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1 “
“The present invention relateés to arrangements
" for varying the frequency of resonant:c¢avities
such as used in ultra~high:frequency radio -cir-
“cuits. - The invention relates further to an appa~
ratus‘and means for frequency rmodulating oscil«
lators- of the type -whose frequency 'is:fixed: or
~controlled through-the agency of an-associated
resonant-cavity.
" Resonant' cavities are-useful in ultrashighfre-

‘quency techniques for 4 number of:purposess In:

one application of the resonant ¢avity to-ultra-
high frequency- systems: the -cavity is tged. in
conjunction ‘with an - oscillator  ‘tube - to :supply
‘the essential -circuit” constants:and- thereby to
determine-the frequency of-oscillation.:
" “application the “cavity  may-be’ of -a°genetally
toroidal shape, and usually surrounds at-least a
portion of the vactum tube. Such:cavities are
commonly used  in-cohjunction - with ©velocity

modulated vacuum tubes ‘and’generally- are: of.

- relatively small ‘dimensions; Insuch-ultra-high
‘frequency circuit arrangement it is freguently
-desirable or necessary to vary thefrequency of
the cavity. In order to tune-the-cavity or; in

* other words, to- shift 'the' resonant:frequency o

thereof, it has ‘been -common to insert:various
devices,; such as tuning plugs or vanes; into:the
cavity through suitable openings therein; *Such
“devices are generally rather difficult to*construct

and adjust and hence it has been found-desirable’

to provide an alternative arrangement for:chang-
ing the resonant frequency of the cavity without
. bhysical adjustment of the cavity structureifself,

‘and without substantial physical ‘displacement

either of the magnetic field therein, or-alteration:

of the length of the electrostatic lines of force
therein.

" In other ultra-high frequency circuit arrange-
ments resonant cavities are utilized with velocity

modulated vacuum tubes, and thé frequéncy. of

the cavity is varied, or modulated, by prb'ﬁding
means for introducing voltage variations-into.the
supply voltages for the vacuum tube. . .Such-ar-

rangements -have the disadvantage of-causing,

concomitant -power output  variations. :-There-
fore, it has also -been found desirable to:provide
an improved method and.apparatus for frequency
modulating the ultra-high frequency -energy as-

sociated with- cavity oscillating -circuits. - Here--

toiore the possible range’ of:such:variation; or in
other :words the range’ ofthe:modulation; has
not been as great as desired and hence it is:de-
- sirable to provide an arrangement’ whereby:the

modulation frequency band will cover & widé

In-this.

(€1 119+-171.5)
2

> several ~.percenﬁ of-:the

-srange of: forrexample,
- genter dfrequency.

i In waecordance withithe present- invention:the

“rabove ‘mentioned--desirable characteristics;.and

: @ ~others which:subsequently: will-become apparent,

are accomplished. by providing an-apparatus: by

riwhich: the: frequency: of ‘& cavity resonator-may

::bawaried bytelectrical-means over 4 wide:range
Lol frequencies, )

10:: - It isptherefore; am object of the presentinven-
~tition torprovidean«improved: arrangement: for
s yaryingithe frequency -of -a'resonant: cavity.

It is another object of:the: present. invention

“. ol provide. antapparatus for: electrically varying

152thiefrequency of @ elrcuit ‘element such:as @-res-
<4 onanticavity.

o It isestill:another object of the present inven-
“Uidion:terprovide animproved appanatus for-vary-
~ving.the frequency of ‘ultrachigh-frequency radio

20 circuit elements through-a relatively.wide fange
wiof frequeneies.

=:Still: another!object: of «the: present- invention

“istorprovide aw improved-arrangement for modu-

ating: ultrashigh frequency energy-over-a:Tange

mounting to'several percent of the-central fre-

-rigquency.

v Stilkanother ‘object of the:present: invention
s:to provide an arrangement for modulating:the
5 ultra~high- frequency:-energy: of .an:- -oscillator
30:without:appreciably :changing - the:powercoutput
oitevel.
-t «Otheriand further-objects of the present inven-
L toniwill: subSetuetitly: become: apparetit by refer-
iriencs-td. the following: description: taken: ineon-

35 nection ‘with'the accompanying drawingwherein
#7 theifigure -schematically: shows. ansgpparatus-for

lectrically varying. the frequency -of: a ultravhigh

frequency-tured eircuit suchias a'resonamnt cavity.
S In order- torillustrate sthe present-invention, it

