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UNITED STATES ‘

CAVITY RESONATOR CIRCUIT

Philip S. Carter, Port Jefferson, N, Y., assignor ‘to
Radio Corporatmn of America, a corpora,tion of

Delaware

2,444,152

PATENT_ OFFICE

Appllcatlon July 15, 1944, Seua.! No. 545, 098
(CL 178——44)

9 Claims.
1 ;

This application is a continuation in part of my
copending application  Serial No. 373,072, filed
January 4, 1941, now United States Patent
2,357,314, granted September 5, 1944.

This invention relates to coupling circuits for
passing a band of frequencies, and particularly to
such circuits employing cavity resonators. The
term “cavity resonsdtor” is intended to include
any high frequency electrical resonator compris-
ing a closed electrically conducting surface en-
closing a hollow space, and wherein the enclosure
contains a periodically repeating electromagnetic
field. The term “coupling circuit” used herein is
intended to include any circuit which selectively
passes a band of frequencies, such as, for example,
an electrical wave filter, or a selective circuit,
which might be used hetween stages of a receiver
or transmitter, '

In the communication field, it is often desirable
to employ a four-terminal band pass coupling cir-
cuit which has two or more natural frequencies of
oscillation differing by a small predetermined
percentage of the mid frequency. Such four-
terminal circuits may take the form of two or
more coupled tuned circuits, one being connected
to the input terminals and another to the.output
terminals, or may take the form of any suitable
impedance network. - It is known that such eir-
cuits may be made to obtain a band pass char-
acteristic when loaded with a resistance. ‘This
resistance, which may constitute the useful load
per se, serves to smooth out the multi-peak reso-
nance of the four-terminal coupling ecircuit. . It
has been found, however, that 'when using ultra
high frequencies it is impractical to construct
such circuits of coils and condensers. ‘

In my copending application Serial No. 359,187,
filed October 1, 1940, now United States Patent
2,357,313, granted September 5, 1944, there are
described several types of band pass cavity reso-
nators: wherein use is made only of modes of os-
cillation in which the electric field is entirely in
one direction. When the electric field is entirely
in one direction, let us say vertical (by way of
example) then the natural frequencies of oscilla-
tion will be-determined entirely by the dimensions
of the base, and there will exist only one funda-
mental natural frequency. In order to obtain
two natural frequencies lying close :together, in
aecordance with the teachings of my U, S. Patent
2,357,313 supra, use is made of higher modes of
-oseillation than fundamental..

However, the present invention employs cavity
resonators which are excited in a predetermined
manner to cause the existence in the resonator si-
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multaneously of two or three types of waves.
These types of waves which are produced and em-
ployed; in accordance with the teachings of the
invention, in order to provide & band pass char-
acteristic, are only the fundamental modes- of
oscillation, thus differing from the ‘modes’ of os-
cillation employed in' my U, S. Patent 2,357,313,
which are of a higher order' than the funda-
mental. One advantage-of the present invention
over that disclosed in my U.'S, Patent 2,357,313
is' that -the use of the fundamental modes of os-
c11}at10n to provide a -band pass characteristic en-
ables me to use cavity: resonators of reduced size
in at leéast two dimensions.

One of the -cbjects of the present mvention is
16 ‘provide a’ cavity resonater coupling- circuit so
excited that there is-caused to exist two or three
fundamental: fredilencies of oseillation differing
by a predetermined percentage -of the mid fre-
quency and which possesses a-desired band pass
characteristic;  Where - the cavity- resonator of
the invention has ‘three fundamental frequencies
of oscillation, it is contemplated that one'of the
fundamental - frequencies of ‘oscillation corre-
spond-‘tothe mid frequency of the band pass.

