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move this element to control the operatmg freqaency of
the klystron.

A further feature of the present invention is the pro-
vision of a magnetostriction arrangement employing a:plu-
rality of ferromagneétic bars. - In one embodiment, the di-

- rection of magnetostriction of two bars is the same, and

" 10

This invention relates to frequency-control systems and
more particularly to a mechanical-drive type of frequency-
control system for an oscillator.

Tt is known that the resonant frequency of an osc111ator
may-be adjusted by mechanical variation of the geo-
metrical dimensions' of a' frequency-dependent - element
contained in the oscillator.
the frequency range of some gigacycles per second (109
c.p.s:), frequency-dependent resistors respond: very sensi
tively to any change in their geometrical dimensions to
bring about frequency control. *It is further known that,
in the frequency range of 10 gigacycles per second, a vari-
ation of the distance or.spacing of only a very minute
amount, for instance 1 microinch, of the capacitive load
of a cavity resonator or oscillator may cause the resonant
frequency thereof to be changed in the order of a few
megacycles.  To realize these mechanical frequency-con-
trol systems, the driving mechanism to adjust the fre-
quency-dependent element includes transmission gear
trains. - At the high- frequencies  with which ‘these oscil-
lators operate, there is considerable difficulty in the trans-
mission’ gear train including gears and/or levers due:to
the bearing clearance and slackness or play. The bearing
¢learance and slackness can cause impairment of the me-
chanical'adjustment of the frequency of an oscillator which
cannot be removed even with a great investment in-addi-
tional machining operations of highest precision. = Thus,

‘the mechanical gear-train type driving system for the fre-

quency-control system of an oscillator operating at these
high' frequencies is unsuitable:
In other systems where the driving system and the ele-

_ments to be driven are arranged to have the driven ele-

ment pressed ‘against. the driving system by the action of
a spring, the restoring force of the spring, because of tem-
perature influence, ‘does not guarantee a definite position
of the driven element.

An object of the present invention.is the provision of a

" frequency-control system of the mechanical-drive type

which overcomes the abovementioned difficulties.
- Anothér object of the present invention is to provide a

frequency-control system of the mechanical-drive type to

obtain extremely small mechanical variations of the fre-
quency-dependent element by ut111zmg the well known
magnetostriction phenomenon.

A feature of this invention is to.provide a frequency-
control system: for an oscillator having a mechanically
movable frequency-adjusting element and a magnetostric-
tion arrangement having a portion thereof coupled to the
frequency-adjusting element- for mechanical movement
thereof to control the operating frequency of the oscillator.

Another feature of the present invention is a magneto-
striction arrangement to control the operating frequency
of an oscillator, which compensates for temperature varia-
tion in the ‘oscillator, enables a frequency. modulation of
the ‘operating frequency of the oscillator, and provides a
manual coarse adjustment for the operating frequency of
the oscillator.

Still - another feature of the present invention is-the
provision of a magnetostriction arrangement having a
portion thereof coupled to an ¢lement of the frequency-
control gap of a klystron-type oscillator to mechanically

Tt is also known that, within .
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the direction of magnetostriction of a third bar is opposite
to that of the two bars. These three bars are disposed in
a common magnetic field to bring about the desired me-
chanical movement of the frequency-adjusting element.
In another embodiment, two ferromagnetic bars have the
magnetostriction effect in the same direction, with each
of the bars being effected by its own magnetic-field-pro=-
ducing means to bring about the desired mechanical move-
ment of the frequency-adjusting element.

The above-mentioned and other features and objects of
this invention will become more apparent by reference to
the following description taken in comjunction with the
accompanying drawings, in which:

FIGS. la and 1b illustrate schematically two different
magnetostriction arrangements which .may be utilized in
conjunction with an oscillator for mechanical tuning there-
of; -

FIG. 2 is an elevat10na1 view, partially in.section, il-
lustrating one embodiment of a frequency-control system
following the principles of this invention for tumng a
klystron oscﬂlator,

FIG: 3 is an elevational v1ew, partlally in section, il-
lustrating still another embodiment of a frequency-control
system following the principles of this invention for tun-

- ing a klystron oscillator; and
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FIG. 4 is a schematic diagram of one form of a control

circuit operable with the magnetostriction arrangement of
FIG. 3.
It is known that, when a ferromagnetic bar is placed in
a magnetic field extending axially of the ‘bar, the bar is
subjected to a change in dimension due to the magnetostric+
tion effect therein which is dependent upon the intensity
of the magnetic field. By providing a fixed clamp or
bridge to interconnect one end of two bars, it is possible
to establish a completely rigid arrangement which does not
include any gears or other such moving parts and enables
the achievement of a defined change in dimension.

