March 14, 1950 J. P. KINZER 2,500,637
FREQUENCY SELECTIVE ELECTRICAL DEVICE
Filed June 1, 1946 2 Sheets—Sheet 1

FIG./

25
24,
3 47, 22
2 b
| [I{w-/s
30 39 -
~Hihi| i
——fijik |
’357 |
|
1% iy
N\ S
\__— MOD. _-_‘—y
44
?>
L./;. FILTER 46

INVENTOR
J.RKINZER

By i\lw

AT TORNEYV




March 14, 1950 J. P. KINZER o 2,500,637

‘ FREQUENCY SELECTIVE ELECTRICAL DEVICE

Filed June 1, 1946 | 2 Sheets-Sheet 2

| JNVENTOR
J P KINZER

‘By {VM

AT TORNEY




Patented Mar. 14, 1950

2,500,637

UNITED STATES PATENT OFFICE

2,500,637
FREQUENCY SELECTIVE ELECTRICAL
DEVICE

John P, Kinzer, Ridgefield, N. J., assignor to Bell

Telephone Laboratories,

Incorporated, New

York, N. Y., a corporation of New York
Application June 1, 1946, Serial No. 673,742
(CL 250—36)

11 Claims.
1

This invention relates to frequency selective
electrical devices and more particularly to cavity
resonators capable of resonance frequency varia-
tion over a continuous frequency range.

An object of the invention is to provide a vari-
able frequency resonator with a minimum of
mechanism.

Another object of the invention is to vary the
effective volume of the cavity resonator without
the necessity of providing moving end walls with
their cumbersome supports and guides,

A further object of the invention is to enable
matching characteristics of a lot of cavity res-
onators which differ in their internal dimensions
without introducing a factor of dissymmetry in
the resonators.

Another object of the invention is to produce
relatively low frequency oscillations and to sta-
bilize their frequency by space resonators which
are of moderate dimensions.

In accordance with one embodiment of the
invention a cavity resonator in the form of a
wide circular cylinder has as its interior cir-
cular wall the surface of a coiled flat spring which
may be withdrawn from the cylinder through a
tangential slot to increase the diameter of the
resonator thus reducing the natural resonance

frequency of the resonator. As the spring is with--

drawn it may be introduced through a tangential
slot into an adjacent similar eylinder which may
serve merely as a magazine or storage device or
may, itself, constitute a second resonator, the inte-
rior diameter of which decreases as that of the
first resonator increases. An electron discharge
device may be associated with the first resonator
to constitute an oscillator. If both cylinders are
resonators provided with electron discharge de-
vices the whole system may be used to produce
beat frequency oscillations which may be rapidly
varied in frequency since the frequency of one
resonator increases as that of the other falls. In
order to insure matching of the _charact_eristics
of two resonators having different interior diam-
eters an additional coiled spring may be intro-
duced into the resonator with the larger diameter
to reduce its diameter effectively to that of the
diameter of the smaller resonator.

In the drawing: ‘

Fig. 1 is a section of apparatus and a schematic
diagram of associated circuits of a system con-
stituting one embodiment of applicant’s inven-
tion in which beat frequency oscillations are pro-
duced; _

Fig. 2 is a sectional view along the plane pass-
“ing through the dash line 2-—2 of Fig. 1; and
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Fig. 3 illustrates a modification of the res-
onance chamber of Figs. 1 and 2.

Referring to the drawing, a two-part resonant
cavity 10 of cylindrical conformation having a
short length and a relatively large diameter com-
prises a substantially closed resonance chamber
having an interior surface of highly electrically
conducting substance such as copper or silver.
The end walls of the cylindrical structure are pro-
vided with central apertures having inwardly ex-
tending peripheral portions 11 and 12 which serve
as seats for the outwardly extending metallic
flanges 13 and (4 respectively of an electron dis-
charge tube 15 which may be of the type manu-
factured by Western Electric Company, Incorpo-
rated and designated as T07TA. 'The discharge
tube includes a heater 16, a cathode 11, a shield-
ing or guard ring I8 which may be suitably neg-
atively polarized to collimate the beam from the
cathode 1T and a highly positive cylindrical an-
ode 18 integral with the flange 14. The cath-
ode {7, collimator 18 and anode {9 constitute an
electron gun. Extending across the outer end
of the anode 19 is a screen 20 which faces a close-
Iy adjacent screen 2{ supported by an annular
electrode 22 which is integral with the flange 3.
The peripheral electrode 22 extends outwardly
through the dielectric wall 23 of the tube 5 and
is accordingly maintained electrically insulated
from the remaining electrodes. A repeller or tar-
get electrode 24 is supported by a stem 25 pass-
ing through the end wall of the tube I5 oppo-
site the electron gun. By virtue of the annular
gap between the inner margins of the periph-
eries of the screen 20 and the screen electrode
21 the electric field within the resonator 16 may
interact with the electron stream passing from
the electron gun across the gap toward the re-
peller electrode 24. To velocity-vary the stream
in such manner as to accelerate the electrons
when the field within the resonator makes the
potential of the seat Il positive with reference
to the seat 12 to retard the electrons when the
potential of the seat 1! is negative with refer-
ence to the seat 12, the electron stream of the
electron discharge tube is coupled to the electro-
magnetic field within the resonator 10 by virtue
of the mutually shared space between the screens
20 and 21. The discharge tube i5 together with
the resonator {0 and the energizing sources with
their external circuits, not shown, constitute a
“reflex” or “repeller” oscillator of the type dis-
closed at Fig. 3 of the article “Reflex Oscillators”
by J. R. Pierce, published at page 113 of the Pro-
ceedings of the I, R. E., Pebruary 1945. 'The res-
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onator 10 serves as the frequency determining
element of the oscillator. Reference is made to
that article for a description of the external po-
larizing circuits of the present invention and of
the theory of operation of such oscillators,

