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RESONANT (CERCUT AND RADATOR 

Nathan W. Arain, Chicago, Ill., assignor to Zenith. 
*Radio Corporation, a corporation of Elinois 

Application October 2, 1943, Serial No. 504,717 
6 Caixas. 

This invention relates to electric translating 
Systems and more particularly to such Systers 
which include a, resonant CaVity. 

High frequency radio signals, whose wave 
length is of the Order of ive meters or less, may 
be conveniently translates thirough rescriant CaV 
ities. Any suitable cavity having conductive 
boundaries is space resorant. Such cavities are 
usually made cylindrical, toroidal or rectangilar 
and are usually resonant in complex nodes and 
at many frequencies. 

It is an object of ny invention to provide 
new and improved electric translating System 
comprising a cavity resonant in a simple mode, 
that is, one in which resonance of a single typ8 
is established in a harrosaic series of firequencies. 
In this type of cavity, the resonant frequency is 
a linear function of wavelength. That is, the 
larger the cavity, the greater is the Wavelength. 

It is also an object of my invention to pro 
vide a new and improved electric transiating sys 
tem which is space resonant in such a way that 
a reenforcement of energy Substantially at a, focal 
point within the Space is produced. 

It is a corollary object of my invention to pro 
vide such a new and improved electric transiating 
system in which external circuits may be coupled 
to the System at such a focal point. 

Still another object of my invention is to pro 
vide such a new and improved energy radiator 
which radiates energy into Space in desired di 
rections. 

It is a further object of my invention to pro 
vide a new and iriaproved resonant, cavity electric 
translating device which may ba readily designed 
With simple parameters so that, upon constituc 
tion, it is resonant at a predetermined frequency, 
and its resonance is substantially of a single type 
in a harmonic Series of frequencies. 

It is an additional object of my invention to 
provide a new and improved space resonant 
translating device especially suitable for excita 
tion by a wide variety of exciting means. 

It is still another object of my invention to 
provide a new and improved form of space 
resonant cavity having an input and an output 
and one capable of providing highly efficient fil 
tering action between such input and output. 
The features of my invention which I believe 

to be novel, are set forth with particularity in 
the appended claims. My invention itself, both 
as to its organization and manner of operation, 
together with further objects and advantages 
thereof may best be understood by reference to 
the following description taken in connection 
with the accompanying drawings in which: 

Figure illustrates one embodiment of my in 
vention; 

Figure 2 illustrates Schematically a principle 
of operation of my invention; 
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Figures 3 through 9 illustrate alternative en 
bodiments of my invention; 
Figure it) illustrates schematically a principle 

of operation of the embodiment of Figure 9; 
Figures 11 through 15 illustrate still other em 

bodiments of my invention; and 
Figure 16 illustrates certain characteristics of 

an embodiment of Figure 15. 
In Fig. 1 a space-resonant cavity is formed by 

8, pair of conductive confocal paraboloidal shells 
and with their concave sides facing each 

other. The two shells and are clamped to 
gether at their edges by rings 2 and 3 held 
together by bolts 4. The depth of each of the 
paraboloidal shells 8 and , measured from a 
plane passing between the two shells perpendicu 
lar to their common axis to the deepest point 
of each shell, is equal to the focal distance of the 
paraboloid defining the shell. That is, the focus 
of each one of the paraboloidal shells 9 and 
Coincides With the focus of the other shell. 
Energy is transferred from a suitable source 5 

into the cavity bounded by the paraboloidal shells 
and through a coaxial transmission line in 

cluding ain inner Conductor and an outer cylin 
drical concentric conductor 6, the terminals of 
the source 5 being connected to the inner and 
outer conductors. The coaxial line including the 
inner conductor and outer conductor 6 is ter 
minated by a small loop at the common focus 
of the two paraboloidal shells ) and , said 
inner and Outer conductors each being connected 
to opposite terminals of loop 7. 

Energy may be abstracted from the space 
bounded by the shells i and through a second 
coaxial transmission line including an inner con 
ductor 8 and an outer conductor 9, terminated 
at any point within the shell by a Small loop 20. 

In Fig. 2 there is illustrated graphically the 
manner in which space resonance in a simple 
mode is produced between the two paraboloidal 
shells 9 and , these shells being identical with 
those illustrated in Figure 1 and being given like 
reference characters. The point 2, which is the 
confocal point at which the loop of Figure 1 is 
placed, is the focus for each of the parabolas fo 
and f. It is a property of a parabola, that a line 
drawn from its focus to any point along the 
parabola, intersects the parabola at the same 
angle as the parabola, is cut at the same point by 
another line parallel to the axis of the parabola. 
A ray 22 of energy is illustrated in Figure 2 

proceeding from the focal point 2 to impinge 
upon parabola () at a point 23. By Well known 
laws of reflection this ray 22 is reflected at the 
point 23 from parabola O in a direction illus 
trated by line 24 parallel to the axis of parabola, 
f; the angle 25 of incidence and the angle 26 of 
reflection being equal. 
The two axes of the two parabolas O and f f, as 
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pointed out previously in connection with the 
paraboloidal shells and of Figure 1, are 
common to each other so that the ray 24 is paral 
lel not only to the axis of the parabola, 3 but 
also to the axis of the parabola f. Since the 
axes and focal points 2 of the parabolas 3 and 

coincide, the ray 24, when it strikes parabola, 
, is reflected as a ray 2 toward the focal point 

2, the angle 28 of incidence and angle 29 of 
reflection being equal. 
This process of double reflection and return to 

the focus takes place for any energy ray emitted 
from the focus 2 . A ray 38 emitted from the 
focus 2 in a different direction from the ray 
22 is reflected from parabola, as a ray 3 paral 
lel to the axes of the parabolas and and is 
reflected from parabola, as a ray 32, which 
passes through the focus 2. No matter in what 
direction a ray is emitted from the focus 2, after 
being reflected from each of the parabolas ( and : 
ff in succession, it returns to the focus 2 . 
The length of path traveled by a ray of energy 

emitted in any direction from the focus 2 is 
always the same when it first returns to the focus 
2. That is, the length of path traveled by a ray 
of energy following lines 23, 24 and 22 in a single 
circuit from the focus 2; and back to the focus 
2 is the same as the length of path traveled by 
a ray of energy in a single circuit along the lines 
30, 3 and 32. 

