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- -FREQUENCIES :

“David Gordon’ Clifford, Palo” “Alto, Ca’hf +and ‘Ed-
~ward Pawlishen, " deceased date- of‘*New York,
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o 9.Claims. (C1:315—5)
1 ‘ a

This invention relates to ultra-high:frequency ‘ slugs) intorreentrant -;seals. ' Cavity: Tesonators
- devices.and:generators: for electricity ;ofultra- = uwhdlly:enelosed »in vacuum ‘may -be: tuned by

high frequency, and more; particularly -to:such  :%hermal uneans, either:-by:-expansion:iof::a!:thin
-having -tunable resonant - cavities wenclosed :'in = «waHed bieceiof tubingror: bysfilaments working

- evacuated envelopes. 3 sagainstcsprings. ~Certain:difficulties, however; are

"+"The principalicbject” ofithe -invention; gener- ~inherent:in both of:thesemethods; .although they
~ally considered, is' torprovide:anrelectronic..de- willsfunction.
.vice comprising‘ an: evacuated - envelope enclos- :+In considering the 'possibility:-of using bimetal-
ing a cavity resonator: associated with:other .ele- = -lc:elementsstoracocomplish-tuning,:it-was:found
- ments for:effecting the desired-result, said reson-140 very difficult to obtain a bimetallic:strip having
-ator- having a. flexible wall, temperaturesrespon- -$wo mecessary:,qualifications; firstysufficient-width
slve means in said envelope for adjusting the sand.thickness:to:have.mechanical: rigidity,-and
. position of said wallito. tune the resonator;means  -second,:sufficient- electrical: resistivity. 40z give-a
-to effect:a-heating-discharge to.said temperature-  wvoltmampere-charactéristic in-a-range-consistent

. responsive means; and means-for. controlling the:15-with:practical-application. »A  filament-may. be
-intensity -of- said. discharge in -order to:properly = remployedtoheat the bimetallic.strip;but thermal

.tune the. resonator. ~delay.and -other -disadvantages.make this.unde-
Another ;object -of .the .invention:is to. provide -sirable.
. for the tuning of resonant cavities in the-evacu- In.accordance: w1th the invention, we-effect the

ated envelopes -of ultra-high: frequency..gener-:20=desired tuning of.a cavity resonator in an-evacu-
- ators by:means avoiding time. delay and possiblify = -ated-envelope by employing:abimetallic strip and
-of leaks. making it the anode of a small triode.:<Such tri-
< A further object of .the. 1nvent10n is to.provide  -ode.ncludes:a-source. of. electrons, which-may be
a device for.generating electricity.of ultra-high = :a: filament.cfiany. suitable-material.or an sindi-
frequency, consisting of an evacuated:envelope’25 rectly.heated. cathode. .Between this-source.and
enclosing ~a .main .cathode, -a.cavity . resonator .the bimetallic:.elemeént, functioning-as.an anode,
-through which an electron stream from:said main . .is: a;gridistructure..controlling : the :flow- of ..elec-
~cathode may pass,.bimetallic. meansfor. moving - .trons from the:souree:of:electrons:to:the bimetal-
a ‘flexible wall of .said resonator .to tune.the .lic.element.
same, and means for effecting an. independent, 780 : By virtue:of.this. construction;we pronde ‘heat-

,accurately controllable,.discharge .to: said. bime-  .ingpower:dueto.electron. bombardment, whereby
«tallic means. to _accurately position said flexible .the device will respond: more rapidly than.a strip
wall to effect:tuning. ~heated by radiation from.a . filament,.and. effect

.Other.objects.and.advantages.of the mventmn ..control: by..a.negative: grid: which..requires..sub-
relating to the.particular arrangement.and: con- :35.stantially..no:.power.  .We. thus. simplify. control
struction of the various parts will.become.appar- .circuits, external to.the. tube but- Tequired: for its
ent. as the description, proceeds. . ..eperation.

.Referring to. the drawings -illustrating the in- Now. referring to the drawings.in.detail,.the
vention: i .reference.numeral . { .. designates:.an.. evacuated

PFig. 1is a fragmentary' axial sectional view: of 140 envelope which may be:generally cylindrical and
an electron device for.generating.electricity .of  .made.from.anappropriate dielectric such.as glass.
ultra-high frequency. ard involving. -one.embodi- The .envelope.is rigid.throughout.and .does .hot
ment of the invention. - .neéd.to.have apy.moving.parts.projecting there-

Fig. 2 is a fragmentary axial sectional view.on  .through in order to ebddy the.invention. .Lead-
.the' line IT—II of. F1g 1, in the. direction. of the<45. in.cerductors.or.elements.i2.are.shown for. mak-

