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Appiication March 11, 1954, Serial No. 415,480
12 Claims, {CL 332—5)

This invention relatés to a frequency control of sta-
bilization system for magnetrons, and hore particularly
to a frequency stabilization system of the injection-locking
type.

This invention is concerned with a system generally
similar to that disclosed, for example, in the copénding
but now abandoned Koros application, Serial No. 177, 453,
filed August 3, 1950. Such a system is known as an in-
jection-locking type of frequency stabilization system,
wherein output from a main high power magnetron oscil-
lator is coupled by means of a transmission liné to a load,
and wherein a lower power stable frequency source in-
jects power into the transmission line (thereby coupling
such injected power also into the main magnetron) to
stabilize the frequency of the main magnetrou This
frequency stabilization of the main magnetron is partic-
ularly desirable and useful in magnetron anode modula-
tion (for amplitude modulation) systems, wherein “push-
ing” frequency changes normally tend to occur as the
anode voltage of the main magnetron is varied for ampli-
tude modulation of the output thereof.

If it is desired to injection-lock a very high-power
magnetron to stabilize its frequency, the only injection
locking tube available may be another (smaller) mag-
netron, since in this case the injection power required
(at a frequency equal to the desired operating frequency
of the main magnetron) may be beyond the capabilities
of tubes of other types. The necessity for the use of a
magnetron as an injection locking tube, while present
for main magnétrons operating C. W., is even greater for
pulsed magnetrons, wherein the power of the main mag-
netron during the pulse is extremely high, and wherein
the injection power must be proportlonately high.

However, the use of a magnetron as an injection-lock-
ing tube involves some additional difficulties, which the
present invention satisfactorily overcomes or counteracts.
The smaller, locking magnetron is ordinarily phase-locked
to a crystal-controlled (stable frequency) scurce, in order
to cause such locking magnetron to serve in turn as a
stable frequency locking source for the main magnetron.
Despite this phase-locking of the small or locking mag-
netron, the same may be phase modulated in an undesir-
able direction or to an undesirable dsgree (thus producing
corresponding undesired system phase modulation, or
phase modulation at the load) by the large or main mag-
netron.  This comés about by réason of the following.
Duiring the amplitude ‘modulation cycle, the large mag-
netron inherently presents (due to the modulation there-
of) a varying admittance at the junction of the main
transmission line (extending between the main magnetron
and the useful load) and the branch transmission line
(extending between the locking ‘magnetron and the main
transmission line). This varying admitfance is trans-

5

10

15

20

25

30

35

40

‘45

50

65

60

65

formed to some other value at the terminals of the small

locklng magnetron.

( _ Due to the phenomenon Known as
“pulling”

(chang‘es of magnetron frequency resulting
from changes in the load on the magnetron), this varying
admittance ‘at the terininals of the locking magnetron
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causes phase modulation of the latter. This phaseé mod-
ulation of the small magnetron by the large magnetron
is undesirable because it produces incidental, undesired
systém phase modulation.

Axn object of this invention is to provide a noveél in-
jection-locking frequency stabilization system for mag-
netrons, wherein the system phaseé modulation is de-
creased.

Another object is to devise an injection-locking sys-
tem for magnetrons, wherein a magnetron is used as a
locking tube and wherein this locking magnetron is it-
self stabilized in frequency

A further object is to provide, in an m]ectron-lockmg
frequency stabilization system utrlrzmg a magnetron as
the locking tube, an arrangement for counteracting un-
desirable phase modulation of thé locking magnetron.

A still further object is to utilize the phemomenon
known as “pushing” of a magnetron in a novél way, to
decrease the system phase modulation in an injection-
locked magnetron system.

In a transmitter utilizing a pulsed magnetron, the pulse-
to-pulse frequency variation of the transmitted pulses,
even when the (envélope) flat-top portions of a plurahty
of spaced pulses are compared, may be severe. This is
a result of several causes, amiong which miay be men-
tioned the “pushing” frequency charge due t0 ripple on
the power-pack-derived anode voltage applied to. the
magnetron and the frequency change dué to the alter-
nating magnetic field inside the magnetron as a’ result
of the use of alternating current for the magietron heater
In an injection-locked magnetron frequéncy stabilization
system, of course, the elimination of this pulse to-pulse
frequency variation is attempted by the action of the
injection-locking system. However, the necessity for the
elimination of this said frequency variation calls for an
extremely accurate and fine-acting injéction-locking sys-
tein.

Therefore, another object of fhis invention is to devise
atr atrangement for minimizing the pulse-to -pulse fre-
quency variation of a pulsed magnetron on which: a phase
control system is operative, thereby rendering less exact-

1ing the required performance of the phase control system.

Theé objects of this invention are accomphshed ‘briefly,
in the following manner: In an 1n]ecnon-loclung fre-
quéncy stabilization system for a main magnetron, a
smaller magnetron is used as the injection locking tube.
‘A sample 'of ‘the oscillatory energy in the ‘load is com-
pared in a phase discriminator with' oscillatory energy
from a crystal-controlled source, and fhe output of this
ing ‘magnetron in such a direction as‘to decrease the sys-
tem phase ‘modulation. The locking magnetron may be
phase-locked by means of a feedback loop ‘operating on
FM giins inside the magnetron, in addition. Tn certain
casés, a ‘portion -of the modulating ‘signal acting on ‘the
main magnetron ‘may be also applied to anode modulate
the‘small locking magnetron. In addition, ‘to counteract
certain pulse-to-pulse frequency -variations of a pulsed
magnetron, a counteracting voltage ‘may ‘be applied to
-an ‘FM gun'in‘the magnetron, this voltage ‘being -derived
from the voltage responsible for producing the said pulse-
‘to-pulse freqiency varidtions.