It may be proved mathematically that such 
paths, from focus 2 through a reflection from 
each of the parabolas 8 and back to the focus 
2, are always of the same length. If it be as 
Sumed that the parabola, be defined by the 
equation: 

then the focus 2i is at a distance a from the 
point on parabola 8 at which it is cut by its 
axis. The perpendicular distance from any point, 
ac, y, on parabola, it to a line through focus 22 
perpendicular to the axis of the parabola, is 

0- (2) 

Or, expressed in terms of g, 
g 

a i. (3) 
The distance from focus 28 to the point ac, gy 

(the coordinates of point 2 being a, 0) is 
V(a-a)2-y? (4) 

Or expressed in terms of y: 
7- - W(a-E)+, (5) 

The Sum of these two distances expressed by 
Equations 3 and 5, from the point d, 0 to point 
ac, 2), and from point ac, gy to a line through cl, 0, 
perpendicular to the axis of parabola 3 is: 

2 2N2 2 

a- + V(a-E)'." (6) 
This expression for the total distance from 

focus 2 to a point ac, gy along parabola () and 
then along a line parallel to the axis of the parab 
ola to a line through focus 2 perpendicular to 
the axis of parabola () may be simplified, and is 
then found to be: 

2d (7) 

This mathematical analysis indicates that the 
distance along path 22 and half of the length of 
line 24 is equal to 2a, or that the distance along 
paths 22, 24 and 2 is equal to 4a. In other 
words, a ray of energy emitted from focus 2 in 
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any direction travels away from focus 2, is re 
flected once from each of the parabolas O and 
if, and returns to focus 2 in phase after having 
traveled a distance equal to twice the distance 
between the parabolas iO and if measured along 
their common axis. Therefore, all rays travel 
from focus 2 and are reflected once from parab 
Ola and once from parabola, i, and return to 
focus 2 in phase. 
The small loop is effective in transferring 

energy between the end of transmission line 6 
and the Space Surrounding loop through the 
magnetic component of electromagnetic radia 
tion in the vicinity of loop . A dipole may be 
substituted for loop 7 so that energy is trans 
ferred through the electric component of the 
radiation near the dipole. 
For any particular size of parabolas 0 and 

and With loop or with the substituted dipole, 
resonance occurs at a harmonic series of fre 
quencies uniquely determined by the reflection 
path length. When such a resonant condition 
existS, it is called resonance of a single type. 
The loop fl is made as small as possible with 

respect to the dimensions of the cavity enclosed 
by shells 8 and . This is preferable in order 
that energy radiated from loop a shall appear 
to come as nearly from a point source as is 
possible. Since the loop a must necessarily have 
finite size, energy of frequencies within a finite 
band of frequencies centered about a mean fre 
quency determined by the ideal point source 
resonator produces resonance within the space 
bounded by shells and . This finite band 
of frequencies has a width measured in frequency 
which Width is a function of the size of loop 7 
With respect to the size of the space bounded by 
shells 6 and f. ihat is, as loop 7 is made 
Smaller, the finite band of frequencies within 
Which resonance occurs is smaller. 

In order to make the relative size of loop 7 
Small, so as to obtain a cavity bounded by shells 

and i? resonant at a very narrow range of 
frequency, it may be desirable to make that space 
fundamentally resonant at a much lower fire. 
quency Which frequency is a sub-harmonic of the 
desired frequency. It may be desirable to make 
line 6 an integral number of half Waves in 
length, in Order that impedance of the line 6 
Shall not Substantially affect the resonant fre 
quency of the space bounded by shells 8 and . 
The phenomenon of space resonance by alter 

nate concentration and dispersion of oscillatory 
energy from a focal point in a space may be uti. 
lized in several very useful ways. In Fig. 3 a. 
pair of paraboloidal shells A and have their 
concave sides facing each other and are spaced 
apart with their deepest points, measured along 
their connon axis, at a distance apart equal to 
twice the focal distance of either one of the pa 
raboloidal shells 40 or 5. The two shells are iden 
tical and their focal distances are correspond 
ingly identical. These two shells 9 and 3 are 
identical with shells 9 and of Fig. except 
that they do not meet at their rins, so 
that a gap 32 is left open all of the Way around 
the two shells 4 and 4. Proper spacing between 
the two shells 4 and it is maintained by sup 
porting Inernbel's 3, which are preferally formed 
of such material and so spaced that they provide 
Ininimum interference With energy radiated from 
Within the shells 4 and 4 to external space. 
Radiation of such energy from within the shells 
43 and 4 to external space is indicated by ar 
roWS 4 and 35. 
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Oscillatory energy at a frequency such that 
space resonance is produced within the shells 
4 and 4 is transferred from a generator, not 
shown, to the common focus of the shells (28 and 
4 through a coaxial transmission line including 
an external cylindrical conductor 6, and a con 
centric inner conductor g. This transmission 
line comprising conductors 46 and it is termi 
nated at the focus of the shells 6 and AS in a 
short dipole 48, of which one arm is connected to 
inner conductor A and the other airin to the Outer 
conductor 46. The length of the arms of dipole 48 
may, but need not, be an integral fractional part 
or multiple of the Wave length of the energy 
radiated into shells 40 and 4. 
Space resonance is produced between the shells 

40 and 4 by reason of the fact that energy radi 
ated from dipole 48 in directions intercepting 
either of the shells 3 and 4A is reflected once 
from each of the shells and 4 and returned 
to dipole 8. Radiation from between the shells 
40 and 4 passes out through the gap 32, not only 
by reason of radiation of energy directly from the 
dipole 48 but also by reason of energy refiected 
back to dipole i38 from shells 8 and 4, Such re 
flected energy being thereafter radiated by the 
dipole 48 through gap 42. 