Referring to FIG. la, there is illustrated one possible
arrangement for utilizing this magnetostriction phenom-

. enon in a tuning or frequency-control arrangement. - Two
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bars 1 and 2 of ferromagnetic material having opposite
directions of magnetostriction are placed in parallel rela-
tion to one another and in-a common magnetic field pro-
duced by coil 3. Bars 1 and 2 are rigidly connected to
one another at one end by clamp 4. When the intensity
of the magnetic field traversing the bars 1 and 2 in the
axial direction is varied, one bar is reduced in length
while the other bar is extended in length At the free
ends 5 and 6 of bars 1 and 2, there is available a useful
stroke L1 equal to the sum of the changes i in dimensions
of both bars 1 and 2.

Referring to FIG. 15, there is illustrated still another
magnetostriction arrangement, which can be employed fo
provide a frequency-control system for oscillators. . Bars
7 and 8, baving the same direction of magnetostriction,
are disposed parallel with respect to each other. Bar 7
has its own axial magnetic field produced by coil 9, and
bar 8 has its own axial magnetic field produced by coil
10. Bars 7 and 8 are interconnected at one end thereof
by means of clamp 4’. The two coils:9 and 10 are ener-
gized by a push-pull circuit so that at one instant of time
only the dimension of one of the bars 7 and 8 is changed
which contributes to the total useful stroke of plus or
minus L2. The advantage of this arrangement'is.that it
requires no external control-of its mean working point.

In the following discussion with reference to FIGS. 2
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3.

and 3, there are disclosed two embodiments relating to a

mechanical frequency-control system for a directly modu- -

lated reflex klystron. It is-to be remembered, however,
that the description of FIGS. 2 and 3 is not meant to
limit the scope of this invention but rather is employed
as an example of the application of the magnetostriction
principle to the mechamcal frequency control of an oscil-
lator.

As is well known, there is no possibility of effecting an
electronic frequency control in a directly. modulated kly-
stron because the reflector”electrode utilized for this pur-
pose is already occupied by the modulating voltage. If
a direct-current frequency-control .signal’ were superim-
posed on the modulating voltage for frequency control.
there would result an undesirable varying or deéterioration
of the linearity of the converter characteristics of thé
klystron. ‘With respect to this type of oscillator, it is,
theréfore, most appropnate to influence the - operating
frequency by varying the distance between the electrodes
forming the so-called control gap. It-has been observed
that a change of distance between these control electrodes
of only 10 microinches in the gigacycle-per-second fre-
quency range causes 4 fréquency variation of 50 mega-
cycles pef second. Thus, a frequency-control system uti-
lizing the magnetostriction phenomenon for the mechani-
cal positioning of the fréquéncy-adjusting -element is par-
ticularly suitable to obtain frequency control for this type

of klystron with a frequency stability of plis or minus.

500 cycles per second.

Referring to FIG. 2 and FIG. 3, there is 111ustrated
therein a portion of the klystron 11 to be mechanically
tunéd. - Klystron 11 includes a member 12, which could
be the envelope thereof, secured to the cooling assembly
13, a housing 14 for the tepeller or anode elecirode and
electrode 15 forming one element of the control gap