The resonator 10, as indicated by the sectioning
of the outer wall in Fig. 2, consists .of two .semi-
cylindrical :structures, these structures ‘being
clamped or held together in any desired manner.

It contains a coiled flat metallic spring 30 which ]

resembles a clock spring and tends to remain
tightly in contact with the interior :cylindricdl
wall 31 of resonator (9. The spring 30 is a flex-
ible metallic ribbon made with a .slight lateral
convexity or coneavity in -a rmanner .to ;give it
a slight tendency to straighten itself. .Et‘is:just
wide enough to fit within the cylindrieal reso-
nator without binding. Because-of its tendency
to straighten, it will hug the inner cylindrical
wall of the resonator. The spring may be un-
wound.or.rewound -by .a drive .mechanism s¢on-
Sisting of friction .rollers -32 .and .33, .the former
.of which .is rotatably .mounted.on a.shaft.an a
support integral with the -external-casing .34 of
‘the apparatus and.the lafter.of wWhich.is.impelled
by a stiff ‘leaf spring -35 :toward.roller.32 and.in
eontact .with ‘the .spring .30. The .outer .end .of
‘the .spring 30 passes .from the .resonator .10
fthrough a tangenfial.slot.38.and.bhetween.rollers
32 and 33 and thence .in through .another .tan- .
_gential.slot. 37 into the .interior.of the fwo-part
magazine 38 which.may .be a mere.storage.space
‘for the unreéled portfion .of .spring .39-.or which
may “be, .as ‘illustrated, a duplicate iof .xreso-
nator 0.
"The resonator 38-may.serve .-with-an.associated
élec¢tron discéharge device.similar to ftube .15 .as
a. second .reflex .oscillator. :For.each.of .the.two
oscéillators 39 and ‘40, loop -output -couplers 41
‘prdjecting ‘into the .resonator field -space rmay
provide -ottput .energy .transducers -associated
respectively with the eoaxial .circuits-42-.and .43
whicéh are eonnected .to .the.input.of a .modu-
‘lator or frequency.converter 44 designed .to de-
_rive the difference frequency .or .heat .frequency
Of ‘the ‘two osc¢illators. - To ‘the .output .of -the
moduiilator 44 .a heat frequency current.circuit-45
‘may be connected .through:an.intermediate .Jow-
‘pass filter .46 which .may .serve .to .xestriet the

‘transmitted frequency .range :to ‘the difference .

frequency produced.in the.combiner: or:modulator
44. Since'the coiled spring. 38 in.one:cavity reso-
nator moves in.such a:manner as.fo.increaseithe
“frequency.in one. resonator.at the: same.time:that
it-decreases'that.in the.other, the beat frequenrcy
varies .very .rapidly. .Frequeney .calibration 'of
'the bedt frequency .oscillater may .be.effected by
marking the portion.of the.spring tape.38 .whieh
‘passes.infront ofithe window:26 .0f-the.casing.24.

“To.prevent, pile-uyp.of the spring.30.to..such.an

extent.as to-contact .with:or .interfere «with .the

"loop .coupler 41, the inner wall.of the:resonator
18 may be._provided .with.an.inwardly.projecting
¢ircumferential .rib 47 which ,limits .the:amount
of ‘the.spring whiech may Jbe ‘wound -into .that
particilar resonator.

In .order. .to .compensate :for nmanufacturing
variations .in.the.resonators.it.may be-desirable
:to .provide .means . for .insuring ‘that ithe -initial
iresonances of.all.the.resonators:areialike. This
.may:be_had hy the use of:a.second.-ecoiled spring
A8 similar.to the-spring.3%:but-very much:shorter
~and-which winds-in-such. manner-as:to interleave
with the spring -38. -This rauxilisry or ;com-
pensating -spring -may be introduced .info .the -
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resonator through a tangential slot 49 as shown
in Fig. 3. The spring 48 may be supplied with
any desired propelling and holding device (not
shown) mounted on the exterior of the resonator.
The compensating spring may be introduced into
the resonator having the larger effective internal
.diameter .and . may be.fixed .in position so as to
-mdintain iinitidl resonance Freguencies of the
various resonators alike. This expedient is also
" of use in single resonator apparatus to adjust
the natural resonance frequency of a cylindrical
esonator.