Energy thus radiated from the gap 42 between 
the shells & 0 and li is concentrated in directions 
from the dipole 48 through the gap 42. If the 
gap 42 be made quite Sinail, this concentration 
of energy can be made great. With the structure 
shown, in which the gap 42 extends completely 
around the shells 43 and , energy is radiated 
substantially in a plane. If one of the shells 48 
or is be cut off more than the other shell, so that 
the gap 42 faces up or down, energy is correspond 
ingly radiated in Such upward or down Ward di 
rection. 

Paraboloidal shells, such as shells and in 
Figure 1, or shells A3 and 4; in Figure 3, are sep 
arated by twice their focal distance measured 
along their common axis, since they must have a 
common focus, and, as eXplained above, this 
Separation bears a direct relation to the resonant 
frequency of the space enclosed by the shells, so 
that the configuration of the paraboloidal shells, 
which is related to their focal distance, bears a 
definite relationship to the resonant frequency of 
the space enclosed thereby. It has been found 
in practice, however, that it is not difficult to 
shape such paraboioidal shells and space then 
apart a proper distance So as to be resonant at 
a desired frequency. 
The necessary dimensional accuracy to which 

shells and must conform is greater as the 
resonant frequency approaches more closely a 
single desired frequency as distinct from a band 
of frequencies. Some nechanical distortion of 
of one or both shells and f may be effected 
to alter over a narrow range the resonant fre 
quency of the space bounded by those shells. 
The dipole 3 shown in Figure 3 should have 

an overall length which is a very Sinail part of a 
Wave length in order that it shall appear substan 
tially as a point Source of radiant energy Within 
the Space bounded by shells is and 3. The 
mechanisin of such radiation is similar to that ex 
plained in connection with the loop in Fig 
lure 1. 

It is desirable that the Surge impedance of the 
transmission line comprising conductors 35 and 
47 be substantially matched to the impedance of 
dipole 48 coupled to the space bounded by shells 
A and 4. 
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As with the loop , the Smaller the dipole 48 

is, the sharper is the resonance characteristic of 
the Space bounded by shells 40 and A and ac 
cordingly the greater is the frequency selectivity. 

in Sigure 4, paraboloidal shells 5 and 5 have a 
connon focus and a common axis, and oscillatory 
energy is radiated into the space bounded thereby 
in a Sonaewhat different manner than is the case 
With the devices of Figures 1 and 3. The edges of 
shells 5 and 5A are joined at all points except 
for a Small Opening 52 at One point, along the 
perimeter. Oscillatory energy represented by ar 
rOW 53 escapes in substantially a single direction 
through this opening 52. The device in this form 
therefore affords transmission of oscillatory en 
ergy in a highly concentrated beam. 
TWO truncated cones 54 and 55 provide excita 

tion for the Space within shells 5 and 5. Both 
cones are truncated near their apices, and have 
the truncated portions facing each other with 
the base portions centrally affixed respectively in 
shells 5 and 52. The common axis of the two 
cones is and 55 coincides with the common axis 
of the shells 5 and 5A. The cone 5.8 may desir 
ably be made hollow, but is entirely closed within 
the shell. The cone 55 is hollow and the trun 
cated end affords an opening 56 adjacent the 
closed truncated end of the cone 54. 

Shells 50 and 5, as well as cones 54 and 55, are 
inade of reflecting material so that they bound 
the Space which is enclosed by them. They may, 
for example, be made of conducting material, 
Such as metal, or of material having a high 
dielectric constant. A wave guide or conductive 
pipe 5T is connected with the base portion of 
the cone 55, where it is joined to the shell 5, and 
Oscillatory energy within the wave guide 57 is 
transferred through the cone 55 and out through 
Opening 56 into the space enclosed by shells 50 
and 5. The radiator, or cone 55, which narrows 
down to the small opening 56, provides that 
oscillatory energy from the wave guide 57 is 
radiated within the space enclosed by shells 50 
and 5: Substantially only at the common focus 
Of the shells 5) and 5. 
The size of the opening 56 is, as stated, small 

With respect to the size of shells 50 and 5, but 
it is also Sufficiently large with respect to the 
Wave length of the wave passing therethrough so 
that undesirably large attenuation does not 
occur. Similarly, the size of the Wave guide or 
pipe 5 is Sufficiently large with respect to the 
wave length of the wave transmitted there 
through that attenuation of the wave in passing 
through the pipe is not intolerably large. 
When energy is transferred between pipe 57 

and the space bounded by shells 50 and 5, 
resonance of a single type occurs, as previously 
explained in connection. With the previous forms 
of the invention. 

In Figure 5 certain parts of the arrangement 
are Similar to parts of the arrangement shown 
in Figure 4, and have like reference numerals. 
A Somewhat different form of excitation is pro 
Vided, the structure in Figure 4 being excited 
through a wave guide while the structure in 
Figure 5 is excited from a spark or arc gap. In 
Figure 5 the spark or arc gap is formed by a 
pair of cones 60 and 6, whose apices are rounded, 
the cones being placed with their rounded apices 
adjacent So that, upon the application of suitably 
high potentials between the cones 60 and 6t, 
Sparks or arcs pass therebetween. Any space 
Current flow may be induced between cones 60 
and 6. So long as there are high frequency com 
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ponents of that current of frequency comparable 
to the fundamental frequency of the resonant 
cavity formed by shells 58 and 5. 
The cones 6 and 6 are preferably formed of 

a metal, Such as copper, aluminum or Silver, hav 
ing low resistance to the flow of heat. Each cone 
is preferably solid and is integrally formed With 
a conductor of Substantial cross-section. Con 
ductor 62 is joined with cone S 6 and conductor 63 
is joined with cone S. The conductors 62 and 
63 each have a set of fanges or fins numbered 
respectively 6, and 65, for the better dissipation 
of heat flowing from the cone out through the 
conductor. 
Each cone is insulated from the conductive 