. whose physical displacement relative to the other element
of the control gap fixed in its physical location will bring
about the desired ‘frequency control. - The mechanical
drive arrangement for the frequency-adjusting element,
electrode 15, includes ferromagnetic bars 16 and 17 each
of which has negative magnetostriction and, hence, is re-
duced in length when placed in a magnetic field extend-
ing in its axial direction. Bars 16 and 17 are rigidly con-
nected to cooling assembly 13 at their lower ends, while
their upper ends are connected to one another by means
of bridge 18. Within this forklike structure there is dis-

posed ferromagnetic bar 19 having a positive magneto-

striction. = At ‘the upper end of bar 19. is mounted a
threaded bolt 20, which engages the internal threads of
bushing 21 composed of a non-magnetic material. The
external threads of bushmg 21 engage threads of the
theraded bore disposed in bridge 18. The magnetic field
which is necessary for magnetostriction in bars 16, 17, and
'19 is produced by a common field coil 22 enclosing bars
16, 17, and 19. To complete the magnetic flux path on
the outside of the coils, without any substantial loss, of
magnetic energy, and to provide a magnetic shield there-
for, there is provided an enclosmg structure 23 of ferro-
magnetic material. Bar 19 is provided with a bore 24
into which the housing 14 of klystron 11 projects.  In
order to feed the operating voltage to the electrode con-
tained in housing 14, there is provided a bore 25 at right
angles to bore 24. Bar 19 also includes a terminating rmg
26 which ‘is rigidly connected to member 27, carrying
electrode 15. Member 27 and, hence, electrode 15 are
capable of movement with respect to a fixed portion of the
magnetostriction  arrangement, such as cooling assembly
13, and also the other element of the control gap whose
position is fixed. With this arrangement, the useful stroke
for electrode 15 relative to assembly 13 is the sum. of the
magnetostriction  deformation of bar 19 and bars 17 and
16 substantially as described with respect to FIG. 1q, and
will ‘thereby provide the desired frequency control of the
operatmg frequency of klystron 11.

1t is of 1mportance to. the operation of the ﬁequency-

4

control system disclosed in F 1G. 2 that the material for

- bars 16, 17, and 19 be so:chosen that the changes in di-
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mension of bars 16 and 17 on one hand and bar 19
on the other hand, resulting from temperature variations,
annul each other, while the changes in dimensions due to
magnetostriction add to-one another upon variation of
the common magnetic field. ' A manual coarse adjustment
of the operating frequency of klystron 11 can be obtained
by manually turning bushing 21. According to one meth-
od of accomplishing this manual coarse adjustment, the
external threads of bushing 21 are provided with a differ-
ent pitch  than the- internal threads thereof so that one
rotation of bushing 21 will cause bar 12 to move axially

‘by an amount corresponding to the difference of the

pitches of the internal and external threads. The thusly
obtained coarse frequency adjustment can then be fixed
by means of locknut 28.

. Referring to FIG. 3, there is illustrated another em-
bodiment of the magnetostriction arrangement of this in-
vention described in connection with the frequency con-
trol-of a klystron oscillator. Bar 29 of ferromagnetic
material is placed in the magnetic field produced by coil

30, and bar 31 of ferromagnetic material is placed in the

magnetic field produced by coil 32. Both of these ferro-
magnetic bars are- of the same material and, thus, have
the samle ‘magnetosiriction direction, that is, they either
both expand (lengthen) under the influence of the mag-
netic field extending in their axial -direction, or they both
are contracted (shortened). Bar 29 has fastened to one
end thereof threaded bolt 33, and bar 31 has fastened
to one end thereof bolt 34. Bolts 33 and 34 are screwed
into their associated threaded bushings 35 and 36.
Threaded bushings 35 and 3§ are in turn screwed into

. the specially provided threaded bores in bridge 37 com-
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posed of a non-magnetic material. - With this structoral
arrangement, ‘a rigid connection: is established- between
bars 29 and 31, which transfers any axial displacement of
one bar to the other bar. To complete the magnetic
flux path and to shield the magnetic fields, coils 30 and
32 are surrounded by their associated ferromagnetic
shields 38 and 39 respectively.. The bar 31 is rigidly con-

nected to the cooling assembly 40, which in turn is cou-

pled to a fixed portion of the klystron being frequency con-
trolled substantially as illustrated and .described with re-
spect-to FIG: 2. Bar 29 includes a bore 41 which receives
a portion of the klystron being frequency controlled and
includes a flanged portion 42. coupled to the grid-retain-
ing member, which is movable with respect to the fixed
member, assembly 48, substantially as illustrated in FIG.
2. Movement of the grid-retaining member provides the
desired change in position of the movable electrode of the
control gap with respect to the fixed electrode thereof.

