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1-
The: present’ invention rélates to'automatic
frequency. stabilizers ‘and 'more" particularly to a

frequency: stabilization arrangement  for a- ve~

locity ‘modulated: electron: beam: ultra; high fre-~
quency ‘oscillator.

I radar:beaconssystems ‘the réceivers are ar-
ranged to receive:continyous waves, and accord-
ingly a+local:oscillator: is provided for the re-
céiver; Intorder-to provide proper reception it is
necessary to maintain substantially:constant the
freéquency: of - oscillations prodiiced by the local
oscillator,  Arvelocity: modulated: electron beam
ultrs: highs frequencyy vacuum: tube’ suitable for
stiehoperation::has the’characteristic that- the
frequency:of oscillations:depends-primarily upon
the- dimensions ‘of: the resonant - cavity: used as
tlie ‘oseillator tank: circuit and ‘the potential sup~
plied: to:the repeller: . Aecordingly:it is proposed’
to:provide sonie arrangement whereby ‘the poten-
tidl supplied may: be varied: or adjusted: auto-
mstically :to-bring: the frequéncy: of ‘oseillation:
back tothe dssired:value: Swuch’an arrangement

of ‘course:would compensgterfor any variation:

inithe ' potential: supplied and also any variations:
in:the frequericy. of oscillation caused by a cha,nge
in:the ‘constants 'of 'the ‘resonantcavity used as§
the oscillator taiik ‘circuit.-.

Intaccordsnce :'with the: présent idvention’the

frequency of oscillation: supptied by ‘the oscillator

isscomipired: periodically with: a frequéncy stand=
ard; and-as a ‘résult: of such comparison’the po-
tential suppliedto the ‘répeller’ of the-oscillator
tube:ismodified acéordingly. Peériodically-the
frequency of' the osecillator is-reduced for a short

interval i ordér t¢ ‘providé-the: ‘comparison with:

a.fréquency standard,; -whichiimay bé iri'the form
of::a ‘resonant: cavity ‘turied 6 - tHe "désired ‘oscil~
lator-frequency, and whieh“s coupled to thetank
circuit: of the oscillator tube: - Sinée the power

transmitted by the fréquency staridard resonant

cavity varies:in accordanée with thé frequency
of:.thé ‘eniergy supplied “td*the

frequency-is-adjusted-in the proper-direction.:

Yeavity, the fre-
quency ‘modulation:of: the-oséillator produces an-
araplitiide:modulation of-thistransmitted energy,
the wave forim of ‘whiehis ‘detected, amphﬁed?
anid<tHen-is suppliéd?td a ‘balawced polarity ‘de-
tector: citeuit’ which deteriiiriés whethér the am-~
plitade’ modulation-iridicgtes an-increase or “de~
cregse-in: theé power transmiftéd: by the frequenéy
standard resonant’ cavity. - Thé ‘balanced DO=*
larity detector:isarranged-to-control means for
warying;-in appropriatermdgnitudeand- direc--
tion, -the~potential -supplied-to--the- repeller of*
the ultra high frequendy:-oscillator-so~that -its:
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It; therefore, is“an object of the present in-
vention to ‘provide an improved method of and
apparatis for’ malntamlng relatlvely stable’ the
f1equency 'of - an’ ultra high' frequéncy oscﬂlator
utilizing” a velocity’ modulated” electron beam
tube.

It is' a-further object of the' present invention
to' providea frequency: stablhzatlon circuit” which
automatically® at: periddic” intérvals operates to
compare the’ frequency of ‘the” osclllamons gener-
ated with ‘a-frequency standard. i

It is anothef objéct of the present invention
to provide an arrangéiment for perlodlcally fre-
quency modulatlng the* ultra ‘high’ ‘frequency os-
cillator energy and for- comparmg the modulated
fréquendy” with the unniodulstéd oscillations in
order: thdt the ‘mean  frequendy’ of the oscilla-~
tion can be'adjusted periodically. )

Other and furthei objects of the present in-
vention' subsequently® will betotne apparent by
referendcé-to the following descnptmn ‘taken” in
conheétion - with- thé accompanying’ drawing
wherein -

Figure 1 shows a circuit arrangenient embody-
ing the present-invention; and

Figure 2 is'a‘graphical representation explana-
tory: of the operation of the circuit shown in’
Figure-l.