shells 50 and 5 by an insulating Support. That 
is, cone 60 is fastened to a hollow truncated 
conical section 66 by a truncated conical insulat 
ing portion 6, the conical section 66 being joined 
at its base to the shell 58. Similarly, the cone 
6 is joined to a conical section 68 by a conical 
piece of insulation 69, the conical section 68 being 
joined to the shell 5; at its base. 
Since the insulating sections 6 and 69 isolate 

the shells 50 and 5 from the cones 6 and 6 , the 
shells may be grounded and Suitable high poten 
tials may be applied to conductors 63 and 63 for 
the formation of sparks or arcs between cones 60 
and 6. When sparks or arcs containing energy 
of certain wavelengths are So formed, such high 
frequency energy is radiated from between the 
two cones 69 and 63 into the space bounded by 
the shells 50 and 5, so that energy of those cer 
tain wavelengths comparable to the physical size 
and configuration of the shells 5 and 5 is 
selectively radiated through the hole 52, as illus 
trated by the arrow 53. 

All forms of the invention illustrated in Figures 
1 through 5 have been constructed of that conic 
section termed a parabola, and are formed of 
circular paraboloidal surfaces. Other conic Sec 
tions may be utilized to form surfaces of revolu 
tion bounding a space which is resonant in a 
manner useful in practicing my invention. In 
fact, other conicoids or second degree tridimen 
sional surfaces may be used, Such as confocal 
hollow conicoids. 

In Figure 6, a hollow sphere 9, with a small 
loop 7; at its center fed by a coaxial transmission 
line including outer conductor 2 and iner col 
ductor 73 encloses a space resonant in a single 
node when excited by energy of a certain fre 
quency transmitted through the line into that 
space. Energy transmitted through the line to 
the loop it and radiated within the Sphere 0 is 
reflected from the surface of the sphere 0. 
directly back to the loop A. 

If it be desired that the hollow spheroid , 
loop 7, and transmission line including con 
ductors 72 and 3 act as a two-terminal resonant 
net-work of very sharp resonance, the loop 
should be as small as possible in comparison. With 
the dimensions of the sphere 6 in order that 
the loop shall appear as a point Source. On the 
other hand, if it be desired that the Spheroid 70, 
loop 7, and the line act as a two-terminal band 
pass filter, the loop 7 may be made larger to 
obtain the desired band paSS characteristics or 
the shell to be made a distorted Spheroid. In 
fact, in all modifications of my invention, the 
exciting source within the resonant Space may 
be made of such dimension with respect to the 
dimensions of that Space So as to cauSe the Space 
to act as a band pass filter of desired band paSS 
characteristics. 
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If desired energy may be extracted from the 

space bounded by shell 9 by providing a loop ex 
tending into that space as shown for example by 
loop 2 in Fig. 1. 

If it be desired, a dipole may be substituted for 
the loop. 7. The dipole is connected to its line 
in the same manner as dipole 48 in Fig. 3 is con 
nected to lines. 46, i. 

In Fig. 7 another method of excitation is shown 
for a structure similar in certain respects to the 
Structures illustrated in Figures through 5. A 
pair of paraboloidal conducting sinells 33 and 8f 
are arranged with their concavities facing each 
Other and With connon focal pointS. these tWO 
shells 80 and 8 are completely reflecting except 
in two opposite directions Where openings are left 
for the egress of radiation. These openings are 
sealed hermetically respectively by covers 32 and 
83, which are made of a material substantially 
transparent to the desired radiation and Which 
may be formed in Such a lens shape that, radi 
ation tends to pass from the Space bounded by 
the shells 8G and 8 in substantially parallel lines, 
as indicated by the dotted lines 84 and 85. 
Means is provided at the connon focal point of 

the two shells 8 and 8 for creating corona of 
high intensity in the region of that common focal 
point. As illustrated, two conducting members 
36 and 8 are placed close to the common focal 
point on either side of it with a gap 33 there 
between Within Which the corca, nay be formed 
When suitable ionizing potentiai is impressed be 
tween the conducting members 86 and 8. Means 
including a suitable source of potention 89 and 
conductor's 90, passing respectively to the two 
conducting members 36 aid 3: through a shield 
9t, are provided for the purpose of impressing 
Suitable ionizing potential between the neinbei's 
86 and 8. The shield 3 is so arranged inter 
Inally as to provide a hermetic seal through which 
the conductors 95 pass, so that the space bound 
ed by the shells 8 and 8 is Sealed hermetically. 
An atmosphere is provided in the space between 

the shells 89 and 3 of Such nature and at such 
pressure that the potential suggplied from Source 
89 between arms 86 and 35 produces corora of a 
desired intensity in the gap S3. The for Ylation 
of corona is attended by the production of high 
frequency potentials cf substantial intensity. 
Such high frequency colora, potentials existing 
between the members 86 and 32 are accompanied 
by radiation of energy over a wide band of fre 
quencies in the space bounded by shells 3 and 8, 
which radiation includes a particular frequency, 
of Which the corresponding Wavelength is com 
parable as has been heretofore explained in con 
nection. With the structures illustrated in FigS. 1 
through 5 to the dimensions of the space bounded 
between shells 8 and Si. Energy of Such fre 
quency by direct paths and reflected paths passes 
out through lenses 82 and 83 as beans. By Suit 
able choice of the character of the gaseous atmos 
phere filling the space between shells 8 and 8f 
and by suitable correlation of the pressure of that 
atmosphere with the potential Supplied from 
source 89, the intensity of the potential supplied 
from source 89, the intensity of the radiation com 
ing through lenses 32 and $3 may be made maxi 

The physical size of the discharge produced in 
the gap 88 and the overal length of the members 
86 and 87 of the corona, producing means infiu 
ences the band Width of frequencies which may 
be emitted. In general, the larger the sizes the 
greater the bandwidth of frequencies emitted and 
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the Smaller is the selectivity produced by the 
composite shells 89 and 8. That is, when it is 
desired to make the Space broadly resonant, so 
that the band width is relatively large, the mean 
bers 85 and 87 may be made like a dipole, as illus 
trated, but the members 86 and 8 are made as 
Small as pCSsible When sharp resonance or high 
Selectivity is desired. 