The operation of the arrangement of FIG. 3, which
in principle corresponds to that shown and described in
connection with FIG. 1b, will now be explained with
reference to the control arrangement for the two field
coils 39 and 32 illustrated in FIG. 4.

Referring to FIG. 4, a potentiometer 424 is driven by
means of motor 43, which responds to"a frequency-con-
trol signal whose magnitude and polarity are related to
the magnitude and direction of the frequency-drift of the
klystron with respect to the desired operating frequency.
By means of potentiometer 42a, the grids of the two
push-pull connected tubes 44 and 45 are biased more or
less negatively. The operating condition of both tubes
is chosen so that; when potentiometer 42q is positioned
at its midpoint, the tubes draw almost no current or at
least only small equal amounts of residual currents whose

. magnetostrictive effects upon bars 29 and 31 annul each

70
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other. ' If potentiometer 42a, due to a. frequency drift of
the operating frequency of the klystron, is shifted to the
left, then tube 44 is rendered nonconductive, and tube 45
is rendered conductive. Accordingly, only the field coil
32 will produce a magnetic field which will cause bar 31
to change in dimension (length) and consequently through
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bridge 37 will cause the grid holder of the klystron to be

. d1sp1aced in a direction counteracting the frequency drift.
Thus, a difference in position of the free end of bar 29
with respect to the cooling assembly 40 ‘will appear as
soon as a current flows through one of the two field coils.
The -advantage of this arrangement over the arrangement
illustrated in FIG. 2 resides in_the fact that the two field
coils at the median working point of the frequency-con-
trol system, corresponding to the desired or assigned op-
erating frequency of the klystron, are practically deener-
“gized (currentless), and thus, do not contribute towards
a variation of the length (change in dimension) of the
bars by way of heating due to current flowing in the field
coils which would be difficult to counteract.

Instead of employing potentiometer 424, it would also
be ‘possible 'to feed an alternating-current voltage via. a
transformer provided with a center tap to the tubes 44
and-45.. With this arrangement, there would then be pro-
vided a wobbulator having a relatively large modulating
frequency swing, in the order of approximately 100 mega-
cycles per second. .

" ~The magnetostriction arrangement described in connec-
tion Wlth FIG. 3 can enable a compensation of the varia-
tion in the operating condition of the klystron due to tem-
perature and also provide a manual coarse ad;ustment for
the operating frequency of the klystron.

. The manual coarse -frequency adjustment is provided
by cooperation of threaded bolt 34 and bushing 36 substan-

tially as described with respect to. threaded bolt 28 and

bushing 21 in FIG. 2. The temperature compensation is
-provided by having bridge 37 and threaded bolt 33 made of
materials having & different temperature coefficient and
positioning the bottom of bushing 35 on bolt 33 a distance
L3 from tHe top. of bar 29. The proper selection of the
material for bolt 33.and bridge 37 to provide the desired
difference in temperature coefficient, and proper position-
ing of bushing 35 on boit 33, will have the effect of a dif-
ferénce-in length appearing between bars 29 and 31, with
the amount ‘of this difference being selected to counteract
operating variations of the klystron due to temperature
variations. The polarity of this control quantity is decided
merely by the fact of which one of the two materials has
the smaller or greater temperature coefficient, and the in-
tensity of this control quantity is determined by .the posi-
tion of bushing 35 in bridge 37. To achieve this tempera-
ture - compensation, it is preferred -that the internal and
external threads-of bushing 35 have the same pitch. ‘In a
successful reduiction to ‘practice.of the temperature-com-
pensation arrangement, the bridge 37 and bolt 34 -were
made of brass, and the bolt 33 was made of invar steel.

While I have described hereinabove embodiments of
the frequency-control system of-this invention in connec-
tion with klystron oscillators, it is possible to employ the
principles of this invention in conjunction ‘with an oscil-
lator including a mechanically variable capacitor wherein
one plate of the capacitor is fixed in position and the
other plate of the capacitor is movable with respect to-the
fixed plate. - Thus, by employing the principlés of the
magnetostriction arrangements described herein, it would
be possible to adjust the frequency of the osciilator
circuit, dependent upon the magnitude of the magnetic
field, by shifting the movable plate of the capacitor in ac-
cordance with the magnetostriction deformation in the
ferromagnetic bar connected thereto.

