
Dec. 27, 1949 A. E. BOWEN 2,492,680 
RESONATOR 

Original Filled May 4, 1943 4 Sheets-Sheet l 

2x2x2 

222222 7 Z827ZXZ 224 I -- -- 

-/O 2 
A/G. W M1 

/WVEW7OAP. 
A.A.AOWEW 

c2a. 7nazá 
A 77OARWAY 

  

    

  

  



2,492,680 Dec. 27, 1949 A. E. BOWEN 

RESONATOR 

Original Filed May 4, 1943 

  



Dec. 27, 1949 A. E. BOWEN 2,492,680 
RESONATOR 

Original Filed May 4, 1943 4. Sheets-Sheet 3 

W/AW7OA 
A.A. AOWEW 

A77OARWEY . 

  



Dec. 27, 1949 A. E. BOWEN 2,492,680 
RESONATOR 

Original Filled May 4, 1943 4. Sheets-Sheet 4 

WV&WTOR 
A. A. AOWAW 

3.44.7ive 
A77OARWEY 

  



Patented Dec. 27, 1949 - . . . . 2,492,680 

UNITED STATES PATENT OFFICE 
RESONATOR 

Arnold E. Bowen, Red Bank, N.J., assignorio 
iBellTelephones aboratories, incorporated,:New 
York, N. Y., a corporation of New York 

Original application May. 4, 1943, Serial No. - 
:48.559. Divided and this application April 13, 

Serial No. 588,199. In Canada. April 12, 
844 

Cairn. (C. 18-44) . m -- 

This invention relates to a resonator or reso- vention may be used with the devices: disclosed 
nating structure particularly designed for micro- in the parent application or in various other 
waves, as for example in the region of a 10- applications for ultra-high frequencies and 
centimeter wavelength, more or less. ;IaicroWaves. . . v - m 
... This application is a division-of-my copending 5 En the particular system, disclosed;herein and 
application Serial No. 485,579, filed May 4, 1943, in the parent application, a stream of charged 

- and assigned to the same assignee as the present particles is gorastrained to moye in a trajectory 
application. The parent application discloses comprising a series of cycloidal or trpchaidal 
and claims systems and arrangements with which hops, progressing along a predetermined axis. 
the resonator of the present application may be lo The motion is characterized by the alternate in 
employed. tervals :gf. Irelatively high forward axial Speed 

The...resonators of the invention...are adapted and relatively low for reversed axial Speed per 
for but not limited to use in high frequency culiar to cycloidal or trochoidal motion under 
electromagnetic systems for effecting energy substantially iconstant forces. The regions of 
interchanges between a stream of moving charged 5 relatively high, axial Speed, may conveniently be 
particles such as electrons, and electromagnetic designated as loops. and the intervals of Eela 
Awaves guided or enclosed by-electrical conductors. tively.iew.gr reversed axial Speed as nodes, in 
The invention will be described as a component partial analogy to the alternate loops nodes 

apart of a high;frequency electronicsdevice of the of a vibrating air column. The stream of 
type disclosed in the paireat application. 20 charged, particles is subjected to a cyclical Ver 
In devices of this type, it is common practice locity variation followed by a separation of ac 