In Fig. 8 a modified form of Space resonant de 
vice, bounded by Surfaces of revolution formed Of 
conic Sections, is shown. This device is funda 
mentally resonant at substantially two different 
frequencies. Energy is transferred into the de 
Vice through a coaxial transmission line 8, 
terminated by a small loop 8. Space on one 
side of a plane passing through the center of the 
loop is bounded by a pair of paraboloidal 
shells 2 and 93, the two shells having their 
concave sides facing each other and having a 
common focal point at tire center of the loop A. 
Space on the other side of the plane passing 
through loop D is bounded by two additional 
paraboloidal shells 4 and 5 having their con 
cave sides facing each other, having a common 
focal point at the center of the loop coinciding 
With the common focal point of the shells 2 and 
f3, and each having a major axis of different 
length from the major axes of shells 2 and 93. 
The pair of shells (4, 25 and similarly, the 
pair of shells C2, 3 are similar to halves of 
shells 59 and 5; in Figure 5. If desired, the space 
between the edges of shells 2 and 3 and the 
edges of shells e4 and 95 may be closed by a 
suitably shaped strip 36 lying in the previously 
mentioned plane passing through loop C. 
Energy transferred through the coaxial line 

and to the loop is radiated into the space 
bounded by the doubly resonant chamber com 
prising Shells 2 and G3. The chamber con 
prising shells 2 and C3 is resonant at certain 
frequencies corresponding to the dimensions of 
that Space, in a manner explained in connection 
with the structures of Figs. 1 through 
5. Similarly, due to the shape of the 
chamber comprising shells 24 and 05, en 
ergy of a Wavelength comparable with the shell 
Size, Such energy being transferred through line 
fo and radiated from loop , is selectively re 
enforced, the Wavelength and the corresponding 
frequency of that energy being determined by the 
dimensions of the space bounded by shells 4 and 
(5. Space resonance is therefore produced in 

the Space bounded by shells 32, 3, 24 and G5 
at Substantially two discrete fundamental fre 
quencies, and the impedance appearing between 
the two conductors of the coaxial line OG is cor 
respondingly affected at these two discrete fre 
Cuen CIeS. 

Energy inay be abstracted from the space 
bounded by Shells 2 and 33 through a small 
loop connected to a coaxial transmission 
line 7. Such energy abstracted through the 
loop and line C2 is predominantly of the 
frequency determined by the space resonance of 
the Space bounded by shells 2 and C3. 

Similarly, energy of a frequency determined 
by the dinnensions of a space bounded by shells 
f4 and 5 may be abstracted from that space 
by a Small loop 8 and a connected coaxial trans 
mission line (9. 
When a loop and connected line such as the 

loops and 88 and lines 07 and io9 are 
utilized, the structure may be used as a filter, 
resonant at two discrete frequencies, for separat 
ing out energy at one of those frequencies. Al 
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ternatively, energy may be fed into lines 7 and 
G9 at respectively different frequencies and Such 
energy transferred through the Space bounded by 
shells 2, 3, 23, and 85 to line , where, 
for example, the energy of two different fre 
quencies may be mixed by heterodyne action. 
Such heterodyne action takes place when line 

38 is connected across a crystal detector 33 in 
series with a condenser 36. Condenser 34 has 
ioW reactance at the frequencies of energy in 
lines is and 33 and high reactance at their 
heat frequency. Beat frequency voltage appear 
ing acioSS condenser 36 may be utilized in de 
vice 35. 

In Fig, 9 there is shown another structure in 
which Siili another conic Section is utilized to 
for a, Surface of revolution bounding a Space 
which is resonant, at a Single predetermined fre 
quency. In this case the conic section is an ellipse 
rotated about its major axis to form the desired 
surface of revolution. That is, the space is 
bounded by the shell of a prolate spheroid. The 
shal is foirned of a reflecting material in the 
Shape of the resuiting SUrface of revolution. 
Excitation of the space bounded by shell i9 may 
be provided through a small loop at one 
of the foci of the ellipse determining the shape 
of shell 9 and through another Small loop 

2 at the other focus. The Small loop ter 
minates a coaxial transmission line 3, of which 
the outer conductor is connected to the shell 9 
and the inner conductor is connected to one 
terminal of the secondary winding of a high fre 
quency transformer . The Small loop 2 ter 
minates another coaxial transmission line if 5, 
of Which the Outer conductor is connected to 
Shell 9 and the inner conductor is connected 
to the other terminal of the Secondary Winding 
of transformer . The anodes 6 and of 
a high freniency electron discharge device i8 
are connected in push-pull relation to respective 
terrninas of the primary Winding of transformer 

A. 
Ultra, high frequency energy of a wavelength 

comrarable to that determined by the dimensions 
of ellipse 9, is generated in the device f 8 or 
amplified through it, and is then transferred 
through transformer 4 to the Small loops 
and 2 in push-pull, or balanced, relation, that 
is in opposite phase. The size of shell 9 is such 
that energy of the frequency of the Wave from 
device 88, radiated from loop and traveling 
by reflection from the shell 9 to the loop 2, 
reaches the loop 2 in such phase as to establish 
a mutual resonance between the two foci. This 
resonance is of a single type at a fundamental 
frequency or harmonic. 

