a source of oscillations of
fixed frequency and, if desired, frequency multi-
pliers to provide a stable output at the proper
mean frequency of the modulated wave from,




2,424,833

_ 3
unit &. A crystal controlled oscillation gener-
ator is preferred in unit 2.

The unit 3 includes a device for alternately
feeding the outputs of units | and 2 to a dis-
criminator and detector in unit 4. The device in
unit 3 may be either mechanical or an electronic
switch which is keyed by the output of a Keyer
in unit 5. The keyer in unit 5 may comprise a
wave generator providing a wave to kKey the
switcher in unit 3, or may comprise mechanical
means for providing keyed direct current at its
output.

The current out of 5 may be of sine wave form
or rectangular. In one example illustrated, the
apparatus in 5§ is a multi-vibrator oscillator of
a well known type wherein sustained oscillations
of square wave form such as illustrated in Fig.
5 are generated. These currents or voltages

which may be below audibility or, if desired, -

above audibility, are fed to the unit 3 which
_herein is referred to as a switching stage. The
function of the unit 3 is to permit output from
the modulated non-stable oscillator I, and out-
put from the stable oscillation source 2 to be fed
to the discriminator and detector in 4 alterna-
tively for equal time periods set by the rate of
recurrence of the current or oscillations from
unit 5.

The object of this apparatus is to compare the
mean frequency of the oscillations of the mod-
ulated generator in | with the frequency of the
oscillations from the reference source in 2.

Assume that the mean frequency out of unit
| is as desired. ‘Then it is equal to the frequency
of the source in 2 and the frequency of the os-
cillations fed alternatively by mechanical or elec-
tronic switch stage 3 to the discriminator in 4
are equal and say Fo and represented by a
straight line in Fig. 4. The output of a diserimi-
nator and detector in unit 4 will then be constant
(Fo Fig. 6) and represented by o straight line,
say Vs in Fig., 7. If, however, the mean fre-
quency of the modulated oscillations out of unit
i has varied and is say higher than the fre-
guency of the oscillations from source I, then as
3 is switched by the output of the keyer in unit
5 the input to the discriminator in unit § is first
at frequency Fo, Fig. 4, and then at frequency
Pn (modulated oscillations out of unit 1), and
back at Fo.: If the drift of the modulated source
in unit | is in the opposite direction when this
source is switched through, the pulses F'm passed
to unit 4 input are below the frequency Fo, as
shown by dotted lines in Fig. 4.

Now the output of the discriminator and de-
tector changes, as illustrated in Fig. 6, and there
is an increased oubtput from unit 4 when the mod-
ulated oscillations have a mean frequency Fm
above the frequency of the source in unit 2,
and the stage | is feeding through to the input
of the unit 4. The voltage at the detector out-
put varies from Vo to Vu, Fig. 7, as the stage 3
switches the input to the discriminator and de-
tector in unit 4. The wave form at the output
* of unit 4 is then as illusirated by full lines in

PFig. 1.

If the drift of the modulated source in unit 1
is in the opposite direction and say through the
frequency Fo of the reference source to a fre-

- quency F'm, Figs. 4 and 6, then the output of
the discriminator and detector in unit 4 drops
to say Va, Fig. 4, when the switch in 3 lefs the
output of the modulated oscillator | through.
The wave form is then as shown by dotted lines
and full lines in Fig. 7.
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Thus from the discriminator and detector in
unit 4 I derive & voltage which is keyed from a
base value an amount depending on the drift of
the mean frequency of the modulated wave from
unift {, and in a direction depending upon the
relation of this mean frequency to the frequency
of the oscillations generated in unit 2. The dis-
criminator and detector in unit 4 has a linear
characteristic over the range of the frequencies
which may be present at its input.

A filter circuif in unit & functions to remove
the modulation present on the output of the fre-
quency modulated oscillator in unit f. The fil-
ter in 6 is not needed in cases where the tuning
device used to stabilize the mean frequency of
the modulated oscillator in unit | is not re-
sponsive to this modulation.