The-following is ‘a description of the mventlon
accompanied-by drawings wherein:

PFigs. 1, 2, 3 and 4 represent different cavity
resonators constructed in accordance with the
prmciples of the present invention; : ‘

Figs. la, 1b and 1c are respectively plan, s1de"
and end-elevations of Fig. 1;

Fig. 5 is a curve given to ald in-an understand-
ing of the principles involved. in: connectlon Wlth
the resonator of Fig. 4;

Fig. 5a illustrates the electric field configura-
tion for a mode of oscxllatmn present m the struc-
ture of Fig. 4;

Figs. 6, Gb and 6c¢ 111ustrate ‘plan, side and
end elevations, respectively, of an oblate spherold
cavity resonator embodiment of the present in-
vention utilizing dipoles for feedmg and extract-
ing energy;

Pigs.7a, b and 70 111ustrate plan, suie and end
-elevations, : respectively, . of a. prolate spheroid
cavity resonator embodiment of the present -in--
vention utilizing dipoles for feeding and extract-
ing energy; -

~Tigs. 8a, 8b and :8c 1llustrate plan s1de and
end. elevations, respectively, of a hollow ellipsoid
cavity resenator embodiment of the present .in-
vention utilizing dipoles for feedmg and extract-
ing energy;

Figs. 9a, 9b and 9c illustrate plan side and end
views of an oblate spheroid resonator utilizing
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‘a combination of a loop-and a dipole for feeding
and extracting energy;

Figs. 10a, 10b-and 10¢ illustrate plan, side and
end views of a prolate spheroid resonator. utiliz-
ing a combination ¢f a loop. and g dipole for
feeding and extracting energy; and

Figs. 11a, 11b and llc illustrate plan, side and
end views of a hollow ellipsoid resonator utilizing
loops for-both feeding and extracting energy.

Fig. 1 illustrates a cavity resonator in accord-
ance with the invention which, from a theoretical
standpoint, is the simplest embodiment showing
how to make use of three types of waves and their
fundamental modes of oscillation. This figure
represents a rectangular prism whose sides are
indicated by the dimensions @, b, ¢ of different
predetermined lengths, lying along the directions
z, Y, 2, respectively.” At one corner of the prism
there is shown an input transmission line TL ter-
minating in g dipole m in the interior of the prism.
The- axis of this dipele m. is arranged to make
equal angles of 54.7° with the three directions z, ¥,
z in order to obtain equal excitation of all three
types of waves. Transmission line TL; of course,
is coupled to a suitable source of high frequency
oscillations (not shown). At the diagonally. op-
posite corner of the prism, Fig. 1 and in jts in-
terior is a second dipole n coupled to-a transmis-
sion line TL’ forming the output cireuit.” The

. .aXis of dipole n is parallel to the axis of dipole m
and hence also makes equal angles of 54.7° with
the directions z, ¥ and 2. The cavity resonator of
Pig. 1is.thus excited to have three natural funda-
mental frequencies of oscillation. -All:three modes
of oscillation tend to be excited in equal ampli-
tudes from the feeding dipole m, which makes
equal angles with the directions of the three co-
ordinate axes. By properly loading the output di-
pole n, the band pass characteristic is obtained.
For-such a resonator let Az, Ay and A2 indicate-the
natural wavelengths corresponding to the three
fundamental modes of oscillation, the sub letters
indicating the direction of the electric field in the
standing wave. ‘When the electrie field is entire-
ly vertical and in the z direction, the natural
wavelength is determined- entirely by the dimen-
sions @, b of the base, and is given by the rela-
tion )

2ab -

a?-+b?

When' the electric field is entirely horlzontal and

in the y direction; the natural frequency is deter-
mmed entirely by the dimensions a and ¢, and is
given by the relation

2ac

)
When the electric field is horizontal and in the
direction, the natural frequency is determined by
the dunensmns ¢ and b and given by the relation

2be

VE+a
From the relations given above in connection
with Az, Ay, A2, we thus are able to obtain any
three natural frequencies desired by suitably
choosing the lengths of the sides.

If the dimensions @; b and ¢ of Fig.'1 were all
made to be equal, the resulting structure would
be'a cube, and the three natural modes of oscil-
lation 'would coincide in frequency. The “elec-
tromagnetic field within the resonator of the cube
when ‘fed in the manner shown in Fig. 1 would
then be the equivalent of a superpositioning of
the three types of waves above mentioned and the
electric-field of the resultant oscillation would be

A2 = o

Ap ==
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4

in the direction of the diagonal from one corner
to the opposite corner of the cube; that is, the

diagonal which is parallel to the axis of the di-

poles m and 7.