The foregoing and other objects ‘of -this ‘invention will
be better 'understood from the following description ‘of
some exemplifications thereof, reference being had to'the
ac‘c’ompa‘nying drawings, wherein:

iFig. 1 is'a combined detailed schematic-and’ block dia~
gram:of an arrangement according to this’ 1nventron,

‘Fig. 2 is a partial block diagram’ of ‘a ‘modified ‘embodi-
ment;and

Fig. 3 is"a combined detailed- schematic and’ block d1a-
gram of-arother arrangement- accordlng to’ thrs invention,
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Now referring to Fig. 1, a main high power magnetron
oscillator 1 is the oscillator whose frequency is to be sta-
bilized by an injection-locking system according to this
invention. Magnetron 1 has a cathode 2 (the outer shell
or anode of the magnetron being grounded as shown)
which is connected through a high level series modulator
3 to the negative terminal of a high voltage unidirectional
power supply 4 the positive terminal of which is grounded
as indicated. A modulating signal, for example a tele-
vision video signal, is fed into a low level modulator
5 which is essentially an amplifier, and is then fed through
a coupling capacitor 6 to the high level modulator 3 the
output of which is coupled to cathode 2. Thus, it may
be seen that the modulator 3 is connected in series in the
cathode circuit of magnetron 1, so that such magnetron
is anode-modulated by the modulating signal fed into
medulator 5. The modulator 3 is, in effect, in the anode-
cathode circuit of magnetron 1.

Magnetron 1 is connected to act as an oscillator, de-
veloping therein oscillatory energy in the R. F. range (for
example, about 800 mc.), and this energy is amplitude
modulated by the modulating signal fed to modulator 5,
which modulating signal varies the magnetron anode-cath-
ode voltage and thereby the amplitude of the R. F. out-
put of the magnetron.

A main transmission line 7 serves as the main mag-
netron output line and is coupled to feed output energy
from magnetron 1 to a useful load 8 which may, for
example, be a transmitting antenna. Line 7 may be a
coaxial line, as illustrated. The oscillatory energy ap-
pearing in the load 8 is amplitude modulated in the man-
ner described.

As the result of several different causes, undesired phase
modulation or (FM) of the oscillatory energy in the load
may tend to occur, and this undesired system phase modu-
lation is what is reduced by the pressnt invention. This
phase modulation may occur at very slow rates (being
the result of temperature variations in the magnetron, for
example) or it may occur at modulation frequency rates
(being the result of frequency “pushing” due to amplitude
modulation of the magnetron).

To stabilize the frequency of the magnetron 1 and to
substantially eliminate the system phase modulation, an
injection-locking frequency stabilization system is utilized.
A locking magnetron oscillator 9, of smaller output power
rating than the main magnetron 1, is coupled by means
of a branch transmission line 10 (which may be a coaxial
line, as illustrated) to inject power of quite stable fre-
quency into transmission line 7, and thereby also into

magnetron 1, to lock the frequency of the main magnetron 5

1 to the frequency of the “standard” or “reference” mag-
netron 9, which latter operates at a frequency equal to the
desired frequency of operation of magnetron 1. Trans-
mission line 10 is coupled between the output of mag-
netron 9 and the transmission line 10,
a cathode 11 (the outer shell or anode of the magnetron
being grounded as shown) which is connected through
a high level series modulator 12 to the negative terminal
of a high voltage unidirectional power supply 13 the posi-
tive terminal of which is grounded as indicated. The
output of a low level modulator 14 (which latter is essen-
tially an amplifier) is fed to the high level modulator
12 the output of which is coupled to cathode 11. The
modulator 12 is connected in series in the cathode circuit

of magnetron 9, so that such magnetron is anode-mod- .65

ulated by the modulating signal fed into modulator 14.
What the said modulating signal is and from whence it is
derived, will be explained hereinafter.

Magnetron 9 has 5
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The injection of a small amount of locking power (smail

as compared to the power output of the main magnetron
1) from magnetren 9 into the main transmission line 7,
and thereby also into the main magnetron 1, serves to
lock the frequency of magnetron 1 to the frequency of
magnetron 9, in the manner described in detail in the
aforementioned Koros application. Thus, the frequency
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of magnetron 1 is stabilized by the locking magnetron 9,
by means of an injection-locking arrangement.

In order for the main magnetron 1 to be stabilized in
this manner, it is of course essential that the locking mag-
netron 9 provide locking power which is stable in fre-
quency. To stabilize the frequency of the locking mag-
netron 9, this (smaller) magnetron may be phase-locked
to a crystal-controlled oscillatory source by means of a
feedback loop operating on FM guns in magnetron 9,
if this magnetron has such guns. Thus, the magnetron
9 may have embodied therein a plurality of frequency
control means known as “FM guns,” only one of which
is illustrated in Fig. 1, but each of which may consist of
an electron-emitting cathode 16 and an electron flow
control element or grid 17. The electron beams from
these guns are projected by means of a gun anode sup-
ply 18 the negative terminal of which is connected to
cathode 16 and the positive terminal of which is grounded,
through cavity resonators which are integral with the cav-
ity resonators of the magnetron 9. In order to suit--
ably bias grids 17 negatively with respect to cathodes
16, a bias potential source 19, illustrated for simplicity
as a battery, is connected between cathodes 16 and grids
17 through a resistor 28. The source 19 is bypassed for
high frequencies by a capacitor 21. Variable control of
the intensity of the electron beams from cathodes 186, by
the application of a suitable varying voltage between cath-
odes 16 and grids 17, provides variable shunt reactance
for the frequency-determining parameters of the mag-
netron; in this way the output frequency of magnetron
9 may be controlled. These FM guns may be used to
phase-lock the tube 9 to a reference crystal-controlled
source, by means of a feedback loop now to be described.