In Fig. 10 there is a graphical illustration of 
the path taken by such radiated and reflected 
energy. The shell 9 is represented by an 
ellipse 2 and a single ray of radiation 2 is 
represented as traveling from the focal point 
E24 occupied by loop in Fig.9 It is a well 
known proposition (see "Coordinate Geometry' 
by Fine and Thompson, published by The 
McMillan Company in New York in 1937, on 
page 84) that the tangent at any point of an 
ellipse makes equal angles with the lines joining 
the points to the foci of the ellipse. Accord 
ing to this proposition, therefore, the ray 2, after 
reflection from the ellipse 29, takes the path 
22 to the other focus 23 of the ellipse. 
It is also a known property of an ellipse tha. 

the sum of the lengths of the paths t2f and 22 
between the first focus 24 and the Second focus 
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23 is a constant, no matter in what direction 
the path 2 is Oriented. 

It follows from the above-mentioned geomet 
rical properties of the ellipse 2 that all energy 
radiated from focus 24, as along the representa 
tive path 2, must arrive at focus 23 after 
One reflection from the ellipse 2 in predeter 
mined phase relation. 

If the path f 22 be extended through focus 
23, as illustrated by path 25, so as to impinge 

again upon the ellipse 2, energy is reflected 
from the ellipse 2 along a path 25 passing 
through the first, foci is 24, the sum of the 
lengths of paths 25 and 26 being equal to 
the sum of the length of paths 2 and 22. 
Similarly path 26 may be extended through 
focus $24, as path 27, and after reflection from 
the ellipse 20 as path 28, energy traveling along 
those paths passes back through the second 
focus 23 again. Extension of the path 28 
through focus 23, as path 29 results in still 
another reflection from the ellipse 2, as illus 
trated by path. 3), which extends again back to 
the original focus 24. 

Following the energy paths 2, 22, 25, 26, 
27, 28, 29 and 3 in order, it is evident that 
energy radiated from either focus passes 
through the other focus and then alternately 
through the first focus and the other focus 
many times, and, after each reflection, ap 
proaches more and more nearly a path directly 
through the two foci (23 and 24. It is therefore 
evident that energy radiated from the foci 23 
and 24 tends to become concentrated along the 
major axis of the ellipse. Since the prolate 
spheroidal shell 9 in Fig. 9 is formed by revolti 
tion of the ellipse 2 about its major axis, the 
same action as illustrated in Fig. 10 takes place 
in any plane passing through the nihajor axis. 

Because of the peculiar property of an el 
lipsoid, formed by revolution of an ellipse about 
its major axis, in reflecting radiation inside so 
that it ultimately is concentrated along the 
major axis, such an ellipsoid arranged as a 
Space resonant cavity is useful in radiating a 
narrow concentrated beam of energy. The el 
lipsoidal shell 9 in Fig. 9 has a hole 3 at 
one, end inline with the major axis and in line 
with the two small loops and f2. Direct 
and concentrated radiation energy from the 
loopS and 2, is radiated as a narrow cora. 
centrated beam of energy through the hole 3. 
the beam being represented by an arrow 32. 
In Fig. 11 an ellipsoidal shell 4's encloses a 

Space into which energy is radiated from a 
dipole 4, energy being abstracted from the 
Space through a dipole 42. The dipole 4 is 
energized through a coaxial cable 43, of which 
the inner conductor is connected to one arm of 
the dipole 4 ... and the outer conductor of the 
line , 43 to the other arm. The dipole 42 is 
similarly connected to a coaxial cable 44 
through which energy within the space, bounded 
by the shell 40 is abstracted. 
A representative path for energy traveling 

from the dipole f4 to the dipole : 42 is illus 
trated as a line 45 from the dipole is to a 
representative point on the shell 40, and an 
other line 46, representing the path taken by 
reflection of the ray traveling the path 4.5 and 
Striking the representative point, the ray 4's 
passing eventually to the dipole 42. The ray 

6, as it passes the , dipole 42, proceeds in a 
path 47 to strike another point of the shell 4 
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12 
and be reflected along a fourth path 43 back 
to the digole 4. 

Ira Fig. 2 a shell 3 has a small loop 5C. at 
o:he focus and another small loop 5 at the 
other focus, those two small loops being con 
racted respectively, as are the dipoles . . .and 
S$2 in Sig. 31, to the coaxial transmission lines 
33 and 4 g. in operation, the Structure SOWn 

in Fig. i2 is similar to the operation described 
for the structure of Fig. 11. That is, energy 
radiated into the sell 48 from loop 5 is ab 
stracted by loop. 53. 

the structares of Figs. 1 and 12 may be used 
as filters for selecting from a wave having hair 
notics, desired ones of the harinonics. In that 
case, the physical dimensions of the dipoles 
and 32 and loops 59 and 5 as related to the 
size of shells determine the band p&SS. charac 
teristics of the filter. When enployed as a fil 
ter, energy in a band of frequencies related to 
the size of the components of the resonant 
cavity is radiated from dipole it or loop 5 
and then selectively transferred to the other 
dipole i32 or loop 52. 

in Fig. 33 there is illustrated a conicoid, par 
ticularly an ellipsoid, which is not a Surface of 
revolution aid in which the three dinnensions 
are all different. For clearness, the shell 83 
is illustrated as Wiewed from three different di 
rections, the relation between those directions 
being indicated respectively by dotted lines 5, 
is 2, and 833, That is, the dotted lines 6 illus 
trate that the length of shell 53 viewed from 
the top and from the front elevation is the Sanne, 
lines 2 illustrate that the height of the shell 
38 viewed from the front elevation or from one 
end is the Saine, and lines 33 illustrate that the 
thickness of shell 3 viewed from the top or 
from the end is the same. 
A Smali loop 3A is placed substantially at One 

focus of the shell 3 and a second Sinal loop 
5 is placed Suhstantially at the other focus. 