At the output of the filter in 6 then is obtained
a square wave whose amplitude is proportional
to the differences between the average frequency
of the modulated oscillator in unit | and the
frequency of the stabilized or fixed frequency
output of unit 2. This square wave is plotted
against time in Pig. 7, and is either in phase or
out of phase with the output of the keying means
in B, depending upon whether the mean fre-
quency of the oscillations out of 1 is higher or
lower than the frequency of the stabilized os-
cillations out of unit 2, and on the phasing of
the switcher in 3 and the discriminator charac-
teristic in 4. TFor example, if Figs. 5 and 7 are
compared, it will be seen that when the mean
frequency of the oscillator unit { is above Fo
the wave output of the discriminator 4 and filter

‘6 shown in full lines in Fig. 7 is in phase with

the keying voltage out of unit §, shown in Fig.
5. When the mean frequency of the oscillator
unit | is below Fo then the keying voltage out of
5 and output of the discriminator 4, shown in
dotted lines, Fig. 7, oppose.

It will also be apparent by reference to Fig. 6
that reversing the diseriminator characteristic so
that it is as shown by dotted line {9 therein in-
stead of by full line 8, will reverse the output of
the detector in unit 4 and filler in unit 6, as
shown by dotted lines in Fig. 7. Note that this
output now opposes in phase the output from unit
5, whereas the output of unit 4 shown in full lines
is in phase with the output from unit 5. Ob-
viously, by reversing the operation of the me-
chanical or electrical switch in unit 3 the same
result can be obtained. Also by reversing the
operation of the keying voltage or current out of
the unit § will result in reversing the output of
the discriminator 4 in filter 6. Any of these ex-
pedients then may be used to provide out of 8
for use in the tuning apparatus in T a voltage of a
polarity such as to retune the oscillator in | in
the proper direction to bring the mean frequency
thereof in agreement with the frequency of the
reference oscillations supplied from 2.

In any case, the square wave output from the
filter 6 is either in phase (full lines, Figs. 5 and 7),
or out of phase (dotted lines, Fig, 7; full line, Fig.
5), with the output of the keyer in 5 depending
on whether oscillator § is higher or lower in fre-
quency than oscillator 2, and this phase relation
is such as will be seen in detail hereinafter fo act
through the unit T to properly tune the frequency
modulated oscillator in 1 to restore equality be-
tween the frequenmes fed through switcher stage
3 tounit §.- -

‘The outputs of umts 5 and 6 are combined, in
one of & number of ways, to control the tuning
of the oscillator in | to hold the saime at the fre-
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quency of the reference oscillations produced by
oseillator 2. One such device for retuning the
oscillator in [ is a variable capacitor or induet-
ance in the oscillator circuit driven by s direct
current - motor whose field and armature are
actuated by the outputs of the filter 6 and the
keyer 5, respectively. The essential features of
this arrangement have been shown in Fig, 2 of
the drawings. This Fig. 2 also illustrates an eni-
bodiment of my invention wherein the keyer in
the uhit 5 and the switching means in the unit 3
are mechanical.

The oscillator in | may include an electron dig-
charge ‘device having g tank circuit. T coupled
with its anode and tuned by & motor driven con-
denser. Additional capacity not shown may be
included in the circuit T. The oscillator may be
frequency modulated in any known  manner in
accordance with control potentials. For exariple,
reactance tube modulation as disclosed in Crosby
patents No. 2,279,659, dated April 14, 1942, and
No. 2,279,660, dated April 14, 1942, may be used.
The mean frequency depends upon the tuning of
T and the tuning of T depends upon rotation of
the motor in 1. Output from the unit. I in tank
cireuit T is supplied by way of a mechanical
switch S in unit 3 t¢ the unit 4 during 4 portion
of g cycle of rotation of S, say half of a cycle of
the rotation of the switch 8. Output from the
unit 2, i. e, oscillations of the reference fre-
quency are supblied through the switch S in unit
3 for the remaining .part of this cycle. The
switch S is on a shaft which also carries a switch
St in the unit 5 and the switches S and St are
synchronized and may be driven by a motor 20
at say a sub or super-audible rate. The switch
S1-alternately applies direct current potentials of
opposed polarity from the source 22 to the arma-
ture winding 28 of g direct current motor 39 in
unit T driving a condenser in the tank circuit T.