A small portion of the output of magnetron 1 is
taken off by means of a coaxial transmission line 22
which is ccupled to the main transmission line 7 and
is fed as one input to a balanced phase discriminator-
detector 23, A reference crystal-controlled source 24,
which comprises a crystal oscillator feeding one or more
frequency multiplier stages, supplies the other input to
unit 23, by way of a transmission line 25. Unit 23 in-
cludes a diplexer, impedance matching secticns, diode
rectifier-detectors and an amplifier. In the unit 23, the
frequency and phase of the main magnetron output (the
system output, in the load 8) are compared with the fre-
quency and phase of the reference crystal-controlied
source 24, and an amplified voltage appears on the phase

- discriminator output lead 26 whenever the main magne-

tron frequency differs from the reference crystal-con-
trolled source and/or whenever the relative phase of the
main magnetron output has other than a predetermined
value. Since the injection locking arrangement operates
to lcck the frequency of the main magnetron 1 to that
of the locking magnetron 9, the frequency of the locking
magnetron is essentiaily the same as that of the system
(which latter is what is sensed by unit 23), so that the
frequency and phase of the lecking magnetron ¢ may
be sensed by unit 23 and said locking magnetron may be
phase-locked to the crystal-controlled source 24. The
output of phase discriminator-detector 23 may contain
energy from zero frequency (D. C.) on up through a high
video frequency, and thus may be responsive to slew drifts
(due to temperature changes, etc.) or changes at modula-
tion rates (e. g, due to magnetron “pushing,” etc. and
which may be termed system phase modulation) in the
system or load frequency. For a more detailed descrip- _
tion of the arrangement comprising units 23 and 24, refer-
ence is made to the copending Bond et al, application,
Serial No. 130,964, filed December 3, 1949, now Patent
No. 2,676,260, dated April 20, 1954.

The discriminator ouiput which may operate on the
FM guns of the locking magnetron 9 (if this magnetron
has such guns therein) may be passed through a variable
gain device 27 (e. g., an attenuator), to adjust the rela-
tive amplitude of the signal to a desired value, and then )
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applxed, duectly to. the. control. elements. of. grlds 17-of-
the ¥M. guns in magnetron §, so.that such s:gnal is.effec~
tively . apphed between the. cathodes 16 and. control. ele--

ments 17 of such guns as:a variable or controllable bias
voltage for such, guns, to; produce controllable changes
in, the output frequency of magnetror 9. The output of
discriminator 23. thus may. conr_rol by means. of the EM,
guns, the output frequency of locking oscillator. 9.to. bring
it_back to exactly. the frequency of reference.source. 24,
1f‘_;1vt hag_dnftecl away. therefrom. The arrangement. just
described, including elements 22 through 27, thus: may
constitute a first feedback loop operating on the FM guns.
of magpetron 9, which, phase-locks the locking magnetron,
9 to the crystal-controlled source 24.

If desired, a_coupling circuit such as that described in

my- prior, Patent No. 2,620,467 may: be used between. the:

output, of device.27 and the FM gun grids,
As.previously stated, for frequency stablhzatxon of the,

main magnetron 1 by injection locking it is essential that-

the_frequency of the, locking magnetron 9 be held:sub-
stantxally ﬁxed or constant, However, during. the amph—
netron presents a varymg admittance to ‘the lockmg mag—
netron, so that due to “pulling,” phase modulation of the
locking magnetron tends to be produced. This, of course,
is detrimental to the necessary. constancy of frequency of
the locking magnetron, if it cccurs in an undesirable di-
rection_(with respect to the system phase modulation) or
to an. undesirable degree. According to.this invention,

incidental phase modulation of the locking magnetron is:
purpasely caused to occur- (by anode modulation of-this-
magnetron), but in such a direction as to decrease the.

“pulling” phase modulatlon of this maonetron, and there-
by to decrease the system phase modulation, also..

As previously described, a sample of the load ‘power is-
compared ag to phase with that from the crystal-controlled

source 24 in the phase discriminator 23. The output- of
]Ué{a:l;le 'atte‘nuatmr{ device or gain controllmg dev1ceA28
(to.adjust the relative amplitude of the signal to.a .de-

sired value) to the input of a phase reversing stage 29,
and the output side of this stage is coupled, to the input:

51de of the lIow level modulator 14. In this way, the
cutput_of discriminator 23 is attenuated, reversed in
phase, and applicd as a modulating signal to.modulator
14, thereoy to. preduce anode modulation of the locking

magnetron 9 through the series modulator 12. Thus, the:

locking magnetron is ancde modulated by the output of
phase discriminator 23.

Due to the action of phase discriminator 23, any system
phase modulation (which could result from phase modu-
lation.of the locking magnetron by the main magnetron)
is détected and appears in the discriminator output lead
26 as a corresponding modulating voltage which is used
to ancde modulate the locking magnetron 9, and to serve
as a correcting control voltage on the FM gun.grids. Due
to the frequency “pushings” action characteristic of any

magnetron, anode modulation of the locking magnetron
9 in the manner aforesaid causes incidental phase modula-
tion of the output thereof. According to one aspect. of
this invention, the output of the phase discriminator 23
is applied to the modulator 14, 12 to anode modulate the
locking magnetron 9 in such a direction that the incidental
phase modulation produced as a result decreases the sys-
tem phase modulation. As the system phase modulation
tends to go in a particular direction, the phase modula-
tion which is caused to. occur at the output of the locking
magnetron is in the opposite direction. The FM guns,
also, can be considered to produce incidental phase modu-
lanon of the locking magnetron 9 which decreases the
system phase modulation.

The elements 23, 26, 28, 29, 14, 12, etc. constitute a

second feedback loop which operates on the anode modu-..
lator for locmng magnetron 9, to produce phase modula-:

tion. thereof in opposition to the system. -phase modulation
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and in.such. a direction as:to; counteract-phase. modulationi
of the lockmg magnetron by the main magnetron.