40 may be assumed:that it is desired to-eontrélithe
*-frequency of &-resonant: cavity.associated: with
-+ gryeloeity modulated vacuuiitube;:: I the draw-
~.ing there-is:shown g velocity modulated tube 10
.« ‘Which majy be any-one of a-number of the‘gen-

45: eraliy-ised types of ultra-high frequency vacuum
~':*?"r;ubes.-*-"‘»Shch«itubéf,ﬂiifor»’exampl‘e;ﬁ‘—mayw’comprise
“=an evactated-glass'eiivelope I havinga retntrant
~istem. ot press” 12 ‘through 'vhich suitable: lead-in
- »penductors:extend totheinterior of the:vactium

50 tube. "+ The’ vacuum ‘tube ‘may “be* provided'with

- a'heater 13 -arranged to heata catHode: 14 Xaving
* @ plane-surface ‘arranged ‘parallel to:the- perfo-
» rated'iplanesurface of-a grid structurs’ 15 Fhe

grid structure 15 is spaced from theplane sturface

B8 of ‘a7 suitable: griodé 16 ‘¢’ Sufficient” distance to
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allow for the perforated inner walls {7 and 18
which form part of a resonant cavity {9. The
perforated wall structures {71 and i8 in a tube of
the type illustrated are sealed to the inner walls
of the glass envelope 1i. The outer portion of
the resonant cavity 19 may be formed of an an-
nular ring-like structure 2{ having walls of suf-
ficient thickness to provide adequate mechanical
strength, which in turn.are connected by any
suitable means (not specifically shown) to join
with the inner wall structures 171 and 18, )

In the past in order to vary the frequency of the
resonant cavity 9 it has been common to insert,
through suitable openings in the outer wall 21,
plugs or vanes which either reduce the net vol-
ume of the cavity 19, displace the magnetic field
therein, or change the length of the electrostatic
lines of force. Such devices are frequently un-
desirable for mechanical reasons, ab least, and
are difficult to adjust accurately. Tt is desired to
provide other means for accomplishing this fre-
quency variation. Furthermore, where it was de-
sired to- frequency modulate the energy of the
resonant cavity 19, this was accomplished by vary-
ing the voltages supplied to the electrodes within

“the envelope 14, which of course had the unde-
sired effect of changing the power output of the

_ system.. In order to vary the frequency of the
resonant cavity 19 for either of the purposes just
mentioned, or for other purposes, there is pro-
vided, according to the present invention, the ap-
paratus shown to the right of the vacuum tube
and the resonant cavity 19.

An ultra-high frequency amplifying apparatus
comprising a suitable vacuum tube 23 having an
indirectly heated cathode 24, & control grid 2%
and an anode 26 is arranged for cooperation with
3 resonant cavity structure 27. The vacuum tube

- 23, which in the drawing has been shown as hav-
ing a
number of ultra-high frequency vacuuin tubes
which might be utilized as an ultra-high frequency
radio amplifying device. The particular vacuum
tube 22 illustrated isof the «lighthouse” type, and
has a metal shell base 28 above which is positioned
a glass envelope 29 which is secured to the ex-
ternally extending rim of the perforated grid
structure 25. Immediately above the grid ring of
the grid 25 there is provided a glass envelope 3t
of somewhat smaller dimensions which is secured
ot its lower rim to the grid ring, and at its upper
rim to a washer-like structure secured to the
anode 26. The metal shell 28 of the vacuum tube
serves as & closure for the open end of an outer
cavity member 32. The outer cavity member 32 in
effect forms part of the walls of two chambers or
resonant cavities. 'The one cavity 33 comprises
that volume between the base shell 28 and an in-
termediate structure 34. The other cavity 35 com-~
prises that volume between the upper portion of
the cavity shell 32 and the intermediate structure
34. The intermediate structure 34 comprises an
annular member arranged to contact the inner

~ surface of the cylindrical outer shell member 32,

“and depending from this ring-like portion of the

“member 34 is a skirt or cylindrical section of such

- dimensions as to make contact with the grid flange

or ring extending outwardly from the grid struc-

. ture 25. The intermediate member 34 is prefer~ .

ably adjustable axially so that the circuit con-
 ‘stants of the apparatus may be adjusted thereby
“to determine the frequency of operation. - This
structure acts as a radio-frequency. amplifier. of
variable gain, -

Suitable conductors interconnect the cathode

particular construction, is but one of a:

21 of tube 10.