to determine the traiectories of the charged par- celerated and decelerated selectrons to form a 
ticles either by means of an electric field alone density varied stream which may be used to ex 
or by a combination of electric and magnetic cite-oscillations in 'a resenator of Suitable form. 
field components. Devices in which the com- 25 The velocity-variation and oscillation excitation 
bined:type of trajectory control is employed are -operations are carried out at loops in the cycloidal 
commonly called magnetrons. In one known path while the stream is density. Varied by with 
class of magnetrons-an-electric field is maintained drawing some of the electrons from the stream 
by impressing a potential between parallel plane in a region; near a nodal point of the path. 
plates, while at the same time a magnetic field 30 It has already been proposed to perform upon 
is maintained parallel to the plates and hence a stream of charged particles the operations of 
perpendicular to the electric field. It is known velocity variation, velocity sorting and energy 
that electrically charged particles upon being abstraction in that order and at successive;points 
exposed to the action of mutually perpendicular along the path...of the stream. It is also known 
electric and magnetic fields and having initial 35 that velocity sorting may be effected by Variably 
velocities confined to the direction perpendicular curving or deflecting the stream. The arrange 
to both the electric and magnetic field intensity ments disclosed have an advantage not found in 
vectors, move in cycloidal and trochoidal paths. prior devices, namely, that the path of the stream 
In magnetrons with cycloidal or trochoidal elec- is kept away from the vicinity of the deflecting 
tron trajectories, use has been made, as far as I-40 or controlling electrodes except that those points 
an aware, only of that part of the energy resid- where the operations of velocity variation, re 
sing in the transverse component of the electron moval of unwanted particles and abstraction of 
velocity. In other words, the energy utilized has energy are to be effected. As a result, energy 
been taken from the electron during the part losses and noise currents caused by charged par 
of its motion, perpendicular to the planes be- 45 ticles striking the deflecting. or controlling selec 
tween which it noves. trodes are largely avoided. 

It is a 'feature of the type of device disclosed In the drawing, Fig. 1 is a somewhat dia 
in the parent application that energy is ab- grammatical cross-sectional view of a typical 
Stracted from the electron When it is traveling mechanism for-controlling. the trajectories of a 
parallel to the planes between which it moves. 50 succession of ischarged, particles:, in accordalace 
A device of this type may be embodied in an with the disclosure in the parent application; 
Foscillator, an amplifier, a repeater, and the like, Figs. 2, 3 and 4 are diagrams showing a variety 
particularly for high frequency and microwave of proportionings, the essential parts of the tra 
applications, wherever generation, repetition, jectory control mechanism, including resonators 
icontrol or amplification of electromagnetic waves 55 in accordance with the present invention; 
is an object. The resonator of the present in- Fig. 3 is a perspective view, partly broken away 
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showing an oscillator employing a resonator in 
accordance with the invention 

Fig. 5-A is a plan view of the device of Fig. 5; 
Figs. 6 to 11, inclusive, are perspective Views of 

various forms of resonators in accordance with 
the invention. - 
The principles underlying the invention dis 

closed in the parent application are conveniently 
explained with reference to Fig. 1 wherein are 
represented diagrammatically two parallel plane 
plates i and 2 separated a -distance a and main 
tained at a substantially constant potential dif 

O 

ference Wo, plate being positive with respect - 
to plate 2. The resultant electric field intensity . . 

5 E=e 
acts downward in the plane of the drawing as 
indicated by arrows in the figure. A cathode 3 
is located in the plane of plate 2 and may be 
insulated from the plate S0 that the cathode may 
be a directly heated filament if desired. Slots 
or gaps is and 5 are made in plate on centers 
Spaced apart a distance tra, the slot 4 being located 
a horizontal distance 27ta from the cathode 3. 
A collector plate 6 is located in the plane of 
plate 2, insulated therefrom, and preferably 
maintained at a potential somewhat positive with 
'respect to plate 2. A Substantially uniform mag 
netic field of intensity H is maintained With its 30 
lines of force directed perpendicular to the plane 
of the drawing in the sense away from the reader. 
It is assumed for the purpose of the explanation 
that the uniformity of the fields E and H is not 
materially disturbed by any edge effects or by the 
presence of the cathode 3, the collector 6 or the 
slots 4 and 5. Assuming further that electrons 
are released with Zero velocity at the cathode 3, 
then, according to known principles the electrons 
will travel in trajectories such as that shown in 
the curve 7, which is a common cycloid. The 
assumed conditions may readily be approximated 
in practice. 
The equations of motion of an electron in the 

system of Fig. 1 are readily set up and the equa 
tions of the electron paths under given boundary 
conditions derived therefrom by conventional 
analytical methods. It is therefore deemed un 
necessary to present a detailed solution and only 
the basic equations and final results are set down 
here. 
Assuming a set of mutually perpendicular rec 

tangular coordinate axes X, Y, Z, directed as 
indicated in Fig. 1, the equations of motion for 
an electron of charge e and of mass m are 

date H dz 
dinc di 
dy 
i=0 

daleBe H da 
dinne dit . 