The. necessity for- the phase reversing stage 29 will
now. be explained. It may be seen that there are two
separate feedback loops. both, excited, by the: output of
the phase. discriminator 23, and it will be assumed.that
there. are an even number of stages in. the low. level modu-~
lator (amphﬁer) 14, so that there is no reversal of phase
in modulator 14. Magnetrons operate, in. such a way
netron 1is such. as to mcrease its. output amphtude, the
output frequency tends to rise, advancing the phase of the
oscillator. energy in the load 8. This. advance of phase
(with respect to the crystal-controlled source 24) causes,
a.positive-going voltage to appear at the output .of the
phase discriminator 23, no matter how: such discriminator
is connected. Thisis true because the FM. guns ordinarily:
operate to decrease the magnetron. frequency in response
to a_positive voltage applied to. their. grids; if a negative
voltage tends to appear at the phase dlscnmmator output.
in response to an.advance. of system phase, the ‘magnetron..
frequency would tead to further mcrease because of the
FM. gun action, resulting in instability or “running away”
and a consequent “jumping” to a stable condition wherein .
the system frequency becomes such that a posxtwe-gou_:g,
voltage appears at the phase discriminator output, There-.
fore, it is_always true that when the main magnetron. 1.
is modulated up in amplitude, the system frequency tends..
to rise, and a positive voltage appears at the phase. dis--
criminator output, to be appiied to the FM gun grids-to.
thereby lower the frequency of the locking magnetron 9.
I at this time (to wit, when the magnetron 1 is modu-.
lated up in amplltude) the voltage on. the grid of am-
plifier tube 14 is positive, the voltage applied to the grids.
of modulator 12 would be positive and. would bias these
gnds to conduct more strongly, decreasing the voltage-
drop thereacross and causing the cathode 11 to become
more negative, thus modulatmg the magnetron 9 up i
amplitude, and due to “pushing” causing its output fre-
quency to increase. This is in the wrong directicn, since
what is needed is a decrease in output frequency of lock-.
ing magnetron 9 to counteract the increase in system.
output frequency when main magnetron 9 is modulated.
up in amplitude. Therefore, a phase reversing stage 29:
must be inserted in the connection between discriminator.
23 and modulator 14, so that when the voltage on the
FM gun grids is positive (in response to the modulation,
of magnetron 1 up in amplitude), the voltage on the grid
of amplifier tube 14 and on the grids of modulator 12 is-
negative, and vice versa. In this way, the anode modula-
tion of the locking magnetron 9 is made to be in such a
direction as to decrease the system phase modulaticn,
since when the main magnetron 1 is modulated up in.
amplitude, tending to increase the system frequency, both
the FM gun action and the anode modulation of lock--
ing magnetron 9 tend to decrease the system frequency,
and vice versa.

1t is desirable, in the system of this invention, that the:
length of line 16 (between the locking magnetron 9 and:
the junction of the main and branch transmission lines)
be adjusted for minimum phase modulation of the lock--
ing magnetron by the main magnetron.

All of the circuits in the anode modulation feedback-
loop should be designed to have a minimum phase delay,.
so that the ancde modulation scheme of this invention: will.
have its maximum effectiveness, in the reduction of system
phase modulation.

The two feedback loops described work together-in;:
parallel to reduce the system phase modulation.. The use
of both of these loops . extends the overall. frequency:
range of reduction of system phase modulation, and also.
inereases the accuracy (in the-sense.of more nearly perfect
compensation). of such reduction. As ;disclosed, both:
loops work in parallel for system. phase quulatlon, of:
all. frequencies. - Alternatively, a.low: pass:filter;-could:
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Ye inserted in the first feedback Toop ( that leadfng to-tﬁe "

FM guns), so that this loop would be operative for only
a-range of low frequencies (or zero frequency, D. C.) of
system phase modulation, and ‘a high pass filter conld be
inserted in the second feedback loop (that leading to the
amplitude modulator 14), so that this loop would be oper-
ative for only a range of high frequencies of system phase
modulation, B ’

If the locking magnetron 9 has no FM guns therein,
the first described feedback Icop would be omitted and
the anode-modulation loop used by itself. The anode-
modulation feedback: loop then acts by itself to reduce
or decrease the system phase modulation, in the same
manner as previously described, * ‘The' phase-reversing
stage 29 might not be necessary in this case; since the FM
gun feedback loop is no longer present to be excited by
the output of phase discriminator 237

The foregoing description has been' set forth with par-
ticular reference to a main magnetron-operating C. W.,
with video' modulation, However, this invention is also
applicable to pulsed main magnetrons.  In this case, the
C. W. level of the small, locking magnetron can be altered
(that is, its output can be amplitude modulated) during
the pulses of the large, main magnetron, the arrangement
again being such that the locking magnetron is anode
modulated in such a direction as to decrease the system
phase modulation, during the pulses of 'the main magne-
tron. With pulsed-output main magnétrons, the locking
magnetron may be prepulsed, to save power or to make
high locking power available without undue’ increase in
the size of the locking. magnetron that is required. In
other words, the locking magnetron may be pulsed, with
its longer pulses overlapping those of the main magnetron,
In the case of a prepulsed locking magretron, the pulsed
amplitude level thereof can be modulated during the
pulses of the main magnetron, by the arrangement of this
invention, to correct the system phase modulation during
the main magnetron pulses. :