In-accordance with the present invention there
is‘provided’ alocal oscillator for s receiver of the
tybé heretofore mentioned. This local osciilator
utilizes a-velocity modulation electron beam tube
having- a resonant cavity which is coupled to
an" output transmission means and which’ also

5 supplies—energyto s “frequency standard. One

manner in which such an arrangement may be
constructed is shown in Figure 1. o
In‘Figiire 1 there is shown a velocity modulated
electron beam vacuum tube 11 of the type having
aheater 12, a-heated cathode 13, a ‘control ele¢~
trode 14, a repeller 15, and grids 16 which are
to ‘beconnected to “a resonant cavity 17. The
resonant  cavity ‘1T and: the control electrode {4
arg supplied with potential from a conductor 18
which" is contiected to the positive terminal of a
souree ‘of direct current potential. * The cathode
{8is- connected “toa direct current potential of
lower value-than-that subplied by the conductor
{8:- The repeller 15 is at & lesser positive po-
tential--obtained" through a serie§ resistor 2I°
fromi-a voltage divider circuit extending between
ground -and the positive terminal of a direct cur~
rent source.” The voltage divider circuit includes’
resistors 22, 23, vacuum ‘tube 24; and a cathode
resistor~25.- The 'resistor 23 has an adjustable
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tontact connected to the resistor 2f. A small
by-pass capacitor 19 is connected between ground
and the repeller 15, the purpose of which sub-
sequently will become apparent.

A portion of the energy generated within the
tank circuit {7 of the vacuum tube {{ is coupled
by suitable means such as a coaxial line 28 to a
resonant cavity 31 which is adjusted or tuned
to the frequency at which it is desired to have
the oscillator operate. The coaxial line 29 may
" be provided with a branch 32 so that ultra high
frequency energy may be supplied by the tank
circuit resonant cavity 17T to the receiver with
which the oscillator is associated. The reson-
ant cavity is coupled to a microwave detector 33,
which may be a crystal detector. When the
oscillations generated by the vacuum tube i1
and the tank circuit {7 are of a frequency
corresponding to the desired frequency to which

the resonant cavity 31 is adjusted, the resonant

cavity 31 will transmit the maximum amount
of energy to its output detector 83. This is
illustrated in Figure 2 by the curve 348 which
shows that at the frequency Fo which repre-
sents the desired frequency of operation, the
maximum energy is transmitted through the
resonant cavity 31. Whenever the oscillator
frequency deviates from Fo, as for example Py,
which is less than the desired frequency, the
resonant cavity transmits a smaller amount of
energy. Similarly when the frequenecy is higher
than the desired frequency Fo, as for example Fe,
the power transmitted through the resonant
cavity 3f is also less than maximum.

In order to determine as to whether the power
transmitted by the frequency standard to the
microwave defector has changed, the frequency
of the oscillator is periodically shifted a small
amount by a variation of the potential appear-
ing at the repeller 16. In the embodiment shown
in the drawing this variation of the repeller elec-
trode potential is produced by a high audio fre-
quency pulse generator. Generally the oscilla-
tor will be operating at its normal frequency,
which is the frequency of the frequency standard
resonant cavity 31, Each time that a pulse is
supplied by the high audio frequency pulse gen-
erator to modify the potential at the repeller elec-
trode of the velocity modulation electron vacuum
tube the frequency of the oscillator will be shifted
momentarily to a lower frequency. This shift
in frequency may, for example, comprise devia-
tion existing for approximately ten per cent of
the time while for the remaining ninety per cent
of the time the oscillator is operating at its
normal frequency.

Since the potential change at the repeller elec-
trode {5 of the vacuum tube Il is in the form
of a pulse, the resultant deviation in frequency
will change the power transmitted by the fre-
quency standard 3! to the microwave detector 33
which causes the output of the microwave detector
33 to produce a pulse, the polarity of which de-
pends upon the mean frequency of the oscillator
with respect to the frequency of the cavity 3f.
This is illustrated in Figure 2 from which it
will be seen that if the frequency of oscillation
prior to the action of the pulse generator is at
a frequency Fi the pulse will cause a momentary
frequency deviation which will produce a momen-
tary drop of the detector output. On the other
hand if the average frequency of the oscillator
is F2 the action of the pulse produces a momen-
tary rise of detector output.