Although the dipoles m and 7 have been shown
in Fig. 1 as being so arranged that they make
equal angles - of 54.7° with the three dimensions
z, y-and g, it should be understood that the axis
of these dipoles ‘may make different angles with
respect to the directions z, y and z, with a re-
sulting difference in the degree of excitation of
the three modes of oscillation. It might be de-
sirable, under some conditions, to tend to under-

excite the mid frequency of the three funda-

mental frequencies, which mid frequency might
correspond to the wave having its electric field
in the 2 direction. This can be done by decreas-
ing the angle of the dipole axis with respect to
the 2 direction.

Where it is desired to obtain a band pass char-
acteristic produced by the use of a eircuit having
two natural fundamental frequencies rather than
three, a structure such as shown in Pig. 2 can be |
employed. Fig. 2 shows a rectangular prism hav-~
ing an input transmission line TL. entering the
middle. of the left hand side L and terminating
in @ dipole m. . The axis of the dipole 7 is parallel
to the z—y plane and is arranged to make equal
angles of 45° with the directions 2 and y. The
output dipcle . is parallel to dipole m and. is lo-
cated in the interior of the resonator in a -similar
manner at the right hand side R-of the resonator.
The output-transmission line TL" enters the right
hand side R at- its middle.- The input dipole m
which is-excited by high frequency - oscillations
from a source (not shown) coupled to the trans-
mission line TL, tends to excite oscillations" of
equal amplitude in the resonator wherein the
electric field is either vertical in direction- z or
horizontal in. the direction . ‘The feeding ar-
rangement, however, cannot. excite oscillations
having an electric field in the direction z becatse
the axis of the dipole m is perpendicular or at
right angles to the direction z. In the circuit of
Fig. 2, use is made of the fundamental modes of
oscillation- which correspond to the oscillations
excited in the resonator by the feeding dipole 1.
By choosing “the proper dimensions, these two
fundamental modes of oscillations will have. fre=
quencies which differ from each other by a pre-
determined amount. Generally, it is preférred
that these two frequencies be separated by an
amount ‘approximately two-thirds the width of
the frequency band. In a manner disciissed in
more detail in my copending application. supra,
when the electric field is vertical in the z direc-
tion, in Fig. 2, the natural wavelength is given by

2gb .
a2+
When the electric field is horizontal in the
direction of y, the natural wavelength is given by

‘ A==

2ac
\/a2+cz
So long as the above two mathematical relatlons
are satisfied, it does not matter whether the
sides ¢ and b are equal or unequal.

PFig. 3 shows another embodiment of the in-
vention in the form of a hollow tank whose shape
is an elliptic cylinder. ‘This resonator is excited
by a transmission line TL and dipole m in a
manner corresponding to that of Fig. 1 for the
hollow prism, and the output is obtained by dipole
7 and transmission line TL’ also in a manner
similar to that of Fig, 1. Dipoles m and 7 are

Ay=
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parallél'toeach other and make equal angles with
the «irections x, 'y and 2. - The resonator of Fig.
3 ‘has three’ natural fundamental frequencies
whose -oscillations -can be said, in a way, to cor-
respond to-the oscillations present in- the reso-
nator of Fig. 1,-except for the more complex elec-
tric field distribution. The fundamental modes of
oscilldtions of the resonator .of Fig. 3 are deter-
mined by the dimensions of the major:and minor
axesof the ellipse:and also by the height.  When
the electric field is vertical in the direction 2, the
nstural fundamental wavelength is .determined
by the .dimensions of the major and minor axes
of the ellipse. . When the electric field is ‘horizon-
tal, and principally in-either the directions of the
y or the r axis, the fundamental modes of -oscilla-
tion :are :determined by all-three dimensions
through .a very .complex relationship. It is not
believed. o be necessary to enter-into a detailed
discussion of ithis relationship here. In this last
case,the dimensions can be determined experi-
mentally, that .is, by trial and .error, or by em-
ploying tables of Mathieu functions. Such tables
of the Mathieu function of the radial type which
may. be used in determining the exact dimensions
of . the elliptic eylinder have been worked out by
the  Physics Department of the -Massachusetts
Institute .of Technology, Cambridge, Mass