When the switch 8 and S: are in the position
shown high frequency current flows from the
oscillator in | to the input of the discriminator
in 4, and direct current flows from the positive
end of source 22 in one direction through the
armature winding 28 of the motor 30, When the
switch motor 20 rotates the switches Si and S
through a half cycle of rotation the input to the
discriminator ‘4 is coupled to the output of the
oscillator in 2 and the winding 28 of the motor 30
is coupled to. the negative terminal of the source
22 so that current flows through this winding in
an opposite direction. Relative movement of
switches S and S: through half a cycle in either
direction will change this relation so that the
oscillations out of unit | are supplied to the input
of 4 when the negative terminal of source 22 sup-
plies current to the winding 28.

The output of the filter in 6 is supplied to the
field winding 32 of the motor 36. When the
sources in units | and 2 are of like frequency the
output of the discriminator and detector is con-
stant, i. e., there is no pulse output since the
voltage is Vo as illustrated in Fig. 7, the winding
32 is not energized, and the rotor of the motor
30 is stationary, so that the oscillation generator
I operates at the same mean frequency as long
as this condition is maintained. If the frequency
of the unstable oscillator in | drifts below Fo s0
that there is a pulse output from the discrimina-
tor and detector in 4 which has pulse peaks below
Vo to provide an eutput V4, Fig. 7, in phase op-
position. to the output of unit 5 te winding 28,
then the motor 30 is caused to operate in a direc-
tion such as to retune the tank circuit T in a
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proper sense to bring the frequency of the oseil-
lator generator f back to the frequency of the
oscillator generator 2. If the drift has been in
the opposite direction so that the frequency of
the generator in I is above Fo the pulse peaks out
of the detector are above Vo at say Vi and the
polarity of the current through the winding 32 is
reversed with respect to the polarity of the cur-
rent out of the unit § through winding 28, and
the direction of the rotation of the motor 30 re-
verses to again tune T in a sense such as to bring
the mean frequency of the oscillations gererated
in I to the frequency of the oscillations generated
in 2,

In the embodiment of Fig. 3 the oscillation gen-
erator in unit | may be of the type wherein the
tank circuit is associated with the output im-
pedances of a pair of reéactance tibes connected
for modulation as described say in U. S. Patent
#2,279,661. - The balanced combining and rec-
tifying system in unit 7 provides a differential
output which in cne direction increases the fre-
quency of the oscillator in | and in the other di-
rection decreases the frequiency thereof.

The switching means in unit 3 may then com-
prise a pair of electron discharge devices 48 and
£2 having their anodes tied together to supply in-
puUt to the discriminator and detector in unit 4
from the unstable oscillator in | or the stable
oscillator in 2. Tube 48, for example, has its input
electrodes including its control grid coupled tothe .
output of unit | while tube 42 has its input elec-
trodes including its control grid coupled to the
output of unit 2. The two tubes also include
screening electrodes by means of which they are
switched alternatively to pass and to block pas-
sage of excitation from unit f or 2 to unit 4.

The multi-vibrator tubes 50 and 52 in keyer 5
have their anodes connected through resistances
to a positive source of potential the negative ter-
minal of which is grounded and thereby con-
nected to the cathodes of these two tubes. The
control grids and anodes of the two tubes are
cross-connected through coupling condensers and
the anodes of the two tubes 59 and 52 are also
connected to the screening grid electrodes of the
switching tubes 23 and 42. The bias resistances
between the control grids ang cathodes of the
tubes §9 and 52 and the condensers C ang ¢’ in
the couplings between the anodes and contrel
grids are such that the tubes 50 and 52 generate
in a well known manner sustained oscillationg of
square wave form and of a sub-audible and super-
audible frequency. In generating these oscilla-
tions the tubes are alternatively conductive so
that the potentials on the anodes theresf rise and
fall at the oscillation rate ang pass from a value
which is positive suficiently to key tubes &8 and
42 to a conductive state to a value which is suf-
ficiently less positive or negative to cut these
tubes off. Thus in operation the tubes 48 ang 42
are alternatively keyed on and off by keying of
the sereen grid potentials thereof. Then the dis-
criminator circuit in 4 has as input oscillations
from the source | or from the source 2 alter-
natively present.