In order to periodically shift the frequency
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of the ultra high frequency oscillator tf, a high
audio frequency pulse generator, which may be
of the asymmetrical multivibrator type, is pro-
vided utilizing a pair of vacuum tubes 235 and
36. The anodes of the vacuum tubes 35 and 36
are supplied from a suitable source of potential
through series or coupling resistors 37 and 38
respectively. The grid of the vacuum tube 35,
which is provided with a grid-to-cathode resistor
39, is coupled by a capacitor 41 to the anode of
vacuum tube 36. The grid of vacuum tube 36
which is provided with g grid-to-cathode resistor
42 is coupled by a capacitor 43 to the anode of
the vacuum tube 35. The anode of the vacuum
tube 35 is connected to a series resistor 44 which
is connected to the juncture of the resistor 21
and the repeller 15 of the vacuum tube (1.

Since the high audio frequency pulse generator
which ineludes the vacuum tubes 35 and 36 has
its output connected to a point on the voltage
divider which supplies potential to the repeller-
electrode 15 of the vacuum tube {{, each periodic
pulse supplied by the generator operates to pro-
duce a momentary shift in the frequency gen-
erated by the vacuum tube {1 and the tank circuit
{1. The capacitor I8 controls the magnitude of
the potential change at the repeller t5 due to
the pulse supplied by the pulse generator.

These pulses produced at the output of the
microwave detector 33 in response to the pulse
action on the oscillator may be negative or posi-
tive pulses dependent upon the mean frequency,
and these pulses are supplied to a pulse amplifier.
After the pulses have been amplified they are
supplied to a polarity detector subsequently to be
described. The microwave detector 33 is con-
nected to the grid circuit of a vacuum tube 45
which may include a series resistor 46 and a
grounded grid resistor 41, The cathode of the
vacuum tube 45 is connected to ground and the
anode is connected through a suitable coupling
resistor 48 to a source of anode potential. The
output of the vacuum tube 45 is coupled by a
capacitor 49 to the grid of another vacuum tube
51. The vacuum tubes 45 and 5! together with
their associated circuits comprise a two stage
pulse amplifier, the output of which is fed to a
balanced polarity detector circuit. The vacuum
tube 51 has a grounded grid resistor 52, and a
grounded cathode resistor 53 which is by-passed
by a capacitor 54. The anode of the vacuum tube
51 is connected through a coupling resistor 55 to
the source of anode potential. The anode of the
vacuum tube 51 is coupled to the balanced polarity
detector cireuit by similar capacitors 56 and 57.

The polarity detector, which preferably is in
the form of a balanced polarity detector com-
prises a pair of diode detectors 58 and 59 ar-
ranged so that the cathode of one diode detector
58 and the anode of the other diode detector 59
are connected to ground. The remaining elec-
trodes of the diode detectors 58 and 59 are con-
nected to the coupling capacitors 56 and 51.
A pair of resistors 61 and 62 interconnect these
electrodes, and the common juncture there-
between is connected to the grid of the vacuum
tube 24 through grid damping resistor 26, and is
by-passed to ground by capacitor 63. The bal-
anced polarity detector circuit is arranged to con-
trol the potential supplied to the grid of the
vacuum tube 24 thereby to vary the impedance
of the vacuum tube 24 in accordance with varia-
tions in power transmitted by the resonant cavity
31 as detected periodically.

The balanced polarity detector has a property
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“$b that when a frequency deviation such as the
“pulse 66 produces a positive pulse 672t theoutput
<pf the detéctor 33, a negative direct current bias
“substantially equal to the amplified peak voltage

of the pulse appears af the plate of ‘the ‘diode 58, -

-while only negligible direct ‘current is: developed
across the diode 59. The two resistors 61 and' 62
“gomprise a voltage divider so that the comman
‘juncture ‘therebetween -has 2 potential below

ground equal to about half of the potential ap- i

pearing-at the anode of the diode 58.