There is ‘evidence that, at least for certain types of
magnetrons, the “pushing” frequency modulation of the
magnetron (which is the incidental frequency modulation
of -the magnetron output resulting from the amplitude
modulation of the magnetron) shifts phase with respéct to
the -amplitude modulation as the modulation frequency
is'increased. This is true for either locked or unlocked
magnetrons, although the aforementioned shift of phase
may differ in these two cases. When magnetrons of this
type are used for the main magnetron, if the phase modu-
lation of the locking magnetron (which, it will be re-

membered, is carried cut in such' a direction as to de- f
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crease the system phase modulation) is effected in some )

other way than by anode modulation thereof, for example
by a video medulating signal derived from the main modu-
lator S and applied to the FM guns of the locking mag-

netron 9, the resulting (correcting) phase modulation i

would have to be shifted in phase as the modulation fre-
quency is increased, in order to substantially completely
cancel or correct the system phase modulation, as is de-
sired. However, if the phase modulation of the locking
magnetron is brought about by anode modulation thereof,
this correcting phase modulation will shift phase auto-
matically, to follow the phase shift (for the main magne-
tron) of the incidental frequency modulztion (or phase
modulation) with respect to the amplitude modulation;
thus, there is an additional advantage, in certain cases or
when employing magnetrons of certain types, to using
anode modulation of the locking magnetren to decreass
the system phase moedulation. In such cases, though, a
modification of the Fig. i circuit is necessary to obtain the
desired results, and such modificaticn is illustrated in
Fig. 2, which will now be described. :

Fig. 2 is a block diagram of a portion of Fig. 1, illus-
trating the modification referred fo, and in Fig: 2 ele-
ments the same as those of Fig. 1 dre denoted by the
same reference numerals. In Fig. 2, a portion of the

60
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‘magnetrons, but in opposite phases.

8

amplified video modulating signal appearing at the output’
of low level modulator 5 is taken off and fed through"
a phase reversing stage 30 and a high pass filter 31 to "
the' output of low level modulator 14 for the locking
magnetron 9; so that the signal appearing at the output
of filter 31 is used to anode modulate the locking mag-
netron 9. In Fig. 2, a low pass filter 32 is inserted be-
tween the adjustablie attenuator 28 (to which the output
signal of phase discriminator-detector 23 is applied, by
means of output lead 26) and the phase reversing stage
29. As in Fig. 1, the output of phase reversing stage
29 is-applied to the low level modulator 14, to provide a
modulating signal for the anode modulation of locking
magnetron 9. ’
The units 30 and 31, by means of which a portion of
the main modulating signal is used to anode medulate the :
locking magnetron 9, serve as a means for causing the ’
incidental but purposeful and correcting phase modula-
tion of the locking magnetron to shift phase automatically
to follow the phase shift of system phase modulation
with respect to amplitude modulation. Since the phase
shift of system phase modulation or frequency modula-
tion with respect to amplitude modulation takes place
only as the modulation frequency is increased, the phase -
shift ‘of the correcting phase modulation needs to take '
place only at higher medulation frequencies. For this rea-
somn, the high pass filter 31 is utilized to pass only the higher -
modulation frequencies on to the series modulator for -
the locking magnetron. Also, since the phase shift of -

‘the correcting phase modulation (which ph2se modula-

tion is the phase modulation of the locking magnetron)
needs to be, for proper correction, in a direction opposite
to the phase shift of the system phase modulation or fre-
quency modulation with respect to amplitude modulation,
the phase reversing stage 30 is utilized to reverse the
phase of the modulating voltage which reaches the series
modulator 12 for the locking magnetron. )
‘In the system of Fig. 2, the modulating signal is used
for anode modulation (amplitude modulation) of both
Since magnetrons
are generally similar in their behavior, at higher modula-
tion frequencies (such as can pass through the high pass _
filter 31) the phase modulation of the locking magnetron
shifts phase automatically (and in the opposite direction
from that of the main magnetron, due to phase reverser
30) to follow the phase shift of the system phase modula-
tion or frequency modulation with respect to amplitude
modulation. _
The feedback loop from the phase discriminator output

“to the modulator 14 is effectively broken at high modula-

tion frequencies, this being done by inserting the low pass
filter 32 between the phase discriminator output and the
modulator 14. ~ Filter 32 passes only low modulation fre-

-quencies and cuts out high modulation frequencies, so
“that at high modulation frequencies the phase discrimi-

nator output is rendered ineffective to anode modulate the
locking magnetron. This is necessary because the extra
phase shift (due to the system phase modulation shifting
phase with respect to the amplitude modulation) forces .
the feedback loop to be narrow band and low gain, in
order for the loop gain to be zero at the frequency at
which the total phdse shift around the loop is 180° (the °
“Nyquist- criterion”™). Actually, if this “extra” phase .
shift is 90°, the total phase shift around the loop would -
be 180° at zero frequency, since there is another 90° .
phase shift already present (the conversion of frequency
modulation to phase modulation in the loop, by dis- .
criminator '23). In this case, the anode-modulation

feedback loop would be entirely impractical and one

‘would have to go entirely to the Fig, 2 system but omit- |
ting the feedback loop (from discriminator 23). '

Fiiter 32, when present and in use, should be adjusted .
so that the anode-modulation feedback loop is used to as™

~ high a frequency as possible, without the loop “singing.” °

In the system of Fig.'2; a low pass filter should be
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used in the FM-gun feedback loop. This should not be
used to cut out the FM-gun loop off arbitrarily, however,
but again (as with filter 32) should be adjusted to use
this loop to as high as possible a frequency, but to cut it
off to satisfy the previously-mentioned “Nyquist cri-
terion.”

The only practical way to obtain the D. C. input or
energizing power for the magnetron is from an A. C.-
operated transformer-rectifier-filter combination, that is,
from a power pack. In other words, the power supplies
4 and 13 in Fig. 1 are always A. C.-energized power