It is to be understood that shell 3 does not, 
have true foci but if the dinnensions transverse 
to the long dimension do not differ too greatly, 
the foci of Sections of Sheil is taken thirough 
that long dirnension nearly coincide and may 
fall within the compass of loops Gli and 65. 
Such a condition is tolerable in a band pass fil 
te!". These two loops Sa and 65 are connected 
respectively to a source of high frequency wave 
aid a load (not shown). 
Any plane passing through the two foci, at 

which the loops 64 and 65 are located, cuts 
the shell $3 in an ellipse. Consequently radia 
tion from One of the loops 84 or 65 in that 
plane is resonant at a frequency correspond 
ing to the Size of the ellipse cut by such plane. 
Another plane cutting the shell 6 at a differ 
ent angle and passing through the loops SA and 
A 65 cuts the shell i8 in an ellipse of a different 
Size in which resonance of a different frequency is produced. 
As illustrated in Figure 13, a vertical plane 

through the loops 64 and 65 cuts the largest 
ellipse possible from the shell 60 and a hori 
2Ontal plane through the loops 64 and 65 cuts 
the Smallest elipse in which resonance may be 
produced. These two sections correspond re 
Spectively to the lowest and the highest fre 
Citiency at . Which resonance is produced in the 
Space bounded by the shell f60, and resonance 
is produced at all intermediate frequencies:by in 
termediate sections cut by planes passing through 
the loops 64 and 65. This structure is there. 
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fore a band-pass filter in which the cut-off fre 
quencies correspond respectively to the high 
est, and lowest frequencies described, correspond 
irag respectively to the smallest and the largest 
ellipses in which space resonance is produced. 
In general any conicoid may be excited in ac 

cordance with my invention. So that in at least a 
single plane, space resonance is produced. That 
is, so that in at least that one plane energy re 
turns from all directions in predetermined fixed 
phase relation. 
In Fig. 4 a radiator 70, similar to the radiator 

illustrated in Fig. 3, except that the shells 40 and 
4 are closed for a major part of their circum 
ference, is energized through a concentric trans 
mission line i from a source 77 of pulsed wave 
energy at a Suitable frequency and radiates pulsed 
short bursts of high frequency electromagnetic 
energy represented by arrows 7.2 upward in a 
mountain pass encompassed between two moun 
tain sides 3 and 4. 
A plane, or other object, 75, passing above the 

mountain pass between mountains 73 and 74, 
intercepts the pulsed rediation 2 and reflects 
it back towards the radiator , as indicated by 
arrow AT6. The reflection detector 77, of known 
form, defects such reflected pulsed radiation and, 
if desired, measures the time elapsed between its 
transmission from radiator and its later re 
ception thereby after reflection, thereby indicat 
ing not only the presence of plane 5 but its 
altitude or distance fron radiator 7. 

In Fig. 15 there is illustrated still another 
resonant, cavity bounded by surfaces of revolution 
formed by conic sections rotated about their axes. 
A hyperboloidal shell 80 is placed with its con 
cave side facing an ellipsoidal shell 8, With a 
respective foci coincident at the position of a 
Small loop 82 connected to a concentric trans 
mission line 83 arranged to transmit energy into 
the Space bounded by the shells 8 and 8. 
Energy radiated from the loop 82 toward the 
Shell 3 is reflected from shell 89 as though it 
were radiant from the conjugate focus of the 
hyperbola, defining shell 80. 
perbola, has a focus at the loop 82, and it has 
also a conjugate focus behind the shell 80 from 
which Such energy after reflection from the shell 
8 appears to be radiant. That radiant reflected 
energy from shell 80, upon impinging upon shell 
3 and reflection therefrom is directed back to 

ward the loop 82. 
Energy so reflected Successively once from 

shell 8 and once from shell 3 and so returning 
to loop 32 traverses a circuit, which is the same 
length for energy radiated from loop 82 in all 
directions. Hence, Such energy returns to loop 
82 in the same phase and resonance is estab 

lished at a harmonic series of frequencies de 
termined by the path length. 
In Fig. 16 a graphic illustration is used to dem 

onstrate why energy radiated in any direction 
from loop 82 is, after one reflection from each 
of shells 8 and 8 of Fig. 15, returned to loop 
82 in predetermined phase relation. In this 

figure the X axis is represented by a line 99 and 
the Y axis by a line 92, and a hyperbola, sym 
metrical about both axes, is illustrated as having 
two arms 92 and 93. Revolution of arm 92 
about axis 9 is effective to define the shell 80 
of Fig. 15. The hyperbola, having the two arms 
92 and 93 has respective focal points 94 and 
95. A line 96 drawn from the focus f4 to a 

representative point 97 along the arm of 92 of 

That is, the hy- 3: 
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14 
the hyperbola, represents a ray of energy radiant 
from loop 82 in Fig. 15. 
An ellipse having any desired eccentricity is 

constructed about the two foci 9A and 95, and 
a portion 98 of this ellipse, forming With a part 
of the arm 92 of the hyperbola, a closed Space 
containing the line 95, is illustrated. 

It is a known property of an hyperbola, that 
the tangent at any point thereof bisects the angle 
included by the lines extending from each focus 
to that point (see page 108 of the previously 
identified text on Coordinate Geometry). The 
tangent, 93 at point 97 on the arm 92 of the 
hyperbola, in Fig. 16 therefore bisects the angle A 
between the line SS and the line 200 joining the 
focus 95 with the point 95. Extension of the 
line 2 through point 9 to a point 20 on the 
ellipse 93 forms an angle B between this exten 
Sion 252 and the tangent 99, Such angle being 
equal to the angle C between line 200 and the 
lower part of the tangent 99, Which in turn 
is half the angle A between the line 20 and 
the line 9. In consequence, the angle D between 
line 6 and the tangent, 39 is equal to the angle 
3 between the lie E2 and the taxagent 99. The 
line 232 therefore represents also the path of a 
ray which traveled toward the arm 92 along 
the path 98 and Which was reflected from the 
arin 92 of the hyperbola, at point 97. 
It has been previously explained in Connection 

with Fig. 16 that lines 268-202 and 2e3, joining 
the foci 35 and 9.3 respectively to point 20, 
form equal angles With the tangent to the ellipse 
98 at point 26, because the points 94 and 95 

at the ends of those lines are the foci of the ellipse. 
Consequently, the path 23 is the path of a ray 
reflected from a point 28 of ellipse 98 after 
traveling along path 22 to the ellipse. There 
fore, a ray emitted from focus 94 in any direc 
tion along a representative path i98 is reflected 
from the arm 92 of the hyperbola, along path 282 
and is then reflected from the ellipse 98 along 
12th 23 back to the focus 94. Conversely, a ray 
radiated from the point 84 along a representa 
tive path 293 takes the opposite circuit. 