(1) 

(2) 

(3) 

where c is the velocity of light, and e, E, and H 
are to be taken as positive numbers. As the 
problem is fundamentally one of two dimensions 
only, it will not be necessary to consider further 
the y-coordinate nor Equation 2. Additional 
simplification of the analysis may be had by in 
troducing the following abbreviations: 

e H 
=p (4) 

cE 
H-so (5) is 

20 

25 

35 

40 

45 

50 

5 

65 

70 

4 
the use of which makes 

eE 
- Ecs p80 (6) 

The equations to be solved then reduce to 
da, dz 
i;2 Pd (7) 

(8) 

The complete solution of the simultaneous 
Equations 7 and 8 is 

a=C1 sin pt-C2 cos pt--sot--C3 (9) 
2=C. sin pt-i-C, COS pl+- (10) 

from Which the following may be derived by dif 
ferentiation: 

da =p(C, cos pt-i-C, sin pl)+8 (11) 
da ~ i=p (C. cos pt- C1 sin pi) (12) 

d2. 2 ? r. si --p (C. sin pt- C, cos pt) (13) 
de-arr st . . . T-p (C. sin pt--C cos pt) (14) 

In (9) to (14) inclusive, C1, C2, C3 and C4 stand for the constants of integration. 
From the general solutions (9) and (10) a 

particular soilution may be had for the case of 
particles starting from rest at the origin at the 
time when t is zero by using the initial conditions 
represented by i , " ... ' . 

da, dz a = 2=i-ji=0 (15) 
to determine the constants of integration. The 
result is readily found to be 

-i (pt- sin pi) (16) 
S 

2. = (1-cos pi) - (17) 
the standard equations of a common cycloid. 

Referring to the curve T in Fig. 1. the left-hand 
portion of the curve represents the common 
cycloid of Equations 16 and 17. The curve will 
have a maximum value of 2 for the condition 

pt-ir (18) 
and at this point it Will be found that 

2= (19) 

2-3 (20) 
E-28 (21) 
3- (22) 

s Assuming that the Spacing a has been so chosen 
that the cycloidal trajectory Will just graze 
the plate , it will be evident that the maximum 
2-coordinate of the trajectory will be equal to a 
and it will be found that at pt=ar, 

a=ara (23) 
and 

ar. (24) 
Where 

28, 2nc2E 
a == eHe (25) 



...in accordance with the invention, a velocity 
variation is impressed upon the particles as they 
pass the first point of maximum 2-coordinate, 
fly means of a variable petential difference acroSS 
the slot 4 which will be suitably superposed 5 
upon the initial potential Woof the plate as a 
whole. Then the potential which acts upon a 
given electron causing it to pass the gap 4 may 
be expressed as 

Vs V--8 V 
where is is a small factor which in ordinary 
practice will usually lie within limits between -1 
and +1. If we assume that a given electron 
leaves the gap 4 with a speeds determined by 
the potential V as given in (26), then the "equa 
tion 

Veans? (27) 
represents the relationship between V and S based 
upon the conversion of potential energy into 
kineticiénergy. Solving (27) for-s and using (26) 
gives 

, 

sing 
VossedE (29) 

together with (25) and (4), We have 
s=2sov1-5 (30) 

The trajectory of an electron after it leaves 
the gap 4 mast be such as to Satisfy the equations 
of motion (1), (2) and (3) as well as the new 
initial conditions produced by the Velocity varia 
tion. The latter conditions are such that when 

pt=r (31) 
then 

ac=%rd. (32) 
8E6. : 33) 