_packs. Even with the best filtering, a certain ripple volt-
age, known as “power pack ripple,” is unavoidably pres-
ent at the D. C. output terminals of these power packs.
This ripple voltage ordinarily is of double the A. C. sup-
ply frequency. In a transmitter employing a pulsed mag-
netron oscillator for producing short pulses of oscillatory
energy, the pulse-to-pulse frequency variation, even in the
flat-top portion of the pulse envelope, may be severe.
This pulse-to-pulse frequency variation may come about
due to the fact that the magnetron is pulsed on at differ-
ent times in the ripple voltage cycle of the anode volt-
age, so that different anode voltages are effective on the
magnetron during these different pulses; thus, the magne-
tron “pushing” frequency changes are different from
pulse to pulse because of the different effective anode
voltages on the magnetron. In order to eliminate such
pulse-to-pulse frequency variations in a phase-controlled
or frequency-stabilized pulse magnetron transmission sys-
tem, the phase control system has to perform in an ex-
tremely exact manner, with a very close tolerance or de-
gree of error. According to another aspect of this inven-
tion, the pulse-to-pulse frequency variation is minimized
and the required performance of the phase control sys-
tem is thereby made less exacting, by a scheme to be
presently described. Also, quite often in systems of this
type, alternating current is used for the magnetron heater.
This produces an alternating magnetic field inside the
magnetron which, combined with the steady magnetic
field applied to the magnetron, produces a resultant peri-
odically-varying magnetic field which will produce corre-
sponding pericdic variations in the output frequency of
the magnetron. The scheme now to be described in con-
nection with Fig. 3 minimizes frequency variations aris-
ing from this cause also.
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Now referring to Fig. 3, the main magnetron 1’ has a )

main cathode 2 which is suitably energized to produce
pulses of oscillatory energy. For this purpose, said cath-
ode is connected to the negative terminal of an A, C.-

‘energized unidirectional power supply 4 through a high |

level series modulator 3 which acts as a pulser for the
magnetron and is in effect opened or closed by a series
“of modulating pulses fed thereto from a suitable source
(not shown). The positive terminal of power pack 4 is
grounded, as is the anode (shell) of the magnetron 1,
so that this power pack serves as the main anode supply
for such magnetron. The D. C. or unidirectional volt-
age output of power pack 4 contains a ripple component
(e. g., of 120-cycle frequency) which is effective on the
anode voltage applied to magnetron 1, causing such
anode voltage to ripple or fluctuate periodically. Due to
frequency “pushing,” this fluctuating magnetron anode
voltage causes corresponding fluctuating frequency mod-
ulation of the magnetron, so that there tends to be pro-
duced a pulse-to-pulse frequency variation in the magne-
tron output.

Magnetron 1’ has coupled thereto an output transmis-
sion line 7 which extends to a useful Joad and also to a
.phase coniro]l or frequency stabilization system. which
Jatter may be, for example, of the injection-locking type
disclosed in- detail in Fig. 1 and previously described
herein. -In order to counteract the pulse-to-pulse fre-
quency variation previously described, the frequency sta-
Jbilization . system. would have to perform with .a high
degree of accuracy. By means of the Fig. 3 system, the
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- pulse-to-pulse’ frequency variation is minimized and the

phase control system is not required to perform as ac-
curately. ’

By means of a coupling and D. C. isolation capacitor
33 connected to the negative terminal of power supply 4,
a signal derived from the ripple component of the anode
power pack voltage and corresponding to this alternating
ripple component is applied to the input side of a variable
gain device 34, which may be either an attenuator or an
amplifier, as required. The main magnetron 1’ in Fig. 3
has embodied therein a plurality (at least two, though -
there may be more) of FM guns, similar in construction
and operation to the FM guns of locking magnetron 9in
Fig. 1. One of these guns includes an electron-emitting
cathode 16 and an electron flow control electrode or grid
17, while another gun includes an electron-emitting cath-
ode 16’ and an electron flow control electrode or grid
17'. As in Fig. 1, an FM gun anode supply 18 coacts
with the two FM guns referred to, the negative terminal
of this anode supply being connected to cathodes 16 and
16’ and the positive terminal of this supply being
grounded.

This ripple-component signal at the output side of vari-
able gain device 34 is applied to the grid 17 of one M
gun in the magnetron 1’, in such a way as to act as a
signal voltage on grid 17 with respect to cathode 16. By
the FM gun action previously described, the ripple signal
thus applied to grid 17 frequency modulates or phase
modulates the magnetron 1’ at the frequency of the rip-
ple. Since when the ripple component of the anode volt-
age is positive the effective magnetron anode voltage goes
up and the output frequency of the magnetron tends to
increase, and since a positive voltage applied to the FM
guns decreases the magnetron output frequency, no phase
reversing is necessary in the circuit which applies the
ripple signal to the FM guns, in order for such signal to
act to correct the magnetron frequency to the proper
value and to counteract the tendency of the magnetron
frequency to vary as a result of the ripple on the anode
voltage applied thereto. The ripple-component signal is
present on the FM gun at all times (even when the mog-
netron is quiescent or not pulsed on, since this signal is
obtained from the continuously-energized power supply
4), and therefore there is no delay or time lag (in the
application of this signal to the-FM gun) such as would
be associated with a feedback loop. The system of Fig.
3 then operates in such a manner that the main m2gnetron
1’ is already automatically tuned to the correct output
frequency as the pulse is applied to pulser 3 and the mag-
netron is pulsed on. The variable gain device 34 is so
adjusted that the voltage applied to FM gun grid 17 makes
the frequency variation of the magnetren output, during
the ripple voltage cycle, as small as possible.

Since ripple components are of low frequency (e. 8.,
120 C. P. S.) and reasonably constant waveform, no com-
plex phasing or shaping circuits are required in the cou-
pling between power pack 4 and the FM gun grid 17,

If desired, a very simple shaping circuit could be used in

the aforesaid coupling.

An A. C. heater supply 35 supplies 60-C. P. S. energy
to the heaters for all of the magnetron cathodes 2, 16
and 16’. Such alternating current sets up an alternating
magnetic field inside the magnetron which, added to the
steady magnetic field of the magnetron, may cause un-
desired periodic or alternating variations in the output
frequency of the magnetron. It is well-known to those
skilled in the magnetron art that the magnetron output
frequency varies as the magnetic field inside the mag-
netron varies. It is also within the scope of this invention
to reduce the magnetron output frequency variations
arising due to the usé of alternating current for the mag-
netron heaters. o : .