The anodes of the tubes 58 and 52 are also con-
nected to the opposite ends of the winding 5% so
that the generated oseillaticns are set up-in this
winding to appear in the winding 58 and to be
applied differentially to the dicde detectors D
and Df. These diode detectors have their cath-
odes coupled in opposition by resistances 68 and
62 shunted by condensers of sufficient size to.re-
move any voltages or current changes of moédula=
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tion frequency to prevent modulation of the fre-
quency modulated generatorin { by such changes
super-impressed on the control potentials. The
outpus of the filter 6 is supplied to a second trans-
former 10 having its secondary winding connect-
ing the diodes D and DI in parallel. The diodes
D and DI as connected compare and detect the
phase relation of the-cutputs of units 5 and 6.

Inspection of this circuit will show that the
voltages impressed from 56 on the diodes D and
Di are in phase and out of phase respectively,
with the voltages impressed in parallel on these
diodes by transformer 70. Moreover, the phase
relation of the output at 56 and the outpubt of
unit 6 depends upon whether the mean frequency
of the modulated oscillator in | is ahead or be-
hind the frequency of the stabilized source in 2.
Since the detector D and DI outputs which appear
across resistances 69 and 62 are differential the
polarity of the output depends upon whether the
mean frequency of the source to be controlled in
unit 1 is ahead or behind the frequency of the
standard source in unit 2. The term polarity as
used here is not to mean that the cathode of one
dicde is negative when the cathode of the cther
diode is positive and vice versa. The term does
mean, however, that if we assume that when the
sources in | and 2 are in synchronism the cath-
odes of D and Dt are say positive small substan-
tially equal amounts and the frequency of I then
shifts the cathode of one diode say D will be-
come more positive and the cathode of DI will be-
come less positive. If the shift in frequency of
the source in | is in the opposite direction then
the cathode of diode D would have become less
positive and the cathode DI more positive.

The potentials developed af the diode cathodes
are proporticnal to the difference between the
frequencies out of sources | and 2 and & meter
65 shunting resistances $0 and 62 may be cali-
brated to show not only this difference but also
give sense indications, i. e., denote whether source
{ is of higher or lower frequency than source 2.

The potential appearing at the cathode end
of resistances 60 or resistance 62 may be used to
retune the oscillation generator in [ in any de-
sired manner. For example, either of these po-
tentials may be applied as a control voltage to
a single reactance tube associated with the tank
circuit T to tune the same and make the neces-
sary corrections. In the embodiment illustrated
the potentials at the diode cathodes are applied
differentially to two reactance tubes 18 and 88,
described in detail hereinafter.

The phase relation of the voltages out of units
5 and 6 is made such, by one or the other of the
means described hereinbefore, as to vary the ef-
fective reactance of the tubes 76 and 80 con-
nected with the generator in I in a sense to bring
the mean frequency of the oscillator 1 toward
the frequency of the oscillator 2. In addition to
the means described hereinbefore for properly
relating the phase of the output § to the phase
of the output of & to obtain frequency correction
in the desired sense, it will be noted that the
direction of tuning can also be reversed by revers-
ing the polarity of either of the windings of
transformers 56 and 75.. The condensers 66 and
82 filter out the switching frequency components
before they reach the reactance tubes and cause
undesired modulations.

The reactance tube controlled oscillation gen-
erator in Fig. 1 may take many forms. For ex-
ample, I may use frequency modulated oscilla-
fion generators of the nature disclosed in many
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prior art patents, such as, for example, Croshy
U. 8. Patent #2,279,659, 2,279,660, 2,279,661 and
2,324,282, : )

In Fig. 3 I show a system substantially as dis-~
closed in Fig, 2 of Crosby U. S, Patent #2,279,661.
The generator comprises a tube 64 having an
anocde control grid and cathode regeneratively
coupled by a tank circuit T for the production of
oscillatory energy of frequency determined in
part at least by the tuning of the tank circuit
T. The generator has its grid supplied with di-
rect current biasing potential by resistance R3
and its anode connected to a +B source. The
negative terminal of this source and the cathode
are grounded. The generator is coupled to the
input of the unit 8, i. e., the switching stage, and
has an output coupled as desired to any utiliza-
tion circuit. ;