F-2sov1+6= Wi-F5 (34) 
and . 

da . : sax. & 

i=0 . (35) 
Under these conditions it is readily found that 

a =&pt-(21+3-1) sin pt) (86) 

-a(1-vi-Fi)-3-(21+3-1) cosp) (87) 
Equations 36 and 37 will be recognized as the 
equations of a family of trochoids, generated by 
anowable point, distant 

b=(21+3-1) 
from the center of a circle of diameter a which 
is rolling upon and above the line 

2 = a(1-V1-6) 
The ac-component of velocity is 

(-s(1-(21+3-1) cospt) 
The trochoids corresponding respectively to 

the values 8--0.5, 6=0, and 6= -0.5 are plotted 
as curves 8, 9 and 0. 
cycloid, which is a special case of a trochioid. 
Two important characteristics of the trajec 

tries are to be deduced from the above analysis. 
The first is that all the trajectories regardless it 

. (39) 

(40) 

(26) 

SE) 

..) 

5 
the gap 5: ... The second important deduction is 
that the average value of the ac-Velocity of each 
particlesistequal to so,independently of the 6-value. 
En particular the result is found that the trarasit 
time between the gaps 4 and 5 is the same for 
all the particles regardless of the length and 
shape of trajectory. Both these characteristics 
maybe"verified by substituting pit=3rtin (36) and 
{(37) which gives . . . . . . . . . . . 

a =g (41) 
s (42) 

which expressions are independent of 6 and de 
termine the above-mentioned common point at 
the gap 5. The average speed of any particle 
twhile traversing the distance between the gaps 
4 and 25 is the intergap distance ra divided by 
the transit time frompt=ir to pt=3r, which speed 
amonitS to Azap, or So. 
The passage of charged particles across the 

gap 5 in a-density varied stream causes an alter 
nating current to be induced in the plate. The 
streamis given a density variation by the action 
of the plate '2"which is so placed as to intercept 
particles in a group of trajectories represented 
by curve to while particles in a group of tra 
jectories represented by curve 8 pass on uninter 
cepted. The velocity variation impressed upon 
the stream at the gap 4 produces a cyclical vari 
ation in the trajectories of successive particles 
ranging in turn through trajectories of the type 
of curve 8, the cycloidal type 9, the type of curve 
fo, the cycloidal type again and back to the type 
of curve 8, etc. Only the particles following tra 
jectories of the type 8 reach the gap 5 and these 
form a density varied of intermittent stream at 
the gap 5. Plate 6 serves to collect the spent 
particles after they leave the gap 5. The parts 
of the curves 9 and O which are unoccupied by 
particles because of interception by plate 2 air 
shown dotted in Fig.1. 

It will be noted that the mechanism described 
sis is one for transforming a steady stream of 

charged particles into an intermittent.or. density. 
varied stream. It will be noted further that the grouping of the particles is not dependent uponi 
the principle of fast moving particles overtak 

iso ing slower moving particles. The principle emi 
ployed is one of segregating those particles which 
exceed a certain critical velocity. . 

It will be noted further that the charged par. 
ticles approaching the gap 4 are moving with stb 

is stantially a uniform velocity and in a direction 
parallel to the plate ... This condition might 
be brought about in various ways other than by 
locating the cathode 3 in the plane of the plate 
2 and using the mechanism described for pro 

so ducing the cycloidal trajectory T. For example, 
the stream of charged particles might be made 
to approach the gap 4 along a straight path 
parallel to the plate under the influence of an 
electric field in the absence of the magnetic field 

'5 H. The mechanism shown and the use of the cycloidal trajectory T will ordinarily be simplest 
and most expedient, but it will be understood that 
it is within the scope of the invention to employ 
any suitable means to provide a stream of 