A 60-cycle voltage is derived from the heater stipply
35; passed through a D. C. isolating capacitor 36, and ap-
plied to a potentiometric variablé attenuator 37." A portion
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of the voltage across the potentiometer 37 is-taken-off and
"applied to the input side of -a suitable wave-shaping net-
work 38. The output of network 38 is applied as a-modu-
lating voltage between grid 17 and cathode 1§’ of the
second FM gun in magnetron 1’. Elements 37 and 38
are so designed and adjusted -that the 60-cycle voltage
wave obtained from the heater supply 35, aitenuated and
shaped by these elements, and then applied to FM gun
grid 17" makes the frequency variation of the magnetron
output due to this FM gun such as to exactly cancel the
magnetron output frequency variations ‘tending to occur
as a result of the use of alternating current for the mag-
netron heaters. In other words, the 60-cycle voltage is
applied to the FM gun grid 17’ with such a relative polar-
ity as to oppose the magnetron output frequency vari-
ations tending to occur because of the use .of alternating
-current for the magnetron heaters.

What is claimed is:

1. In combinaticn, a high power magnetron oscillator
the frequency of which is to be stabilized, a transmission
line’ coupling the output of said magnetron to a load,
a magnetron oscillator of lower power than said first-
named magnetron coupled to inject power into said Jine
to lock the frequency of said high power magnetron to the
frequency -of -said low power magnetron, means for - de-
tecting undesired phase modulation present at said load,
and means for utilizing the voltage output of s2id detect-
ing ‘means ‘to amplitude modulate said low ‘power mag-
netron by variation of its anode voltage, to thereby inci-

dentally phase modulate said low power magnetron ‘S

oppositely to the undesired phase modulation present .at
said load.

2. In combination, a high power magnetron oscillator
the frequency of which is to be stabilized, a transmission
line coupling the output of said magnetron to a load, a
‘magnetron oscillator of lower power than -said first-
named magnetron coupled to inject power into said line
‘to lock the frequency -of said high power magnetron 'to
‘the frequency of said low power magnetron, means for
‘stabilizing the frequency -of said low -power :magnetron,
‘means for amplitude modulating the output -of -said high
power magnetron, thereby causing it to present a varying
admittance to said low power magnetron and producing
‘undesired phase'modulation of said:low power magnetron,

‘means for detecting phase modulation present at said _

Joad, and means for utilizing the ‘voltage output of -said
‘detecting 'means 'to -amplitude :modulate . said ‘low ;power
smagnetron by variation-of /its ‘anode voltage, to thereby
incidentally :decrease the ‘phase -modulation of said low
‘power ‘magnetron -and ‘consequeritly .to decrease -also the
‘phase modulation present-at-said load.

3. ‘In combination, :a “high power magnetron .oscillator
the frequency:of ‘which isito'be- stabilized, .a transmission
line -coupling -the output of -said ‘magnetron to a load, a
magnetron-oscillator-of lower power than said first-named
‘magnetron coupled:to inject-power into said line to lock
the ‘frequency -of ‘said ‘high -power ‘magnetron -to ‘the
frequency of ‘said lowpower ‘magnetron, voltage-respon-
sive frequency controlling means in -said low power
magnetron,-a modulator connected:in series in the anode-
cathode circuit of said low power ‘magnetron, means for
détecting ‘phase modulation ‘present -at said load, ‘means
for coupling the -voltage output of said detecting means
to said frequency controlling means to control the
frequency- of ‘said ‘low power ‘magnetron, ‘and means for
coupling the voltage output-of said detecting means also
to-said modulator to-amplitude modulate said low power
magnetron’ by variation .of ‘its ‘anode voltage.

‘4. In combination, a“high power ‘magnetron oscillator
the’frequency 'of :‘which’is to be ~stabilized, ‘a transmission
line “eoupling ‘the -output ‘6f “said "maguetron ‘to :a_load, a
- magnetron oscillator of lower power than said first-named
-magnetron:coupled-to’inject-power into 'said line to lock
thie “frequency “df “said “High power ‘magnetron ‘to the
‘frequency “of sdid "tow ‘POWer ‘magnetron, “a source ‘of
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modulating signals operative to amplitude modulate the
output of said high power magnetron, means for detect-

-ing phase ‘modulation present at said load, means for
-utilizing the voltage output of said detecting means to

amplitude modulate said low power magnetron by varia-
tion of its anode voltage, to thereby incidentally phase
modulate said low power magnetron oppositely to the
phase modulation present at said load, and means for
utilizing modulating signals from said source to amplitude
modulate said low power magnetron by modulation of its
ancde voltage.

5. In combination, a high power magnetron oscillator
the frequency of which is to be stabilized, a transmission
line coupling the output of said magnetren to a load, a

5 magnetron oscillator of lower power than said first-named
‘ragnetron coupled to inject power into said Iine to lock

the frequency of said high power magnetron to the
frequency of said low power magnetron, means for
detecting undesired phase modulation present at said
load, means for utilizing the voltage output of said detect-
ing means to amplitude modulate said low power mag-
netron by variation of its anode voltage, to thereby in-
cidentally phase modulate said low power magnetron op-
positely to the undesired phase modulation present at said
load, and means for utilizing the voltage output of said
detecting means also to stabilize the frequency of said
low power magnetron.

6. In combination, a high power magnetron oscillator
the frequency of which is to be stabilized, a transmission
line coupling the output of said magnetron to a load, a
magnetron oscillator of lower power than said first-named
Mmagnetron coupled to inject power into said line to lock
the frequency of said high power magnetron to the
frequency of said low power magnetron, a phase dis-
criminator having two input connections and an output
connection; means for applying a sample of the voltage
across said load to one of said input connections, means
for applying a stable reference frequency voltage to the
other of said input connections, means coupled to said
output connection for amplitude modulating said low
power magnetron by variation of its anode voltage in
.accordance with the voltage output of said phase dis-
criminator, to thereby incidentally phase modulate said
low power magnetron oppositely to the undesired phase
modulation present at said load, and means also coupled
4o -said output connection and operating to lock the
frequency of said low power magnetron to said reference
frequency.