Tf the frequency deviation produced by a pulse
“gorresponds to -the pulse 84 shown in Figure-2,
the ‘microwave detector 33 supplies ‘s, negative

- pulse such as 65 to the pulse amplifier. The pulse:

thus amplified ‘appearing ‘at the anode of the
vacuum tube 5{ develops no potential across the
“diode 58 but develops a potential across the diode
'§9.. 'The potential appearing at the cathode ‘of

“diode 58 is a positive direct current potential ;

-which is substantially equal to the amplified peak
" pulse voltage; and one-half of the direct current
voltage appears at the juncture of the resistors
61 and 62. The voltages thus appearing at the

juncture of the resistors 61 and 62 are supplied s

to the control grid of the vacuum tube 24 which

is connected in the voltage divider circuit supply-
ing voltage to the repeller electrode {5 of the
vacuum tube 1. The balanced polarity detector
-therefore develops a positive direct current - po-
tential in response to negative pulses received
from the anode of the vacuum tube 51, and nega-
tive direct current potential in response to posi-

tive pulses received at the anode of the vacuum
tube §1 thereby to modify the action of the con-
trol tube 24 whenever the oscillator is too high
or too low in frequency.

TFrom the above explanation of the function
and operation of the balanced polarity detector,

it will become apparent to those skilled in the.

art that such an arrangement may find other
“application in other types of circuits. Such cir-
“euit arrangements might include a polarity de-
tector of this type in various measuring apparatus
and in control systems. :
When the oscillator comprising the vacuum
tube if and the tank circuit 17 is operating at a
frequency corresponding to the desired frequency
Fo as determined by the resonant cavity 31, the
slight deviation of the frequency due to the action
of the pulse supplied by the asymmetrical muilti-
vibrator circuit produces no significant change
in osciliator cutput as detected by the microwave
detector 23 as is shown in Figure 2. If it is as-
sumed that the frequency of the oscillator is less
than the desired frequency, as for example at
T, the frequency shift produced by the pulse is
ag has been indicated at 64 in Figure 2. Thus for
a short interval the frequency of oscillation has
been reduced so that the power transmitted by
the frequency standard resonant cavity 31 is less
than heretofore with the result that the micro-
wave detector 33 supplies to the pulse amplifier
vaeuum tubes 45 and 5f what corresponds to an
amplitude modulation indicated by the negative
pulse 65 in Figure 2. The frequency modulation
produced by the pulse supplied by the asymmetri-
cal multivibrator shifts the frequency of oscilla-
tion by an amount not exceeding one megacycle.
"This variation which corresponds to an amplitude
modulation in a negative sense is amplified and
supplied to the balanced polarity detector diode
rectifiers 58 and 59 to produce a more positive
voltage as applied to the grid of the vacuum tube
24 so as to make more negative fhe potential

"

‘supplied to the repeller 15 of the vacuum tube

i1, ‘which'in- turn increases the mean oscillator

“frequency.’

“tt.may now be -assumed that at a subsequent
period a pulse supplied by the asymmetrical mul-
tivibrator produces a: frequency modulation when
the oscillator is at-a higher frequency F2 as indi-

cated at 66 in Figure 2. Since this frequency
-change 66 shifts the frequency of osciliation sup-
“plied to the resonant cavity 3! in the direction
‘toward Fo there is an increase in the power sup-
plied to the microwave detector 38 which corre-

sponds’ to a positive amplitude modulation indi-

-eated at 87 in Figure 2. The wave form at this
:positive amplitude modulation is amplified by the
-pllse ‘amplifier vacuum tubes 45 and 51 and is
*supplied “to ‘the balanced polarity detector to de-
crease the ‘potential applied to the grid of the
“yaeuum tube 24°which has the effect of increas-
ing the potential supplied to the repeller {5 of
2the vacuum titbe {f. “This increase of the poten-

tial of the repeller ‘{6 causes the oscillator fre-
qtiency’ to be reduced to the frequency Fo. The

..vacuum tube 24 therefore operates as a variable

30

40

0

70

resistor ‘in the voltage divider circuit which in-

“gludes the resistors 22,23 and 25.