10

4,
heater with the exterior of the vacuum tube 23
which generally is provided with suitable contact
prongs (not shown). The cathode 24 is connected
to an adjustable resistor 38, one end of ‘which is
connected to ground, The grid structure 25 hasa
D. C. ground return ‘which includes the member
34, the cavity structure 27, the ouber conductor
38 of line 40, and the grounded resonant cavity
The juncture of the resistor 38

with the conductor connected to the cathode 28

_ may be coupled through a capacitor 37 to a con-
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trol or modulating voltage where 1t is desired to

vary the frequency of the resonant cavity {9 at

regular intervals or periodicaily, If slow ire~
quency variations are desired the coupling ca-

pacitor may, of course, be omitted. )
- The lower cavity 33 is coupled to the resonant

cavity 19 by means of a coaxial transmission line

comprising an outer conductor 38 and an inner

conductor 39. ‘The end of the coaxial conductor

39 adjacent the resonant cavity {9 is provided with

a loop 4! which preferably is arranged to be at -
a point of maximum magnetic field intensity in

the cavity {9, and is so orientated as to have the

desired degree of pick-up. Generally this desired

degree of pick-up is such that the maximum effect

is obtained. At the other end of the coaxial line

the inner conductor 39 is capacitively coupled to -
the cavity 33 by a capacity hat 42 having jits sur-
face arranged adjacent the skirt portion of the
intermediate member 34. At an intermediate
point on the coaxial line 40 which comprises the
outer conductor 38 and the inner conductor 39

another coaxial line section 43 is joined therefo.

This intermediate point may be referred to as

the reinjection coupling point. The coaxial line

43 comprises an outer conductor &4 and an inner

conductor 45 which is connected to the anode 25

of the vacuum tube 28 and which extends to the

source of anode voltage. In order to isolate the

ultra-high frequency from the source of anode

voltage, the inner conductor 45 is connected to a

radio frequency filter or choke 46 which is sup-

ported by an insulating sleeve 47 within the outer
conductor 44. The radio frequency filter 48,

which is preferably a quarter-wavelength long,

is positioned closely adjacent to the point where

the coaxial line 43 makes connection with a suit-

able aperture adjacent the top of the outer shell

structure 32, :

The other end of the inner conductor 4% is pro-
vided with a capacity hat 48 positioned adjacent
to the inner conductor 39 of the coaxial line 40.
The junction of the coaxial line section 43 and

.the coaxial line 40, i. e. the reinjection coupling

point, is preferably so positioned that the. dis-
tance therefrom to the loop 41, which distance
has been indicated as the dimension A in the
drawing, is.such that the reinjection coupling
point is at or near a maximum voltage point on
the line 40 with respect to the frequency involved.
The distance from the reinjection point to the
grid 25 of the vacuum tube 23, indicated by the
dimension' B, is such as to-provide a maximum
voltage point on the grid, or such as to properly
The
length of the coaxial line 43, generally indicated
by the dimension C, which extends from tie re-

“-injection point at the capacity hat 48 to the

effective working surface of the anode 2§, is such
as to provide a -maximum voltage point at the
reinjection coupling point at or near the operat-
ing frequency. The length C furthermore issuch
as to prevent undue regeneration and undesired
oscillation. : - :
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Referring now to the modus operandi of the-
System, it may be stated that the- invention is-

based on-the discovery that a resonant cavity may

be tuned by coupling to said cavity g line which-
is resonant at a frequency differing- somewhat"

from the natural resonant frequency of the cavity
and by terminating said resonant line-in-a vari-

ableimpedance. The effective resonant frequency-

of the cavity then-becomes a function of the mag-
nitude of ‘the said terminating impedance. In

the drawing the resonant line consists of that

portionof the line 40 which extends from- the
coupling loop 41 to the reinjection couplihg point.
The length of this line, indicated in the drawing
by the dimension A, should be of the order of an
odd quarter-wavelength at a frequency differing
somewhat, say by plus-or-minus 2 to 5%, from

the  natural resonant frequency -of ‘the cavity

alone.. The frequency. to which the line section
A is resonant will be referred to hereinafter as
the “side-frequency.”