It is also demonstrated below that the total 
length of the path from focus 94 along the line 
f86 and then along lines 22 and 233 back to the 
focus 36 is always the sane, no matter in what 
angular direction the rays first leave the point 
94. It may be shown that the distances of any 
point aiong an arra of a hyperbola, from the foci 
differ by a constant distance (see page 104 of the 
text on Coordinate Geometry cited previously). 
Futher Cre, as explained in connection with the 
ellipse illustrated in Fig. 6, the sum of the dis 
tances from any point along an ellipse to its foci 
is a constant distance. Therefore (the numbers 
placed Within brackets representing the length 
Of the designated lines in Fig. 16 for convenience 
in fol'ning equations) expressing well known 
properties of an ellipse and an hyperbola: 

(200) minus (196) ski 
(200) plus (202) plus (203) aka 

Subtracting the first of these equations from 
the second: 

(196) plus (202) plus (203) =ic2-ic 

It is therefore demonstrated that the paths 
96, 22 and 2.33 in Fig. 16 represent, the true re 

flection path of a ray radiated from focus 94 in 
any direction and the total length of the three 
reflection paths is always the same no matter in 
What direction the ray be originally radiated, 
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Therefore, energy radiated from loop 32 in Fig. 
15 returns in phase to the loop 8 after Ogle 
complete. circuit, having started fron loop 33 
in any direction, so that the Space lect: Aided 
the. Shells 8 and 3 of Fig. 15 iS Scace re3OX2, 
in the same fashion aS is the case With StrL:CUR3S 
previously described. 

It is evident, froii inspection of e 
structures which I have illustrated that O 
Conicoids or Secord degree ridise 
may be utilized as Surfaces curdi 
which resonance of a single yee is 18 w 
Such resonators are useful for marily purgoses 8 
sides those I have described, and they age in ge:- 
eral useful at utia high frequencies for the Sa Iné 
purposes for which lumped tul Eled circlitS 3G 
lSeful at OWei freceicieS. 
While I have shown and desc;ibed the particulu. 

lar embodiments of inny inventic, it Wii ge of . 
vious to those skilled in the art, that, charges at 
modifications may be inade Witc...it departing 
from my invention in its broader a SpectS, a 3d I, 
therefore, aim in the appended cairns to COV 3: 3. 
Such changes and modification.S as \riti: ;3. 
true Spirit and Scope of Iny iVentioI). 
I claim: 
1. A high quality singly resonant, cavity con 

prising a pair of substantially identical circuia. 
paraboloidal reflecting shells having a comion 
focus, the coacavities of Said Sinals o&ing 2X 
taposed in continuous relation to each Gtiái, 
thereby defining a substantially continuous iner 
space, and means for radiating en&rgy Withi. 
said space at said connor focus wine!"eby raciated 
energy after refection from each of Said shells re 
tErns to said focus in predetermined phaS3 elar 
iOn. 
2. A high quality singly resonant cavity coin 

prising a pair of SibStartially identical curved 
conductive surfaces having a COOInOI focus, eaci. 
of said surfaces being defined by revolution of a 
parabola, about its inhajor axis, Said Surfaces be 
ing substantially coaxially disposed with the Con 
cavities thereof juxtaposed in Contiguous rela 
tion to each other, and nea.EnS for raciating e 
ergy at said common focus whereby radiated ex 
ergy after reflection fron each of Said Surfaces 
returns to Said focus in predeterrillied piaSe 'C- 
lation. 

3. A high quality Singly resona. It CaVity COin 
prising a pair of substantially ideratical confoc8. 
paraboloidal reflecting shells having their co 
cavities juxtaposed in contiguous relation to £ach 
other, an opening in Said cavity communicating 
With outer Space, and means for radiating exergy 
in said cavity at a point Such that the 'adianat ei 
ergy after reflection from each of Said. Shells 
returns to said point in predetermined phase re 
lation and energy is radiated through Said ope:- 
ing into Said Outer Space. 
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4. In combination, a pair of substantially iden 

tical circular paraboloidal reflecting shells having 
a common focus, said shells being disposed with 
the concave sides facing each other, and corona 
discharge means for radiating energy at said 
Coinnon focus, whereby radiant energy after re 
fection from each of Said shells returns to Said 
focus in predetermined phase relation. 

5. In combination, a pair of substantially 
identical curved conductive surfaces having a 
COInnon focus, each of Said Surfaces being de 
fied by revolution of a paraboia, a hot, its major 
axis, Said Surfaces being Substantially coaxially 
disposed With the concavities thereof iuxtaposed 
in Contiguous relation to each other, 3rd corona, 
discharge means for radiating energy at said com 
non focus, Whereby radiant energy after refec 
tion fron each Of Said Surfaces returns to said 
common focus in predetermined phase Irelation. 

6. In combination, a pair of substantially idea. 
tical confocal circuliar paraboloisia refecting 
shells, the concave sides of Said shells being jux 
taposed in coaxial and contiguous relation to each 
Other thereby defining a reflecting cavity, an 
Opening in Said cavity communicating with an 
Outer Space, a cover hermetically Sealing said 
Opening, and cororia, discharge means for radiat 
ing energy Within Said cavity at a point such that 
the radiant energy after reflection from each of 
Said shells returns to said point in predetermined 
phase relation, Said cover being substantially 
transparent to said radiant energy, whereby en 
ergy is radiated through said cover into outer 
Space in a predeteriained direction. 

NATHAN W. A.R.A.V. 
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