Curve 9 is a common 0 charged particles which approaches the gap 4 
with substantially uniform velocity and charge 
density. 
In any case, after leaving the gap 4 the motion 

of the particles is characterized by a periodic 
the 5-value pass through a common pointinear is component of motion in the direction of the 
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electric field superposed upon a general pro 
gression or drift in the direction perpendicular 
to the plane common to the electric and mag 
netic vectors. In the neighborhoods of gap 4 
and gap 5 the periodic component of motion in 
the direction of the electric force produces a. 
maximum displacement in compliance with the 
electric field. In the region where certain of 
the trajectories meet the ground plate 2, the 
particles are moving in opposition to the elec 
tric field. In the case of trajectories of the type 
of curve 0 there is superposed upon the drift 
motion an incidental periodic component which 
could be utilized if circumstances warranted. 
The velocity variation at the gap 4 effects a 

control over the periodic motion in the direction 
of the electric force, namely a control of the 
amplitude of such periodic motion. Under the 
variable amplitude condition, however, all the 
variation is confined to the region in which the 
particles move against the force of the electric 
field, as described, the excursion of the particles 
in compliance with the electric force being limited 
to the uniform maximum value a by the com 
bined effect of the electric and magnetic fields. 

In the operation of the device as an amplifier, 
the potential of the gap 4 is varied by means of 
the wave to be amplified and the output resonator 
is connected across the gap 5. The spacing tra, 
between the gaps 4 and 5, as seen from (25), 
is a function of both E and H, varying directly 
as E and inversely as the square of H. The 
transit time between the gaps is 

2. 
p 

and varies inversely with H, independently of 
E. There is, moreover, no critical transit time 
required in the amplifier case. . . 
In the operation of the device as an oscillator, 

the available values of H are limited Once the 
frequency of the desired oscillation is determined. 
It has been shown above that the particles which 
pass the gap 5 when the plate 2 is in place are 
those which are decelerated at the gap 4. In 
order for these particles to contribute energy to 
the field at the gap 5 the particles must pass gap 
5 while the field is opposing their motion. In a 
case where the gaps 4 and 5 are excited in Such 
manner that the fields at the two gaps are poled 
in the same direction, an integral number of 
periods of the oscillation should elapse between 
the passage of a particle across the gap 4 and 
its subsequent passage across the gap 5. 

In terms of the frequency, f, the relation 

resse 43 if p (43) 
must hold, where n is any integer, or, in terms 
of the free space wavelength, N, 

nN-2arm.c 
c eH 

It will be noted that in a given device of this 
type m, c and e are natural constants and the 
product XH is dependent upon these constants 
as well as upon the value of 72. Which may be 
chosen. Thus, 

(44) 

AHs (45) 

in which formula A is to be expressed in centi 
meters and Hand 

2. 
e 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

s 

8 
in electromagnetic units. The same thing with 
Hin oersteds is 

H-2-me 
2e 

which, when the charged particles are electrons 
becomes approximately 

AHs 10650 
72, 

(46) 

(47) 

It will be evident from Equation 47 that the 
larger the value of n selected the Smaller the 
value of H required for oscillations of a given 
Wavelength. 
The value of the spacing a between the plates 

as given by (25) may be expressed in terms of 
Wo as follows: 

H e (48) 

which formula is applicable either to an amplifier 
or an oscillator. Since in the case of the elec 
tron oscillator NH is given by (45), the spacing 
Will be 

- IVoe anti = Wii centimeters (49) 
where Vo and 

e 
772. 

are in electromagnetic units, A is in centimeters, 
and c=3X1010 centimeter/seconds, or 

nav Vo 
a 360 centimeters (50) 

where X is in centimeters and Wo in volts. 
A number of examples coming out of Formula, 