While I have described the principles of my invention
in connection with specific apparatus, it is to be clearly
understood that this description is made only by way of
example and not as a limitation to the scope of my inven-
tion as set forth in the objects thereof and in the accom-
panying claims.

I claim: -

1. A frequency-control system for an .oscillator com-
‘prising a frequency-adjusting element mechanically mov-
able with respect to a fixed member, and a magnetostric-
tion arrangement having one portion thercof coupled to
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6

said fixed member and another portlon thereof coupled to
said frequency-ad]ustmg element for mechanical move-
ment thereof relative to said fixed member to control the
operating frequency of said oscillator, said magnetostric:
tion arrangement including first and second ferromagnetlc
bars disposed in-a parallel relation, each having one end
coupled to said fixed member, a.third ferromagnetlc bar
disposed in parallel relation to-said first and second bars
and having one end coupled to said frequency-adjusting
element, said first and second bars having a direction of
magnetostriction opposite to the direction of magnetostno-
tion of said third bar, means to produce a magnetic field
axially of and in common to each of said bars, and means
rigidly interconnecting the other end of each of said bars,
to.impart to said frequency-adjusting element a movement
egual to the magnetostriction deformation of said first and
second ‘bars plus the magnetostriction deformation of
said third bar.

2.0A frequency-control system for an oscillator com-
prising a frequency-adjusting element mechanically mov-
able with respect to a fixed member, and a magnetostric-
tion arrangemeéent having. one portion thereof coupled to
said fixed member and another portion thereof coupled
to said frequency-adjusting element for mechanical move-
ment thereof relative to said fixed member to control the
operating. frequency of said oscillator, said magnetostric-
tion arrangement including a first ferromagnetic bar hav=
ing one end thereof coupled to said fixed member, first
means to produce a magnetic field axially of said first bar,
a second ferromagnetic bar having one end thereof cou-
pled to said frequéncy-adjusting element, second mieans
to produce a magnetic field axially of said second bar,
said first and. sécond bars being disposed parallel to each
other and having the same direction of magnetostriction,
means rigidly interconnecting the -other end of each of
said bar, and means controlling said first and second field-

‘producing means to. selectively produce magnetostriction

in one of said first and second bars. to.impart to said fre-
quency-adjusting’ element ‘a movement ‘equal “to the
magnetostriction deformation of the selected one of said
first and sécond bars.

3 A frequency—control system -for an oscxllator, said
oscillator having a pair of elements which cooperate to
form a frequency-determining -gap, a first one of said ele-
ments being movable with respect to a.second one of
said elements, said system including a plurality of ferro-
magnetic bodies, said ferromagnetic bodies being coupled
together, a first-one of said ferromagnetic bodies being

. coupled to said first one of said elements, a second one

of said ferromagnetic bodies being coupled to sald second
one of said elements, and magnetic-field-producing means
disposed relative to said ferromagnetic bodies to produce
magnetostriction therein and to control the spacing of
said first one of said elements with respect to said second
one of said elements.

4, A system according to claim 1, wherein said inter-
connecting means includes a manual coarse frequency ad-
justment arrangement coupled to said third bar.

5. A system according to claim 1, wherein said means
to-produce a magnetic field includes an arrangement to
modulate the operating frequency of said oscillator.

6. A system according to claim 1, wherein said first and
second bars are composed of a first type of ferromagnetic
material and said third bar is composed of a second type
of ferromagnetic material to annul dimension changes
of said bars due to temperature variations.

7. A system according to claim 2, wherein said inter-
connecting means includes a manual coarse frequency ad-
justment arrangement coupled to one of said bars.

8. A system according to claim 2, wherein one portion
of said interconnecting means is composed of a first mate-
rial having a first temperature coefficient and another por-
tion of said interconnecting means cooperating with said
one portion is composed of a second material having a
temperature coefficient different than said first tempera-
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ture coefficient to effect compensation for variations-in
said ‘oscillator due to temperature variations.