The reactance tubes 79 and 880 have their
anodes tied together and connected to the anode
end of tank circuit T. The cathodes of the re-
actance tubes are tied together for radio fre-
quency potential and to the cathode of the oscil-
lator tube 64 so that the reactive effect produced
in these tubes 70 and 80 shunt a part at least
of the tank circuit T. The phases of the radic
frequency voltages on the anodes of these tubes
are alike. The grid 74 of tube 70 obtains a radio
frequency voltage shifted in phase about 90° by
virtue of the action of phase shifting resistance
R and phase shifting condenser C. The grid 84
of the tube 89 likewise is supplied a voltage shifted
in phase about 90° with -respect to the anode
voltage of this tube by virtue of the action of
phase shifting resistance Ri.and inductance L.
The condensers CC are merely coupling con-
densers and of little or no effect on the phasing
of the voltages. . Since tube 18 obtaing its grid
voltage by a capacitive reactive drop while the
tube 80 obtains its grid 84 voltage from an in-
ductive reactive drop the effective variable re-
actance of the plate circuits of the two tubes are
of opposite sign, one being predominantly ca-
pacitive reactance, the other being predominant-
ly inductive reactance. Since an increase in am-
plification decreases the effective inductance in
the plate circuit of say tube 80, and increases the
effective capacity in the plate circuit of tube T0,
it can be seen that if the amplification of both
tubes vary in the same direction the reactive
effects tend to cancel. However, it can also be
seen that if differential confrol is applied as dis-
closed here, an increase in the amplification of
one tube while decreasing the amplification of
the other tube causes the reactive. effect to aid
each other, thereby tuning the tank circuit T.
The control potentials developed across resist-
ances 60 and 62, which vary above and below
about equal positive values as described herein-
before, are fed to the control grids 74 and 84
by way of resistances 67 and 69 respectively.
The grids 74 and 84 are biased negatively the
proper -amount by source 15 connected {o the
grids 74 and 84 by resistances T and 81 respec-
tively. The source 15 and the resistances 67, 69,
71 and 81 are such that the differential poten-
tials from diodes D and DI change the respective
tube 78 and 80 conductances the amount required
to hold operation of the generator including tube
64 and- tank circuit T.at the proper, and sub-
stantially constant, mean frequency.-

The modulation may be applied as desired as
long as it is also differential in its effect on the
tube reactances. It may be applied to the con-
trol grids gs shown. : o o U
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In the sake of simplicity I have used a dis-
c¢riminator and detector system in Fig. 4 having a
single sloping characteristic as illustrated in Fig.
6. Obviously in practice I contemplate using a
balanced discriminator circuit in order that
amplitude variations on the currents supplied to
the unit 4 will cancel out.  For example, I may
use a discriminator and detector of the off-tuned
circuit type referred to in the art as the Conrad
type discriminator. This discriminator may be
substantially as disclosed in Conrad U, S. Patent
#2,151,74'7, dated March 28, 1939. A preferred
form of circuit for use here is disclosed in Seeley
U. 8. Patent #2,121,103, dated June 21, 1938, and
in Crosby U. S. Patent #2,230,212, dated January
28, 1941,

If a filter is necessary in unit § it may he of
the low pass type where a sub-audible keying rate
is used in the unit % of Fig. 2, or a sub-audible
multi-vibrator generator is used in unit § of Fig.
3. Then frequencies falling below the modula~
tion band are passed. In case & super-audible
rate of keying is used in Fig. 2 or a super-audible
generator is used at § in Fig. 3, a high pass filter
passing frequencies above the mocdulaticn fre-
quencies may be used in unit 6.

I claim:

1. In a signalling system twe sources of cscilla~
tions the frequency of one of which may drift
with respect to the frequency of the other, re-
actance tube control means associated with said
one source to control the frequency thereof, a
discriminator and detector circuit, a switching
circuit for alternatively connecting the outputs
from said sources to said discriminator circuit at
a selected rate to produce pulses of said rate when
said one source drifts, of a phase depending on
the direction of drift of the frequency cf said one
source, means for producing voltages of a fre-
quency equal to said selected rate, means for com-
bining said produced voltage with the cutput of
said discriminator and detector circuit to obtain
voltages of an amplitude determined by the ex-
tent of drift of the frequency of said one source,
and means for controlling said tube reactance in
accordance with said last mentioned voltages.