*YWhereas the embddiment of the present inven-

“tion heretofore shown and described has indicat-

ed" a periodic pulse generator as the means for
producing periodic frequency changes or frequen-

¢y modulation of the oscillator energy, it will be

gppreciated ‘other wave forms may be utilized.
The frequency standard resonant cavity coupled
to-the' tank circuit of the resonant cavity of the
tiltra high frequenty oscillator in each case will

“indicate a change in the power transmitted by

the frequency standard cavity.
If ‘the periodic change in oscillator frequency,

“for ‘comparison purposes, is brought about by a

sinusoidal wave, certain modifications as are ap-
parent to those skilled in' the art may be made
in the circuit between the microwave detector and
the voltage ‘divider ‘which supplies potential to

“the repeller of the vacuum tube oscillator. With
- g sinugoidal variation of the oscillator frequency,

the microwave detector will produce a sinusoidal
wave which may be compared with a sinusoidal
wave supplied to modify the irequency of the os-
cillator by any one of a number of devices as, for
example, a phase detector. As a result of this
comparison a bias may be generated to modify
the sction of the vacuum tube in the voltage di-
vider in a manner similar to that heretofore de-
seribed.

In order to further facilitate an understanding
of the embodiment herein disclosed, reference will
be made to certain specific elements utilized in
a device of this sort. The vacuum tube |1 may
be of the velocity modulated electron beam type
which is exemplified by such vacuum tubes as
designated by the numbers 707,726 and 2K 28,
With such vacuum tubes a potential difference of
approximately three hundred volts is applied be-
tween the cathode 13 and the cavity 11. The
repeller is operated at a potential between fifty
and two hundred volts negative with respect to
the cathode. In one embodiment the pulse am-
plifying tubes 45 and 51 are combined in a
6SI7TGT vacuum tube and the diode rectifiers 58
and 59 are combined in a 6H6 diode detector. A
6SNTGT or 6J5G is used as a control tube 24,
The asymmetrical vibrator pulse generator cir-
cuit utilized a 6SLTGT. In that circuit the re-
sistor 39 for example had a value of one megohm,

76 the resistor 42 had a value of twenty-two thou-
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sand ohms. Capacitor 41 had a value of .00015
microfarad and 43 had a value of .000015 micro-
farad and the resistors 37 and 38 each had a
value of fifteen thousand ohms and the anode
supply potential was in the vieinity of two hun-
dred volts. The resistors in the voltage divider
circuit 22, 23, and 25 had values of ten thousand,
twenty thousand, and six hundred eighty ohms
respectively. The resistors 21 and 44 were
twenty-five thousand, and four hundred seventy
thousand ohms respectively. The by-pass capa-
citor 19 had a value of .00015 microfarad. A
potential is developed by the diode rectifier ap-
Ppearing between the junction of resistors 61 and
62, each having a value of one hundred thousand
ohms, and ground. The series resistor connected
between the resistors 61 and 62, and the grid of
the vacuum tube 24 had a value of two hundred
twenty ohms and the by-pass capacitor 63 had a
value of .1 microfarad. The values of other com-
ponents shown in Figure 1 were such as are
customarily selected by usual engineering prac-
tice and will not be enumerated for the sake
of brevity.

While for the purpose of illustrating and de-
scribing the present invention, it has been men-
tioned that the oscillator shown is suitable for
use in a local oscillator in a radar beacon system,
it of course will be appreciated that other appli-
cations of this oscillator might be made and
that the invention is not to be limited to the
particular use mentioned nor to the specific cir-
cuit arrangements or values given as examples
with a view of facilitating the understanding of
the invention. The invention is set forth with
particularity in the appended claims and accord-
ingly is to be understood that such variations
and modification in the circuit arrangements and
in the instrumentalities employed may be made
without departing from the spirit and scope of
the invention defined in the claims.

This invention is hereby claimed as follows:

1. In a system for stabilizing the frequency of
an ultra high frequency oscillator, a cavity reso-
nator coupled to the output of said oscillator, said
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cavity resonator being continuously resonant at
the desired operating frequency of said oscillator,
means for periodically and impulsively shifting
the frequency of said oscillator slightly in one
direction, means for detecting any resultant
change in the output of said cavity resonator,
and for detecting the direction or sense of such
change, and means for adjusting the operating
frequency of said oscillator in accordance with
the detected change and its sense.

2. In a system for stabilizing the frequency of
an uitra high frequency oscillator, a cavity reso-
nator coupled to the output of said oscillator,
sald cavity resonator being continuously resonant
at the desired operating frequency of said oscil-
lator, means for periodically shifting the fre-
quency of said oscillator during short intervals
which constitute a small percentage of the total
operating time, means for detecting any resultant
change in the output of said cavity resonator,
and for detecting the direction or sense of such
change, and means for adjusting the operating
frequency of said oscillator in accordance with
the detected change and its sense.
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