50 have been computed and are shown diagram 
matically in Figs. 2, 3 and 4. It Will be noted that 
for given values of A and Wo, the spacing a is 
proportional to n. Thus if, as in Fig. 2, a has 
the value do corresponding to n=1; then for the 
Same wavelength and same voltage, the Spacing 
is 2ao for m=2, which case is shown in Fig. 3; and 
3ao for n=3, as shown in Fig. 4. The spacing of 
the gaps is equal to tra in every case. For a wave 
length of 10 centimeters and a Voltage Wo of 
1,000 volts, the value of ao comes out approxi 
mately 1 millimeter. 
Various changes in the values of Wo and H may 

be made, at the same time changing n so that 
the required spacing remains the same. For 
example, in Fig. 2 if n is made 2 and the wave 
length and spacing remain unchanged, the volt 
age must be reduced to one-fourth its former 
Value. The change in n, also requires that H be 
reduced to one-half its former value, in order 
that (47) may be satisfied. 

Several possible combinations of values for a 
10 centimeter wavelength in the diagram of Fig. 2 
are tabulated in Table 1. 

Table I 

Several possible combinations for a 10 centi 
meter Wavelength in the diagram of Fig. 3 are 
given in Table II, 
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Table II 

V, volts H, Oersteds. A, em. 
4,000 
1,000 
445 
250 

532 
355. 
267, 

Combinations for the diagram of Fig. 4 are 
given in Table III. 

Table III 

V0, volts H, oersteds 

1,065 
532 
355 

2,250 
1,000 

Conductors f4', fis' and 6' of a resonant cir 
cuit are shown schematically, connecting the 
plate segments f" in Fig. 2. To indicate reso 
nance at the same wavelength in FigS. 3 and 4 
as in Fig. 2, the areas enclosed by the conductors 
are shown approximately equal in all three fig 
res. 
Fig. 5 represents an embodiment of the inven 

tion in an oscillator complete with a resonating 
circuit, an output coupling device and means for 
Supplying the requisite electric and magnetic 
field intensities. The equivalent of the plate 
of Fig. 1 is represented in Fig. 5 by a three 
Segment anode having segments fl, 2 and 3 
connected together by conductors 4, 5 and 6, 
the latter, together with the anode segments, 
comprising a resonant circuit. The inductance 
of the resonant circuit resides mainly in the con 
ductors f4, 5 and 6 while the capacitance is 
mainly between segments and 2 at the gap 
4 and between segments 2 and 3 at the gap 5. 
The negative or ground plate 2 has a depression 
in which the cathode 3 is insulatingly mounted. 
These parts, together with the collector plate 6, 
are Supported by rods held in a press 7 of con 
Ventional type formed in the wall of a vacuum 
tight container 8, which wall may, for example, 
be of glass. The Supporting rods may serve also 
as electrical connections from the plates to the 
Sources of electromotive force. The latter sources 
may constitute batteries or other suitable devices 
of which 9 serves to heat the cathode, 20 to 
polarize the anode segments 1, 2, 3 positively 
with respect to the ground plate 2, and 2 serves 
to maintain the collector 6 preferably at a some 
what positive potential with respect to the plate 
2. Coupled to the conductors 4 and 6 is a cou 
pling loop 22 the ends of which may project 
through the envelope f8 and be connected to any 
Suitable load device for transmitting or utilizing 
the generated oscillations, the load circuit here 
being represented by a resistor 23. An electro 
magnet comprising pole-pieces 24, winding 25, a 
yoke 26 and energized by suitable means such 
as a battery 27, is provided preferably external 
to the envelope f8 and is set up in such a position 
(Fig. 5A) as to provide a magnetic field having 
lines of force substantially parallel to the cathode 
3 and the several plates. 
The cycloidal path of a typical electron leaving 

the cathode 3 and approaching the gap 4 is shown 
at . The path of this electron, should it be 
decelerated at the gap 4, is indicated at 8' show 
ing that its trajectory continues past the gap 5 

10 

20 

25 

30 

35 

40 

65 

O 

75 

O 
and preferably ends upon the collector plate 6. 
Should the same electron instead be accelerated 
at the gap. 4 its path is indicated at 0', ending 
upon the ground plate 2 and not reaching the 
gap 5, . . . 