. arrows. ~ing ‘the.desired. connections. .Two..of these.ele-
Fig. 3 is a wiring idiagram,for;the, apparatus  .ments.connect. with:an incandescible, filament {3
‘of ‘Figs. 1 and 2. ‘ “for heating.an associated cathode (4 to electron-
"The use of.a cavity resonator.as.an. integral emlttmg -femperature.. The.cathode.{4 has its
part. of. an. electronic -device. .brought. about., cer-+i60. upper-.or..active.. -surface: desirably :-coated r :.with
tain problems. in connection with.funing.such.a .electron «.erission .material, - such +as: alkaline
resonator by change..of. its. physical. dimensions, earths.
-when in the:.evacuated device. . Early methods in- The structure which surrounds.the filament.£3
volved the. use: of . flexible.diaphragms. - .Later, -and.eathode.$4.may.be .of; generally.conventional

tuning was. effected. by. the.insertion.of metallic:55. construction:.and :carried; by the- lower-or: base-
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adjacent wall 15 of a cavity resonator 16 which
wall is in turn carried by support members 17 and
18, of nickel or other desirable material, enclosed
in ceramic insulating cylinders .19 and 21, and
carried by a pair of lead-in conductors 12. The
upper or opposite wall of the cavity resonator 16,
consists of a resilient metal plate 22 which may
be generally annular in plan and carry concen-

tric corrugations 23 for increasing ‘its- effective-
10

flexibility. The central portion of the plate 22
is connected to a hollow yoke structure 24 which
is in turn connected through a strut 25 to ap-
proximately the center of a bimetallic plate 26.
One edge of the plate is mounted, as by welding
on a channel member 21, the latter in turn car-
ried by a rigid cross brace 28 extending between
and supported on the ceramic members 19 and 21.

In operation, a beam of electrons is directed
axially of the envelope from the cathode -4,
through a grid 29 carried by the cathode struc-
ture, a grid 31 carried by an upstanding or axially
‘directed flange defining an opening in the lower
wall 15 of the cavity resonator 18, and a grid 32
carried by the upper. or flexible wall 22 of the res-
onator and spanning the central opening in the
yoke structure 24, after which said electrons en-
gage and are reflected back from a member 33.
The reflector 33 is mounted on a transverse brac-
ing structure 34, supported by the ceramic mem-
bers {9 and 21.

From the above, the constructlon will be rec-
ognized as a hollow body resonant micro-wave
generator of the reflex type, called a reflex kly-
stron, wherein the upward or forwardly moving
electrons are bunched in passing through the
constriction between the grids 3{ and 32, giving
up energy while passing back therethrough in
bunches on the reflected or return path. - Tuning
of the resonant chamber 16 may, therefore, be
obtained by -changing .the spacing between the
grids i and 32 and the dlstance between the walls
{5 and 22.

To make such a change we provide a means for
heating the bimetallic element 26 to cause the
same to flex down, or toward the main cathode 14,
from the position shown in full lines to that
shown in dotted lines, to thereby move the flexible
wall 22 and its associated grid 32 closer to the
lower or base-adjacent wall {5 defining the cavity
resonator -16. Such action lowers the generated
frequency, as will be understood by those skilled
in the art. It will also be understood that such
devices may be constructed so that when the
bimetallic element 26 is at room temperature, the
frequency generated may be a little higher than
that desired. The frequency desired may then be
produced by heating the bimetallic element 26 to
the necessary extent. - ]

Mounted above the bimetallic element 28, or
on the other side from the cathode i4, is a con-
trol- cathode 35 which may be an incandescible
filament or indirectly heated electron emissive
surface, the ends of which are supported by the
insulating cylinders {9 and 2{. In the present
embodiment we have shown a helical coil 36 sur-
rounding the cathode 35 so as to control the
electronic stream between it and the bimetallic
element 28.- This, however; is not essential, as a
grid disposed’ entirely between the cathode 35
and bimetallic element 26 may be employed. This
grid 36 is shown supported by a wire 37 the ends
of which are respectively secured to the insulat-
ing cylinders {8 and 21.

The mode of operating the generator of Figs. 1
and 2 will be apparent from the wiring diagram

.may he 60 cycle alternating current.