According to the present invention, the fre-
quency of the oscillations generated by the tube
18 may be varied by terminating the resonant
Iength of line A in an impedance the magnitude
of which may be varied at will to effect the de-
sired frequency changes.
ance may, if desired, be any conventional variable
resistor suitable for use at ultra~high frequencies,
but preferably such variable impedance comprises
an electronically simulated impedance. To this
end the structure to the right of the reinjection
coupling point comprises means for electronically
simulating s desired impedance across the end
of the resonant. line section  A. Employing the
dimensions hereinafter recited, such simulated
impedance is largely resistive, its magnitude
largely dependent upon the gain of the amplifier
tube 22,
negative' resistances may be simulated. It is,
hewever, not-outside the scope of the present: in-
vention to employ- other line dimensions whose
effect -will be to simulate reactive impedances,
but’ such is not, at present; considered to be the
preferred embodiment of the invention.

As- was indicated- above, the line section A is
preferably an odd quarter of a wavelength long
at the side-frequency. The line section B; ex-
tending from the reinjection point to the capacity
hat 42, Is preferably an even quarter-wavelength
long at the side-frequency. The line section C,
which extends from the reinjection point to the
ancde supply point 49, has a length, preferably,
of an odd quarter-wavelength at the side fre-
quency. The distance D (not shown in the draw-
ing), which may be taken ags the electrical dis-
tance from the capacity hat 42, through the grid
electrode 25, and to the working surface of the
anode 28, is preferably an even number of quarter-
wavelengths, but at least four, at the side-fre-
quency. This electrical length includes the usual
phage reversal taking place between the grid and
plate of the tube. This amounts, of course, to two
quarter-wavelengths. The distance E, which ex-
tends from the anode working surface to the
anode supply point 49, is preferably an odd
quarter-wavelength. The dimensions C and E
are not individually critical, but preferably the
dimension C plus the dimension B is an even
number of quarter-wavelengths at the side
frequency.

If it is desired to vary the frequency of the
resonant cavity 18 by manual means, the contact
on the adjustable resistor 26 is manipulated. If,
on the other hand, it is desired to periodically

The variable’ imped~

With such a system-both positive and -
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6
contrel or to modulate the frequeticy of the energy
in the cavity 19, a suitable source of modulating"
voltage-is connected to the coupling capacitor 8T.
For example, it may be assumed that the coupling

- capacitor 37 is- connected to 4 sine wave; square-

wave, or other recurrent pattern: voltage  gen=
erator which thereby will produce a periodically
varying gain of the amplifying tube- 2% which-
thereby produces o proportional change in the-
resonant. frequency of the cavity I§." Ther total’
frequency shift of the resonant cavity 19 will be:
proportional to the peak voltage applied thirough:
capacitor 371 to the amplifying device 27.. The
frequency deviation thus produced may be rela-
tively great, for example of the order of several
percent of tlie entire frequency. ’

While for the purpose of illust¥ating .and de-.
scribing the present invention certain. specific.
apparatus has been.disclosed, it is to be under-
stood that I do not wish to be limited. thereto.
since obviously other equivalents might.be utilized
and various alterations in the circuit.arrangement
and in the instrumentalities employed might. be-
made as may be commensurate with:the scope. of.
the invention defined in-the appended: claims.

Iclaim:.

L. In an. ultra-high. frequency circuit;. .the:
combination comprising an ultra-high  freguency
oscillating circuit the frequency . of. which:1is ‘to
be. varied;. an: ultra-high. frequency: amplifier in-:
cluding a vacuum- tube ‘having a plurality - of:
cavities,. a coaxial: line interconnecting -one -of:
said cavities: with. said. oscillating - circuit;. and:
a coaxial-line interconnecting the other of.said:
cavities-.with. said- first coaxial- line: so. as to:
provide o reinjection coupling  point:at-a veltage
point on said first coaxialline. .

2.-In an ultra-high frequency cireuit, the-com-~.
bination. comprising  an: oscillating. circuit the:
frequency of which is to-be varied,. an ultra-high.
frequency amplifier including a . vaeuum: tube:
having a grid-to-cathode cavity and. a: gridsto=:
anode cavity, a. coaxial-line ‘interconnecting. said
oscillating.. circuit. with said grid-to-cathede:
cavity, and a second coaxial-line-interconnecting:
said. grid-to~anode . cavity with- an:.intermediate
point. on- said first coaxial line to provide a rein-:
Jjection- coupling point having s maximum- volt-
age at. or near . the operating -frequency...