It will be apparent that the beat frequency
-oscillator -apparatus;is relatively compact and is
:free from sthe :more elaborate piston or plunger
:supporting :mechanism customarily required in
the.case.of wide range tuning of cavity resonators.

“"What is ¢laimed is:

i1, {An €lectrical resonator comprising a closed
circular chamber having electrically conducting
wwalls, means :for iwvanying :the freguency :thereof
reomprising ian -electrieally :conducting :lining
.member swithin said .chamber :and scontiguous:to
said walls, ssaid wealls -having :a slot, zand :means
Sforiwithdrawing. said liningsmember:in :a.gradual
smanner:throughssaid stdt. \

2. A pair of electrical resonators reaech .com-
iprising ‘an electrically : resonant .chamber saving
walls vof electrieally condudting :material, :a wwall
:Ofreach cof zsaid .chambers>having slots s-whichare
aligned with :eadh other, means ifor «varying the
sfrequency cof ssaid rehambers cappoesitely compris-
‘ing a flexibie :electrically reonducting spring rib-
bon extending sthrough :said :$léts -and ;terminat-
:ing:in 2a reoil :in reach «chamber, fand imeans ifor
withdrawing said ribbon gradudlly ffrom -one
r¢hamber-and:intreduéingiit intorthe-other.

’3.7In eombination, itwo ‘microwave oscilldtion
~generators -each rcomprising -a ‘frequency -deter-
mining chamber resendtor thaving -an electron
Hpeam traversing’itr and’irdteracting-with!the field
“theredf, -and ‘movable ‘tuning -means simultane-
ouslyextending -into -each-¢f -said -ehambers “for
varying ‘their-respedétive Tesonance “frequencies‘in
-gppasite-sense,

‘4, The conibination'in accordance with-ciaim’3,
~¢haracterized “in this, *thdt ‘the resonance “fre-
quency -of -one -¢chamber *is ‘Increased -asthat -of
50 tthe-other is-decreased.

“6. *A reavity "resondtor "comprising :a -¢losed "¢y~
“lindrical conducting-¢hamber and: means*foritun-
‘ing: sait resondtor comprising -a’Bat-spring cdiled
‘therewithin “fitting :¢losély -agdinst “the ‘interior

55 ‘cylindricdl -wdll:and-variably extensive in‘length

“within -sdid chaniber whi¢h varies the ndtural

resonance frequency of;sdid.resonator.

'8, 7A pair:of similar cavity.resonators each:.com-
.prising a fixed . ¢ylindricadl .¢hamber and .having

5
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go “electrically conducting .walls and “means ‘for

matching “théir ,resonance  frequencies .compris-
‘ing. a; coiled spring fitting -tightly agdinst.the wall
of ithe ¢hamber “having ‘the 'lower naturdl res-
onance frequency, . sdid .spring "having a "length
5 .adjustable to increase.the.resonance’freguiency. of
the ¢hamber’ to..egual.the natural resonance “fre-
quencies of the.second.chamber.
7. A cavity resondtor of high .Q .comprising a
:elosed - conductive. cylinder, tuning means.there-
o -for comprising.a.coiled métal. member.in close-
fitting . contact .within:saidgylinder..and.adapted
‘to: be vwithdrawn . from.said -cavity to.vary .the
internal diameter thereof, and means .for .ex-
«citing:said :resonator:into wlectrieal.oscillation.

m5 8. .The:structure_of .claim 7, where:said-mem-
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ber is a flat spring and said exciting means is an
electron beam traversing said resonator.

9. The structure of claim 3, wherein said tun-
ing means comprises a flexible, conductive spring
terminating in a coil in each chamber, separate
electron beams for exciting each chamber into
electrical oscillation, and means for deriving beat
frequency oscillations over an extended fre-
quency range from said chamber oscillations.

10. A pair of similar cavity resonators each ]

comprising a fixed cylindrical chamber having
electrically conducting walls, each of said walls
having tangential slots, variable tuning means
for said chambers comprising a spring-like mem-

ber the eunds of which extend respectively 15

through said slots into each of said chambers and
coil therewithin and means for simultaneously
withdrawing a portion of said member from one
of said chambers to decrease the resonance fre-
quency thereof and introducing a like portion
into the other of said chambers to increase the
resonance frequency thereof.

11. The structure of claim 10 including sec-

6

ond and third spring-like members extending
separately through said slots into each of said
chambers and coiled therewithin interleaving
with portion of said first member within each of
said chambers to adjust separately the initial
resonance frequency of each of said chambers.
JOHN P. KINZER.
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