15

20

4
of Fig. 3. The reference character 38 represents
a transformer, the primary winding 39 of which
is supplied from a suitable source of power which
The sec~
oridary winding 41 supplies: power to the cathode
heating filament 13, as well as by the shunt wires
£2 and 43 to the heating means of auxiliary .or
control cathode 35. The cavity resonator includ-

_ing the walls 15 and 22 is maintained at a positive

potential with respect to the cathode {4, as rep-
resented by the battery 44, while the reflector 33
is made negative with respect to said cathode {4,
as represented by the battery 45. The bimetallic
element 26 is shown maintained at the same po-
tential as the walls of the resonant chamber (6

‘by electrical connection 46 and the potential of

the control grid 36 is manually variable, being
governed by moving a pointer 47 of a rheostat or

‘voltage- divider 48, the ends of which are con-

nected across a source of direct current such as
battery 49.
. It will, therefore, be seen.that by making the

. voltage of the control grid 356 more or less nega-
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tive with respect to the electron-emitting auxil-
iary cathode 35, the discharge of electrons there-
from to heat the bimetallic element 26 to the
desired temperature, may be accurately con-
trolled. Thus the position of the flexible wall 22
and its associated grid 32 may be adjusted to
make the frequency of the generated electricity
that desired,- within the limits allowed by the
structure. -

From the foregoing, it will be seen that there is
provided an electron device for generating ultra-
high frequency-in which all the essential parts

-are. enclosed in an evacuated envelope, even in-

cluding the bimetallic means for tuning the reso-
nant cavity by changing the physical dimensions
thereof and the spacing of the grids associated
therewith. It will be noted that only one extra
base pin or terminal is required, that is for the
grid 36, since the control cathode may be operated
in" parallel with the main cathode and the: bi-
metallic element directly conneCted to the reso-
nant chamber.

- -Although a preferred embodlment of the inven~
tion has been disclosed, it will be understood that
modifications may be made within the spmt and
scope of the appended claims.

We' claim:

1. An ultra~-high frequency generator of the
reflex klystron type, comprising an evacuated
envelope, a main electron-emissive cathode, a
cavity resonator through which said cathode may
discharge a beam of electrons, a reflector elec-
trode at the opposite side of the resonator from
said cathode, support means for said members,
one of the walls of said resonator through which
said bgam passes being flexible, a bimetallic plate
with one ‘end rigidly secured to said support
means, a structure straddling said reflector elec-

“trode and connecting a portion of said bimetallic
_plate which is spaced from its secured end to the
flexible 'wall, a control cathode disposed adjacent

said bimetallic plate and toward the end of said
envelope remote from said main cathode, a grid
between said control electrode and plate, potential
source means coupled to said plate and main
cathode for making said plate function as an
anode for said control cathode, an electrical sup-

~ply source adapted to be manually varied in Do~

76

tential, and connections thereto from said main
cathode and grid for regulating ‘the potential
of the latter, fo thereby govern the intensity of a
heating electron bombardment between said con-
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trol cathode and bimetallic plate; g@nd by virtue
of the corresponding movement -of ‘said -element
upon changing its temperature, adjustably pesi-
tion said flexible wall to effect a desired tunmg of
said device.

2. An ultra-high frequency device comprlslng
a main electron-emissive cathode, a-cavity reso-
nator adjacent thereto, bi-metallic means hav-
ing one end fixed with respect to the device,
allowing the remainder to have flexing move-
ment to and from said- resonator, means con-
necting a movable portion of said bimetallic
means to said resonator, a control cathode dis-
posed adjacent said bimetallic means, a grid dis-
posed between said control cathode and said
bimetallic means, potential-source means cou-
pled to said bimetallic means and control cathode
for making said bimetallic means function as an
anode for said control cathode, an envelope en-
closing all of said elements; connections from
said control cathode to a source of current for
effecting an electron discharge from said control
cathode through said grid to said bimetallic
means to heat the same to a desired tempera-
ture, a manually-variable - electrical supply
source, and connections thereto from said con-
trol cathode and grid for regulating the poten-
tial of the latter to control said electron dis-
charge therethrough and the corresponding heat
effect on the bimetallic means to adjustably :dis-
tort said cavity resonator and effect a desired
tuning.

3. An ultra-high frequency device comprising
a main electron-emissive cathode, a cavity reso-

nator adjacent thereto, a wall of said resonator :

being flexible, bimetallic means having one end
fixed with respect to the device, allowing the re-
mainder to have flexing movement to and from
said resonator, means connecting a movable por-
tion of said bimetallic means to said flexible wall,
a control cathode disposed adjacent said bi-
metallic means at a side thereof oppaosite: the
main electron-emissive cathode, 3 grid disposed
between said conirol cathode and said bimetallic
means, potential-source means coupled to said
bimetallic means and control cathode for mak-
ing said bimetallic means function as an anode
for said control cathode, an envelope enclosing
all of said elements, connections from said con-
trol cathode to a source of current for effecting
an electron discharge from said control cathode
through said grid to said bimetallic means to
heat the same to a desired temperature, a manu-
ally-variable electrical supply source, and con-
nections thereto from said control cathode and
grid for regulating the potential of the latter
to control said electron discharge therethrough
and the corresponding heat effect on the bi-
metallic means to adjustably position said flex-
ible wall and effect a desired tuning.