- Fig, -4 shows .another embodiment of the pres-
ent  invention giving fwo natural fundamental
frequencies :of oscillations and  which consist
egsentially of .a hollow circular cylinder tank in
which .the axis .of the exciting -dipole m is tilted
at .an;angle of 45° to the horizontal. - When the
electric fleld is entirely.vertical, the fundamental
wavelength -of such .a tank is obtained from the

expression
2ra S
7(%%)=o0

where Jo is the zero order .of the Bessel function
and g is the radius of the tank. This relation
results in a diameter of approximately 0.766 wave-

length. " When the electric field is horizontal, the

natural fundamental frequency is determined by
both the radius @ and the height h of the cylin-
drical tank, and there are a series of values of a
and h which result in the same natural funda-
mental frequency of oscillation. ‘The ratios of &
and b to the natural frequency are shown in the
curve of Fig. 5 hy means .of which it is possible
to so choose the height and diameter as to obtain
any two fundamental frequencies  for the two
types .of waves in the cylinder. As an example,
let «us assume that it is desired to have the two
natural fundamental frequencies of the cylinder
correspond to the wavelengths .of 100 and 110
centimeters. If we choose the 100 centimeter
wave to’be the one whose electric field is entirely
vertical, we then find for the radius of the cyl-
inder a value of approximately 38.3 centimeters,
as Obtained from the foregoing expression

JO-(Q_"E) =0

Theratio-of ‘this radius-to the second wavelength
of 110 centlmeters then becomes :

?ﬁg =0.35 (approximately)

From*the curve of Fig. 5, we then find that the
value of the ratio of the height & to the second
natural - wavelength must be approximately 0.9.
The- height in centimeters ~then ' becomes
0.9x110, -or:99-centimeters. - If the ratio of height,
to ‘raftius’is made approximately equal to 2.02,
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the two natural fundamental frequencies.of oscil~
lation coincide, a condition which roughly.corre=
sponds:to that wherein the rectangular prism of
Fig. 2 is made t0-be a perfect cube. .

The term “fundamental” used in .connection
with Fig. 4 and Fig. 5:in regard to the condition
when the electric field is horizontal, designates
that ‘mode of oscillation corresponding to-the
lowest frequency-or longest wavelength regardless:
of the mathematical viewpoint. For purposes of
exposition, Pig. 5a shows the -electric field con-
figuration for the mode just referred ‘to. "The
radial and angular components E: and E,-are
given, respectively, by the formulas -

Ji(1.84 /a) .
1.84 r/a sin Th cos ¢
where J1 is the first order Bessel function, r equals

the radial distance, 2 equals the vertical distance,
and ¢ thehorizontal angle;

b=

=J;'(1.84r/a) sin 7r sin ¢
where J1’ is the denvatwe of the first order Bessel
function with respect to its argument.

There is also a zero order mode, where ‘the
electric force is entirely along concentric .circles,
but while of lower order mathematically, the
natural wavelength is shorter for a given radlus‘
and height of tank than for the mode under con-
sideration. TFor the purpose of the present in-
vention, I am interested here in the longest
natural wavelengths or lowest natural frequenmes
of oscillation.

Figs. 6a, 60 and 6¢ indicate respectively plan,
side elevation and end views of another embodi-
ment of the  invention comprising an .gblate
spheroid. .Such structure approximates generally
the form of a compressed sphere. Figs. 7a, b
and 7e are plan, side and end elevations, respec-
tively, of a further embodiment in the form of a
prolate spheroid, corresponding generally, so to
speak, to a football or a stretched sphere.  In
the embodiments of the oblate and prolate sphe-

b roids, the input and output circuits constituting

the dipoles m, and n, respectively, are shown ar-
ranged at an angle of 45° to the major and minor
axes of the elliptic cross-section. The embodi-
ments.of Figs. 6 and 7 constitute resonators which
have only two fundamental frequencies, The
best dimensions of the oblate and prolate sphe-
roid can be determined experimentally.

A further embodiment of the invention is shown
in Figs. 8a, 8b and 8c which respectively show
plan, side elevation and end elevation views.of 4
hollow ellipsoid having three elliptic cross-sec-
tions. Generally speaking, such a resonator
structure resembles a compressed football Be-
cause there are three principal axes in the struc-
ture of Figs. 8a, 80 and 8¢ which have .different
dimensions, there is a band pass characteristic
composed of three fundamental modes of oscil-
Iation, if properly excited in accordance with the
principles of the present invention. It is proposed
to excite the hollow ellipsoid by arranging the
input dipole m and the output dipole n in such
manner that they are parallel and make equal
angles of 54.7°'to the directions of the three prin-
cipal axes of the three elliptic cross-sections.
The phenomenon is quite similar to that for
the rectangular prism arranged for Fig. 1.