9.. A system according to claim 2, wherein said first and
second producing means are coupled to a circuit arrange-
ment fo modulate the operating frequency of said oscil-
lator.

10, A systen “according to claim 2, wheréin said first
and second field producing means each include a coil dis-
posed-coaxially about the associated one of said bars and
a push-pull circuit arrangement coupled to said coils to
provide substantially no current through said coils at the
operating frequency of said oscillator.

11. A’ frequency-control system for a klystron com-
prising- 2 movable member. coupled to one electrode of
the control gap of said klystron to adjust the operating
frequency thereof, a cooling assembly for said Klystron,
first and second ferromagnetic bars disposed in a parallel
relation each having one end coupled to said assembly, a
third ferremagnetic bar disposed in. parallel relation to
said first and second bars having one end coupled to-said
movable member, said first and. second bars having a
direction of magnetostriction opposite to the direction -of
magnetostriction of said third bar, means to produce a
magnetic -field axially of and common to each of said
bars, and a bridge member rigidly interconnecting the
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other end of each of said bars to impart to said movable

member a movement equal to the magnetostriction de-
formation of said first and second bars plus the magneto-
striction deformation of said third bar to control the
operating frequency of said klystron.

12. A system according to claim 11, wherein said inter-
connecting means includes a manual coarse frequency ad-
justment arrangement including a threaded bore in said
interconnecting means, a bushing having external threads
engaging. the threads of sdid bore and internal threads, a
threaded bolt connected t0 said third bar screwed into the
internal threads of said bushing, the internal and the ex-

ternal threads of said bushing having a different pitch, -

and means coupled to said bushing to manually position
gaid third bar with respect to said fixed member by a
distance equal to the difference in pitch between the inter-
nal and the external threads of said bushing.

13. A sysitem according to claim 11, wherein said
‘means to produce a magnetic field includes an arrange-
ment to vary the intensity of the magnetic field in accord-
ance with a modulating frequency to modulate the operat-
ing frequency of said klystron.

14. - A frequency-control system for a klystron compris-
ing a movable member- coupled to one electrode of the
electrodes forming the control gap of said klystron, a
cooling assembly -coupled to said klystron, a. first ferro-
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magnet1c bar having one end thereof coupled to said cool-
ing assembly, first méans to produce a magnetic field
ax1a11y of said first bar, a second ferromagnetic bar hav-
ing .one end thereof coupled to said movable member, sec-
ond. means to produce a ‘magnetic field axially of said
second bar, said first and second bars. being disposed
parallel .to one- another and having thesame direction
of magnetostriction, a bridge member interconnecting the
other end of each of said bars, and means controlling said
first and second producing means to selectively produce
magnetostriction.in one of said first and second bars to
impart to said. movable member a movement equal to the
magnetostriction deformation of the selected one of said
first. and sécond bars to control the operating frequency of
said klystron,

15. A system according to claim 14, wherein said inter-
connecting means includes first and second threaded bor-
ings therein, two bushings each having internal and ex-
ternal threads, the external threads of each of said bush-
ings being adapted to be réceived by the threads of an
associated one of said ‘borings, two threaded bolts each
connected to one of said bars to be received by internal
threads of an associated one of said. bushings, and means
to manually adjust the Jongitudinal positiori of one of said
bushings to-displace one of said bars with respect to said
fixed member to provide a coarse adjustment for the
operating frequency of said klystron.

16. A system according to claim 15, wherein the other
of said bushings and said intérconnecting means are com-
posed of materials having differént temperature coeffi-
cients, and means to position the other bushings within its
associated one of said borings to adjust the axial position
of its associated bar to effect a compensation for operat-
ing variations.of said klystron due-to temperature varia-
tions.

17. A system’ accordmg to claim' 14, wherein said first
and second means to produce includes a circuit arrange-
ment responsive to an error signal proportional to the
frequency drift of the operating frequency of said oscil-
lator to produce a current having a magnitude and polarity
determined by said error signal in one of said means to
produce to return the frequency of said klystron to the
desired operating frequency.
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