2. The method of comparing the frequency of
a source of oscillations of unstable frequency with
oseillations from a source of substantially the
same and fixed frequency which includes these
steps, producing current pulses recurring at a
substantially constant rate, subjecting pulses of
said oscillations of unstable frequency, recurring
substantially at said constant rate, and alterna-
tively occurring pulses of said oscillations of fixed
frequency to a frequency demodulation action, to
derive pulses the phase of which depends on the
frequency of the unstabilized oscillations and
pulses of fixed frequency, and combining said
produced current pulses with said derived pulses
to provide resultant potentials which vary from
a base value in a direction depending on the fre-
quency relation of the unstable oscillations and
stable oscillations.

3. The method of comparing the frequency of a
source of oscillations of unstable frequency with
oscillations of substantially the same and fixed
frequency which includes these steps, producing
current pulses recurring at a substantially con-
stant rate, subjecting pulses of said two oscilla-
tions recurring alternately at the same substan-
tially constant rate to a timing demodulation ac-
tion to derive pulses of current, of like pulse rate
and timing, the phase of which depends on
whether the frequency of the unstable oscilla-
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tions is above or below the frequency of the oscil-
lations of fixed frequency, and combining said
produced current pulses with said derived pulses
of current to provide resultant potentials which
vary from a base value in a direction depending
on the frequency relation of the unstable oscilla-
tions and stable oscillations.

4, The method of stabilizing the frequency of
a source of oscillations of otherwise unstable {re~
quency by means of oscillations of substantially
the same and fixed frequency which includes
these steps, producing current pulses recurring
at a substantially constant rate, subjecting pulses
of saild two oscillations recurring alternately at
the same substantially constant rate to a fre-
quency discriminating and detecting action to
derive pulses of current, of like pulse rate and
timing, the phase of which depends on whether
the frequency of the unstable oscillations is above
or below the frequency of the oscillations of fixed
frequency, combining said produced current
pulses with said derived pulses of current to pro-
vide resultant potentials which vary from a base
value in a direction depending on the frequency
relation of the unstable cscillations and stakle
oscillations and controlling the frequency of said
oscillations of unstable frequency in accordance
with said resultant potentials.

5. The methoed of comparing the frequency of
a source of oscillations of unstable frequency with
oscillations from a source of substantially the
same and fixed frequency which includes these
steps, generating current pulses of substantially
square wave form and of substantially constant
frequency, alternately selecting pulses of oscilla-
tions from said two sources at a pulse rate equal
to the pulse rate of said generated pulses and in
synchronism therewith, detecting the selected
pulses of oscillations to derive pulses of current,
of like pulse rate and timing, the phase of which
‘depends on whether the frequency of the un-
stable oscillations is above or below the frequency
of the oscillations of fixed frequency, and com-
bining said generated current pulses with said
derived pulses of current to provide resultant po-
tentials which vary from a base value in a direc-
tion depending on the frequency relation of the
unstable oscillations and stable oscillations.

6. The method of stabilizing the frequency of
a source of oscillations of unstable frequency by
means of oscillationg from a source of substan-
tially the same and fixed frequency which in-
cludes these steps, generating current pulses of
substantially square wave form and of substan-
tially constant frequency, alternately selecting
pulses of oscillations from said two sources at a
pulse rate equal to the pulse rate of said gener-
ated pulses and in syhchronism therewith, sub-
jecting the selected pulses of oscillations foc a
timing demodulation action to derive pulses of
cuirent, of like pulse rate and timing, the phase
of which depends on whether the frequency of
the unstable oscillations is above or below the
frequency of the oscillations of fixed frequency,
combining said generated current pulses with
said derived pulses of current to provide resultant

‘potentials which vary from a base value in a

direction depending on the frequency relation
of the unstable oscillations and stable oscillations,
and controlling the frequency of said cscillations
of unstable frequency in acccrdance with the
resultant potentials, '

7. In apparatus for comparing the frequencies
of oscillations from two sources the frequency of
one ¢f which may gdrift with respect to the fre-
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quency of the other, a discriminator and detector
circuit, a switching circuit for alternatively con-
necting the outputs from said sources to said
discriminator circuit at a selected rate to pro-
duce pulses of said rate when said one source
drifts, of a phase depending cn the direction of
drift of the frequency of said one source, means
for producing voltages of a frequency equal to
said selected rate, and means for combining said
produced voltage with the output of said discrim-
inator and detector circuit to obtain voltages of
an amplitude determined by the extent of drift
of the frequency of said one source.