The spacing between the ground plate and the 
anode is determined as described hereinbefore in 
connection with Fig. 1, for a desired operating 
wavelength at a given voltage and for a chosen 
value of n, according to (50). The resonator is 
proportioned to be resonant to the operating 
wavelength. Further details of the operation of 
the system of Fig. 5 will be evident from the ex 
planation given hereinabove in connection with 
Fig. 1. 

Fig. 6 shows a modification of the tuned circuit 
of Fig. 5. The anode segments and 3 of Fig. 
5 are merged into a single segment 00 which may 
Surround a middle Segment as shown. The 
inductive connection between the segments 09 
and Of comprises the conductors 4, 5 and 6 
Corresponding to those similarly numbered in 
Fig. 5. 

Fig. 7 shows a tuned circuit similar to that of 
Fig. 6 but with the inductive connection between 
the plates OO and Of simplified so as to elimi 
nate the conductor f4. 

FigS. 8 and 9 show tuned circuits similar in 
principle respectively to the tuned circuits of Figs. 
6 and 7. 

In the arrangement of Fig. 8, a conductive bar 
f02 takes the place of the conductors 4, 5, 6, 
inclusive, of Fig. 6. In this kind of structure 
there is less inductance in the connector 02 and 
reSOnance is determined to a greater extent by 
distributed inductance in the segments 00 and 
Of. 
In the arrangement of Fig. 9 the inductive con 

nection 5, 6 is replaced by a bar 3. Here 
again the inductance relied upon for resonance 
resides mainly in the distributed inductance of 
the segments foo and fol. 

Fig. 10 shows a tuned circuit comprising a pair 
of anode Segments O and 0.5 joined by an in 
ductive conductor f06. The arrangement is 
mounted so that the plates fo4 and 95 are co 
planar with a guard plate 07 and are positioned 
in an opening therein. The conductor fos is con 
ductively connected to and supported by a con 
ductor (8 which is in turn conductively coin 
nected to and supported by the plate 97. The 
conductor 08, while it may represent an appre 
ciable inductance can still serve as an untuned 
connection between the conductor 06 and the 
plate C7. It is only necessary that the system 
07, 08 shall not support electromagnetic os 

cillations at a frequency in the neighborhood of 
the desired operating frequency. Under this con 
dition, the anode segments O4 and 5 may sus 
tain an alternating potential, while the plate a 
and connector f 8 will remain at a Substantially 
unvarying potential. 

Fig. 11 shows a tuned circuit which is a modi 
fication of that shown in Fig. 10. A guard plate 
07 has two openings within which the plates 

A 4 and 0.5 are positioned respectively. The 
conductor 06 connects the plates 94 and 65 
as in Fig. 10 and a conductor 8' connects the 
middle of the conductor f06 to the portion of the 
plate fol' between the two openings. 
What is claimed is: 
A resonator comprising a conductive guard 

plate having a closed slot therein, a pair of con 
ductive plates mounted coplanarly with each 
other and with said guard plate within the slot 

  

  



2,492,680 
11 12 

in said guard plate, a first inductive conductor UNITED STATES PATENTS 
connecting said pair of conductive plates and Number Name Date 
lying in a plane perpendicular to the plane of 2,042,345 Lindenblad May 26, 1936 
said guard plate, and a second inductive conduc- 2.195.456 Holmann III Apr 2. 1940 
tor lying in a plane perpendicular to the plane 5 Mouromtseffet al. 6ct 8, 1940 of said guard plate, said second inductive con 
ductor connecting said first inductive conductor 3:38 E.e- it. to said guard plate and thereby supporting said 
pair of conductive plates within the slot in said 2,437,244 Dallenbach --------- Mar. 9, 1948 
guard plate. i) 

ARNOLD E. BOWEN. 
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