3. In an ultra-high frequency circuit, the com-
bination comprising an oscillating eircuit the
frequency of which is to be varied, an ultra-high
frequency amplifier including a vacuum tube
having a grid-to-cathode cavity and a grid-to-
anode cavity, a coaxial line interconnecting said
grid-to-cathode cavity with saig oscillating cir-
cuit, and a second coaxial line interconnecting
said grid-to-anode cavity with an intermediate
point on said first coaxial line so as to provide
a voltage point on the grid of the amplifying
vacuum tube.

4. In an ultra-high frequency circuit, the com-
bination comprising a resonant cavity the fre-
quency of which is to be varied, an ultra-high
frequency amplifier including a vacuum tube
having a plurality of cavities, a coaxial line in-
terconnecting one of said cavities with said first
mentioned resonant cavity, and a coaxial line
interconnecting the other of said latter cavities
with an intermediate point on said first coaxial
line, said latter coaxial line being capacitively
coupled to said first coaxial line, said latter co-
axial line being of such length as to minimize
the possibility of regeneration and oscillation.

5. In an ultra-high frequency circuit, the com-
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bination of a resonant cavity the frequency of
which is to be varied, an ultra-high frequency
amplifier including a plurality of cavities, a co-

axial line interconnecting one of said. cavities

with said first mentioned cavity, said coaxial

‘line being inductively coupled to said first men-.

tioned cavity and capacitively coupled.to said
other cavity, and a second coaxial line intercon-
necting the other of said amplifier cavities with
an intermediate point on said first mentioned
coaxial line so as. to provide a reinjection
coupling point at a voltage point on said first
coaxial line. -

6. The combination -comprising an oscillating
circuit having a resonant cavity the frequency
of which is to be varied, an ultra-high frequency
amplifier including a vacuum tube and a grid-
to-cathode cavity and a grid-to-anode cavity, a
coaxial line connected by a loop to said oscil-
lating circuit resonant cavity, capacitive cou-
pling means connecting  said coaxial line with
said grid-to-cathode cavity, a second coaxial
line connected between the anode of said vacuum
tube and an intermediate point on said first co-
axial line, said latter coaxial line having an in-
ner conductor capacitively coupled to the inner
conductor of said first coaxial line, and means
for controlling the amplification of said ampli~
fying vacuum tube.

7. In an ultra-high frequency circuif, the com-
bination comprising an ultra-high frequency
resonant cavity the frequency of which is to be
varied, an energy pick-up means positioned with-
in said cavity, an ultra-high frequency amplifier
circuit, a coaxial transmission line interconnect-
ing said pick-up means with said amplifier cir-
cuit, a second coaxial transmission line intercon-
necting said amplifier eircuit with an intermedi-
ate point on said first coaxial line to re-inject
amplified ultra-high frequency energy into said
first line, and means for varying the gain of said
amplifier circuit- thereby to vary the operating
frequency of said resonant cavity.

8. An ultra-high frequency apparatus adapted
to control the operation of another circuit, com~
prising an amplifier tube having a resonant
cavity. structure, an adjustable common partition
provided within-said cavity structure to form two
cavities, one cavity being arranged as a grid-to-
cathode cavity and the other cavity being ar-

8 . .
ranged as a grid-to-anode cavity, a transmission
line capacitively coupled to said grid-to-cathode
cavity, said transmission line being adapted to
be connected to the circuit to be controlled, a

. second transmission line interconnecting said

" grid-to-anode cavity with a point on said first

10-

15

20

25,

20. .
“with said modulating voltage. :

40

45

transmission line so as to re-inject -amplified
ultra-high frequency energy into said first line,
and means for controlling the gain of said am-
plifier thereby to control the operating frequency
of said controlled circuit. ;
9. In an ulfra-high frequency circuit, the com
bination comprising a cavity type oscillating ¢ir-
cuit the frequency of which is to be controlled;
an ultra-high frequency amplifier including a
vacuum tube having a grid-to-cathode cavity and
a, grid-to-anode cavity, a coaxial line intercon-
necting said grid-to-cathode cavity with said
cavity type oscillating circuit, said coaxial line
being inductively coupled thereto and being ca-

" pacitively coupled to said grid-to-cathode cavity,

a second coaxial line interconnecting said. grid
to anode cavity with an intermediate point on .
said first coaxial line so as to re-inject amplified
ultra-high frequency -energy-therein, means-for
varying the gain of.said amplifier thereby to
control the operating frequency of said oscillat-
ing circuit, and means for applying a modulating
voltage to said amplifying tube to vary the fre-
quency of said oscillating eircuit in accordance
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