. Although the input and output circuits of all
the embodimeénts have been shown as employ-
ing dipoles, it should be understood that the in-
vention is not limited to such specific arrange-
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ments but that other forms of input and output
circuits can be employed.. For example, if:de-
sired, ordinary U-shaped loops can.be employed
for the input and output circuits. Due consid-
eration must be given to the types of waves which
can be excited by a particular loop.  For the pur-
pose of the present invention, let us define the
direction of the axis of a loop, or U-shaped cir-
cuit, as a line perpendicular to the plane in which
the U-shaped circuit lies.. With this definition,
a U-shaped loop can only excite electromagnetic
waves having a component of magnetic field cor-
responding to the direction of the axis. Taking
Fig. 1 as an illustration, if loops were substi-
tuted for the dipoles m and 7 such that the end
conductors or short circuiting members coincide
with the positions of the dipoles as shown in this
figure, and the legs of the loops coincide with
the wires of the transmission lines which connect

with the dipoles, then the input loop would tend:

to excite in the resonator all three types of waves
at the three fundamental modes of oscillation,
provided, of course, that the direction of the loop
axis makes equal gngles with the three direc-~
tions z, y, 2 of the prism:. In Fig. 2, however, if
loops are -submitted for the dipoles in the same
manner as described above in connection with
Fig. 1, it is possible to excite three types of waves
corresponding to the three fundamental modes of
oscillation, because of the fact that in this: case
the only restriction on the wave is that its mag-
netic field must lie in a plane parallel to the y—=z
plane, I should be noted that the substitution
of the loops for the dipoles of Fig. 2 provides three
fundamental modes of oscillation, whereas with
the use of dipoles only two fundamental modes of
oscillation are obtained. . This statement holds
true provided the dimensions a and b of Fig. 2
are different from each other. However, if di-
‘mensions a¢ and b are egual to each other, then
the substitution of loops for dipoles in Fig. 2 could
only produce two natural  fundamental fre-
quencies of oscillation.

If loops are substituted for dipoles in the hol-
low elliptic cylinder resonator of Fig. 3, there
will be obtained three natural fundamental fre-
quencies. If loops are substituted for the dipoles
of the hollow circular cylindrical tank of Fig. 4,
there will result only two natural fundamental
frequencies of oscillation,; due to the fact that
there are only two mnatural fundamental fre-
quencies of oscillation in a resonator of such a
configuration, Since there are only two natural
fundamental frequencies. of - oscillation ‘in the
oblate and prolate sphercids of Figs. 6a—6c and
Ta—"Te, the substitution of loops for dipoles in

10

16

20

28

30

35

40

40

60

56

these two figures will, of course, result in only -

two fundamental modes of oscillation, As for
the hollow ellipsoid of Fig. 8, the same.- consid~
erations mentioned above in connection with Fig.
1 apply to the hollow ellipsoid when'loops are
substituted for the dipole:

If desired, the input and cuiput c1rcu1ts can
consist of concentric lines with the inner conduc-
tor entering the interior of the resonator in the
manner of & probe for exciting and for driving
energy from the resonator.

Figs. 9¢, 9b and 9¢ show the oblate spheroid
provided with loops for the input and output cir-
cuits. - The input loop is a half loop and labeled
m’ and constitutes an extension of a coaxial line
feeder TL'’. The output loop islabeled n’ and is
a full loop. The plané of both loops is inclined
at an angle of approximately 45° to the two prin-
cipal axes of the elliptical cross-section.
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In the prolate spheroid of Figs. 10a, 10b and
10c, the input circuit is shown using a dipole m
while the output circuit uses a loop n’.  Both the
axis-of the dipole and the plane of the loop are
inclined at an-angle of about 45° to the two prin-
cipal axes of the elliptical cross-section.

The ellipsoid of Figs. 11a, 11b.and 1lc.employs
loops m’ and n’ for the input and output circuits.
Here the plane of the loop.should make approxi--
maftely equal angles with two of the three princi-
pal-axes of the ellipsoid for a filter circuit using
double resonance phenomenon. If it should be.
desired to use the three resohances, the plane of
these loops should be inclined so as to make equal
angles with all three of the prmclpal axes of the
ellipsoid.