8. In frequency control apparatus two sources
of oscillations the frequency of one of which may
drift with respect to the frequency of the other,
a discriminator and detector circuit, a switching
circuit for alternatively connecting the outputs
from said sources to said discriminator circuit
at a selected rate to produce pulses of said rate
when said one source drifts, of a phase depend-
ing on the direction of drift of the frequency of
said one source, means for producing voltages of
a frequency equal to said selected rate, means
for combining said produced voltage with the out-
put of said discriminator and detector circuit to
obtain voltages of an amplitude determined by
the extent of drift of the frequency of said one
source, and means for retuning said one source of
oscillations in accordance with said last men-
tioned voltages.

9. In apparatus for comparing the frequencies
of oscillations from two sources the frequency
of one of which may drift with respect to the
frequency of the other, a frequency discriminator
and detector circuit, a switching circuit for al-
ternatively and at a selected rate connecting the
said sources to said discriminator circuit to alter-
natively rectify oscillations from said sources to
supply rectified outputf, means for preducing out-
put voltages of said selected rate, and a balanced
rectifier system excited differentially by one of
said outputs, and cophasially by the other of said
outputs.

10. In apparatus for comparing the frequencies
of oscillations from two sources the frequency
of one of which may drift with respect to the
frequency of the other, a frequency discrimi-
nator and detector circuit, a switching circuif for
alternatively and at g selected rate connecting the
outputs from said sources to said discriminator
circuit to alternatively rectify the outputs of
said sources to supply rectified output, means for
producing voltages of said selected rate, and a
balanced rectifier system excited differentially by
the output of said discriminator and detector
circuit, and cophasially by said produced voltages.

11, In apparatus for stabilizing the frequency
of oscillations from an unstable generator, a gen-
erator of substantially the same and fixed fre-
quency, & frequency discriminator and detector
circuit, a switching circuit interposed between
said generators and said discriminator for alter-
natively connecting said generators to said dis-
criminator circuit to alternatively rectify the
oscillations to supply rectified ouiput, a pulse
generator having two outputs, one of which is
coupled to said switching circuit to operate the
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same, a balanced rectifier system excited by the
output of said discriminator and detector circuit,
and by the generated pulses, and a tuning con-
trol circuit connecting said balanced rectifier
system to said unstable generator..

12, In apparatus for comparing the frequencies
of oscillations from two sources the frequency of
one of which may drift with respect to the fre-
quency of the other, a discriminator and detector
cireuit, a switching circuit for alternatively con-
necting the outputs from said sources to said dis-
criminator circuit at a selected rate to produce
current pulses of said rate when said one source
drifts, of a polarity depending on the direction
of drift of the frequency of said one source,
switching means . for producing direct current
voltages of a frequency equal to said selected
rate, and a motor having two windings, one of
which is coupled with said discriminator and de-
tector and the other of which is coupled with said
last mentioned means.

13. In frequency control apparatus, two sources
of oscillatory energy the frequency of one of
which may drift with respect to the frequency of
the other, a discriminator and detector circuit,
a switching circuit for alfernatively connecting
the output from said sources to said discrimina-
tor circuit at a selected rate to produce pulses of
said rate when said source drifts, of a phase de-
pending on the direction of drift of the frequency
of sald one source, a motor having two windings,
means for producing voltages of a frequency
equal to said selected rate and supplying the same
to one motor winding, a coupling between said
detector circuit and the other winding of said
motor, and reactive means operated by said
motor for controlling the frequency of the oscil-
latory energy of said one of said two first sources.

14. In apparatus for comparing the frequencies
of oscillations from two sources, the frequency

. of one of which may drift with respect to the fre-

quency of the other, a frequency discriminator
and detector circuit, a switching circuit for alter-
natively and at a selected rate connecting the
said sources to said discriminator circuit to al-
ternatively rectify oscillations from said sources
to supply rectified output, of a polarity depend-
ing on the relative frequencies of said two
sources, a motor having two windings, means for
producing direct current potentials recurring at
said selected rate and applying the same to one
of said motor windings, and a connection be-
tween the output of said detector and the other
of said motor windings, the arrangement being
such that the direction of rotation of said motor
depands upon the polarity of said rectified output.
NATHANIEL I. KORMAN.
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