7. In .combination, a high power magnetron oscillator
the frequency of which is to he stabilized, a transmission
line coupling the output of said magnetron to a load, a
magnetron oscillator of lower power than said first-named
agneiron -coupled to inject power into said line to lock
the frequency of said high power magnetron to -the
frequency of said low power magnetron, means for stabiliz-
ing the frequency of said low power magnetron, means for
-amplitude modulating the output .of said high power mag-
netron, thereby causing it to present a varying admittance
to :said low power magnetron and producing undesired
.phase :modulation -of said low power magnetron, :a phase
discriminator having two input.connections and an output
connection; means for applying a sample of the voltage
across 'said load to .one -of said input connections, means
for applying a :stable reference frequency voltage to the
other of said input connections, and means coupled to
said output connection for amplitude modulating said
low power magnetron by variation of its anode voltage
in accordance with the voltage output of said phase dis-
criminator, to thereby incidentally decrease :the phase
modulation of said low power magnetron and consequent-
ly to decrease -also the phase modulation ‘present -at said
Toad.

8. In combination, a high power magneiron oscillator
the frequency of which is to be stabilized, a transmission
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line coupling the output of said magnetron to a load, a
magnetron oscillator of lower power than said first-named
magnetron coupled to inject power into said line to lock
the frequency of said high power magnetron to the
frequency of said low power magnetron, means for ampli-
tude modulating the output of said high power magnetron,
thereby causing it to present a varying admittance to said
low power magnetron and producing undesired phase
modulation of said low power magnetron, a phase dis-
criminator having two input connections and an output
connection; means for applying a sample of the voltage
across said load to one of said input connections, means
for applying a stable reference frequency voltage to the
other of said input connections, means coupled to said
output connection for amplitude modulating said low
power magnetron by variation of its anode voltage in ac-
cordance with the voltage output of said phase dis-
criminator, to thereby incidentally decrease the phase
modulation of said low power magnetron and consequently
to decrease also the phase modulation present at said load,
and means also coupled to said output connection for
stabilizing the frequency of said low power magnetron.

9. In combination, a high power magnetron oscil-
lator the frequency of which is to be stabilized, a trans-
mission line coupling the output of said magnetron to a
load, a magnetron oscillator of lower power than said
first-named magnetron coupled to inject power into said
line to lock the frequency of said high power magnetron
to the frequency of said low power magnetron, voltage-
responsive frequency controlling means in said low power
magnetron, a modulator connected in series in the anode-
cathode circuit of said low power magnetron, a phase dis-
criminator having two input connections and an output
connection; means for applying a sample of the voltage
across said load to one of said input connections, means
for applying a stable reference frequency voltage to the
other of said input connections, means coupled to said
output connection for applying the voltage output of said
phase discriminator to said frequency controlling means
to control the frequency of said low power magnetron,
and means also coupled to said output connection for
applying the voltage output of said phase discriminator
" to said modulator to amplitude modulate said low power
magnetron by variation of its anode voltage.

10. In combination, a high power magnetron oscillator
the frequency of which is to be stabilized, a transmission
line coupling the output of said magnetron to a load, a
magnetron oscillator of lower power than said first-named
magnetron coupled to inject power into said line to lock
the frequency of said high power magnetron to the fre-
quency of said low power magnetron, a source of modu-
lating signals operative to amplitude modulate the output
of said high power magnetron, means for detecting phase
modulation present at said load, means including a low
pass filter for utilizing the voltage output of said detect-
ing means to amplitude modulate said low power magne-
tron by variation of its anode voltage, to thereby inciden-
tally phase modulate said low power magnetron oppo-
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sitely to the phase modulation present at said load, and
means including a phase reversing stage and a high pass
filter for utilizing modulating signals from said source
to amplitude modulate said low power magnetron by
variation of its ancde voltage.

11. In combination, a high power magnetron oscil-
lator the frequency of which is to be stabilized, a trans-
mission line coupling the output of said magnetron to a
load, a magnetron oscillator of lower power than said
first-named magnetron coupled to inject power into said
line to lock the frequency of said high power magnetron
to the frequency of said low power magnetron, a source
of modulating signals operative to amplitude modulate
the output of said high power magnetron, means for de-
tecting phase modulation present at said load, means for
utilizing the voltage output of said detecting means to

» amplitude modulate said low power magnetron by varia-

_ tion of its anode voltage, to thereby incidentally phase
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modulate said low power magnetron oppositely to the
phase modulation present at said load, means for utiliz-
ing the voltage output of said detecting means also to
stabilize the frequency of said low power magnetron, and
means for utilizing modulating signals from said source
to amplitude modulate said low power magnetron by
variation of its anode voltage.

12. In combination, a high power magnetron oscil-
lator the frequency of which is to be stabilized, a trans-
mission line coupling the output of said magnetron to a
load, a magnetron oscillator of lower power than said
first-named magnetron coupled to inject power into said
line to lock the frequency of said high power magnetron
to the frequency of said low power magnetron, a source
of modulating signals operative to amplitude modulate
the output of said high power magnetron, a phase dis-
criminator having two input connections and an output
connection; means for applying a sample of the voltage
across said load to one of said input connections, means
for applying a stable reference frequency voltage to the
other of said input connections, means including a low
pass filter coupled to said output connection for utilizing
the voltage output of said phase discriminator to ampli-
tude modulate said low power magnetron by variation
of its anode voltage, to thereby incidentally phase modu-
late said low power magnetron oppositely to the phase
modulation present at said load, means including a phase
reversing stage and a high pass filter for utilizing modu-
lating signals from said source to amplitude modulate
said low power magnetron by variation of its anode
voltage, and means also coupled to said output connec-
tion and operating to lock the frequency of said low power
magnetron to said reference frequency.
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