4, An ultra-high frequency device comprising
an evacuated envelope, a main electron-emis-
sive cathode, a cavity resonator adjacent said
cathode in said envelope, said resonator having
a flexible wall, a bimetallic plate having one end
fixed in said envelope so that upon heating, the
remainder will flex toward said resonator, means
connecting an intermediate portion of said plate
to said flexible wall, a control cathode in said
envelope adjacent said plate and disposed re-
mote from said main cathode, a grid between
said control cathode and plate, potential-
source means coupled to said plate and control
cathode for making said plate function as an
anode for said control cathode, connections from

=,
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said control cathode to’ a. source of current for
effecting ‘electron discharge from said control
cathode ‘through said grid to said plate, a man-
ually-variable -electrical supply source, and con-
nections thereto -frem said control cathode and
grid for regulating the potential of the latter to
control' “said..eéleetron discharge therethrough
and-the conseqguent heating of said bimetallic
plate to adjustably position said flexible wall
and effeet a desired tuning.

5. A discharge device comprising an evacuated
envelope ‘enclosing ‘4 main cathode, a cavity
resonator through which an electron stream
from said main cathode may pass, ohe of the
walls of said resonator being distortable, bi-
metallic means operably connécted to said dis=
tortable wall, a -control cathode, a grid therefor,
potential-source means coupled to said bimetallic
means and contrel cathode for making said bime-
tallic means function as an anode-for said control
cathode, connections from said control cathode to
a-source-of current for effecting an independent
discharge to said bimetallic means to quickly
heat it to a desired extent, a manually-variable
electrical supply source, and connections there-
to from said control cathode and grid to con-
trol said independent discharge to vary the heat-
ing of the bimetallic element and thereby the
physical dimensions thereof to accurately posi-
tion said distortable wall and effect tumng of the
resonator.

6. A tuning device for an electron-discharge
element through which a discharge may. pass
from a main electron source in an evacuated
envelope, comprising temperature-responsive
means enclosed therein and attached to said
element, a control cathode, a grid therefor; po-
tential-source means coupied to said tempera-
ture-responsive means and control cathode for
making said temperature~-responsive means
function as an anode for said control cathode,
connections from said control cathode to a
source of current for effecting an independent
electron discharge to said temperature-respon-
sive means, a manually-variable electrical sup-
ply source, and connections thereto from said
control cathode and grid to vary the heating of
the temperature-responsive means and thereby
its physical dimensions to vary the physical di-
mensions of said element and effect a desired
tuning.

7. A discharge device comprising an evacuated
envelope, a main electron source therein, and a
tuning device for an element through which a

5 ‘discharge may pass from said source, compris-

ing bimetallic means attached to said element,
a control cathode, a grid therefor, potential-
source means coupled to said bimetallic means
and control cathode for making said bimetallic
means function as an anode for said control
cathode, connections from said control cathode
to a source of current for effecting an independ-
ent electron discharge to said bimetallic means,
a manually-variable electrical supply source,
and connections thereto from said control cath-
ode and grid to vary the heating of said bime-
tallic means and thereby the physical dimensions
thereof to vary the physical dimensions of said
element and effect a desired tuning.

8. An ultra-high frequency device comprising
a main electron source, a cavity resonator adja-
cent thereto, temperature-responsive means at-
tached to said resonator to vary physical di-
mensions thereof, a control cathode adjacent
said temperature-responsive means, a grid for




2,454,308

said eontrol cathode, potentigl-source means

coupled to said temperature-responsive means
and control cathode for making said tempera-
ture-responsive means function as an anode for
said control cathode, an envelope enclosing all
of said elements, connections from said control
cathode to a source of current exterior of said
envelope for effecting an electron - discharge
through said grid between said control cathode
and temperature-responsive means, a manually-
variable electrical supply source, and connec-
tions thereto from said control cathode and grid
for regulating the potential of the latter to con-
trol the heating effect produced by said dis-
charge and adjustably distort said resonator to
effect a desired tuning.

9. An ultra-high frequency device comprising
a main electron source, a cavity resonator adja-
cent thereto, a wall of said resonator being flex-
ible, temperature-responsive means connected to
said flexible wall, a control cathode disposed ad-
jacent said temperature-responsive means but
relatively remote from said main electron source,
a grid for said control cathode, potential-source
means coupled to said temperature-responsive
means and control cathode for making said
temperature-responsive means function as an
anode for said control cathode, an envelope en-
closing all of said elements, connections from
said control cathode to a source of current ex-
terior of said envelope for effecting an electron
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discharge through said grid between- said corn~
trol cathode and temperature-responsive means,
a manually-variable electrical supply source,
and connections thereto from said control cath-
ode and grid for regulating the potential of said
grid to control the heating effect produced by
said discharge and adjustably position said flex-
ible wall to effect a desired tuning.

DAVID GORDON CLIFFORD.

JOHN PAWLISHEN,
Administrator of the Estate of Edward Pawlishen,
~ Deceased,
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