The circuits of Figs. 6 to 11, mclusive, are pri-
marily useful as band pass circuits in accordance
with the principles of the present invention.

The -resonators of the present invention find
particular application in the. ultra short wave
field ‘and may be used wherever a filter can be
used and for substantially the same purpose, such
as between stages of a receiver and a transmitter.
When used as a band:pass coupling circuit, it is
preferred that the fundamental frequencies of
oscillation caused to exist by exciting the res-
onator-in the manner described above be reason=
ably close to one another in order to obtain a
smooth band pass characteristic.  The resonator
of the present invention may also be used as an
input circuit of a frequency-mixer or detector,
wherein a pair of relatively close frequencies can
be mixed in the resonator and the beat frequency
delivered from an electronic tube. This last ap-
plication is primarily for use in a superheterodyne

-receiver, wherein. it is desired fo obtain an inter-

mediate frequency from a detector.

What is claimed is:

1. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting ellips-~
oid -having different principal dimensions, and
mesans for ‘exciting said resonator including an
exciting element in the interior of said resonator
and positioned in-a plane which forms an appre-
ciable angle with the major and minor- axes of
an elliptic cross-section of said ellipsoid so as to
produce oscillations of at Ieast two fundamental'
modes simultaneously.

2. A high frequency cavity resonator compris-
ing 2 hollow closed electrically conducting oblate
sphieroid having only two different principal di-
mensions, and-means for exciting said resonator
including an exciting element-in the interior of
said resonator and positioned in a plane which
formsan appreciable angle with the major and
minor axes of an.elliptic cross-section of said
spheroid so as to produce oscillations in said res-

-onator-of at least two fundamental modes simul-

taneously. o

3. ‘A high frequency cavity resonator compris-
ing a hollow closed electrically conducting prolate
spheroid having- only two different principal di-
mensions, and means for exciting said resonator
including an exciting element in the interior of
said resonator and positioned in a plane which
forms an appreciable angle with the major and

‘minor axes of an elliptic cross-section of said

spheroid so-as to produce oscillations in said res-
onator of at least two fundamental modes simul-
taneously.

4. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting sphe-
roid having only two different principal dimen-
sions, and means for exeiting said resonator in-
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cluding an exciting element in the interior of said
resonator and positioned in a plane which forms
an appreciable angle with the major and minor
axes of an elliptic cross-section of said spheroid
so as to produce oscillations in said resonator of
at least two fundamental modes simultaneously.

5. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting body
having a pair of principal axes of different
lengths, said body being gn ellipse in at least one
cross-section, and means for exciting said reso-
nator including an element in the interior of said
resonator and positioned in a plane which forms
an appreciable angle with the major and minor
axes of said ellipse in such manner as to produce
oscillations of at least two fundamental modes
simultaneously.

6. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting ellips-
oid having different principal dimensions, one
cross-section of said ellipsoid being a circle, and
means for exciting said resonator including an
element in the interior of said resonator and posi-
tioned in a plane which forms an appreciable
angle with the major and minor axes of an elliptic
cross-section of said ellipsoid-so as to produce
oscillations of at least two fundamental modes
simulfaneously.

7. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting sphe-
roid, and means for exciting said resonator in-
cluding an exciting element in the interior of said
resonator and positioned in g plane which forms
an angle of approximately 45° to the major and
minor axes of the elliptic cross-section of said
spheroid, so as to produce oscillations in said
resonator of at least two fundamental modes
simultaneously.
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8. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting sphe-
roid, and a probe located in the interior of said
resonator for exciting said resonator, said probe
being in g plane which forms an angle of approx-
imately 45° to the two principa] axes of the ellip-
tic cross-section of said resonator, so as to pro-
duce oscillations in said resonator of at least two
fundamental modes simultaneously.

9. A high frequency cavity resonator compris-
ing a hollow closed electrically conducting body
having a pair of principal axes of different
lengths, said body being-an ellipse in at least one
cross-section, and means for exciting said reso-
nator including an exciting element in the inte-
rior of said resonator, said exciting element being
vositioned in a plane which forms at an appre~
ciable angle to the major and minor axes of said
eliipse in such manner as to produce oscillations
of at least two fundamental -modes simulta-

neously.
PHILIP S. CARTER.
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