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Patented May 24, 1949 2,470,802 

UNITED STATES PATENT OFFICE 

MICROWAWE DEWTCE 

Rene A. Braden, Princeton, N. S., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application August 10, 1943, Serial No. 498,127 
(C. 35-6) 0. Clains. 

This invention relates generally to microwave 
apparatus and more particularly to microWave 
modulation devices employing a plurality of cav 
ity resonators coupied together to provide multi 
resonant tuning characteristics. 
In ultra-high frequeney receiving Systerns, it 

is often desirable to employ cavity resonators as 
turning elements because of their inherently sharp 
resonant characteristics and high efficiency. 
However, in modulation circuits for combining 
input signals and Oscillations from a local source 
of different frequency than the frequency of the 
input signals, the sharp resonant characteristics 
of cavity resonators have prevented efficient cou 
pling of both Signal and OScillator frequencies. 
The instant invention contemplates a unique 

modulator device comprising a toroidal cavity 
resonator and means for generating an electron 
beam which is modulated by Variations in eiec 
tric field intensities established within the cavity 
resonator by input signals and local oscillations 
coupled thereto. Signals from an ultra-high fre 
quency antenna, are coupled to the cavity resona 
tor by means of a coupling loop extending into 
the cavity resonator. Similarly, a source of local 
oscillations of a frequency different from the 
input signal frequency is coupied to the cavity 
resonator by means of a second coupling loop 
extending into said resonator. The electron 
beam is generated by a conventional thermionic 
cathode and passes through apertures in the 
constricted center portion of the cavity resona 
tOr to an anode electrode disposed adjacent one 
of Said apertures. The cavity resonator is tuned 
to the mid-frequency between the signal fre 
quency and the local oscillation frequency. 
A second cavity resonator tuned to the same 

mid-frequency is coupled to the first cavity reso 
nator by means of fixed or adjustable coupling 
means. The coupling should be fixed, or ad 
justable, to the value which causes the system 
as a whole to be resonant to both signal and 
Oscillator frequencies. 
tors may be enclosed within a single evacuated 
envelope, or the second cavity resonator may 
be disposed outside of the evacuated envelope. 
Warious modifications of the structure described 
heretofore are illustrated in the accompanying 
drawings and described in greater detail herein 
after. Intermediate frequency signals may be 
derived from the anode electrode Within the evac 
luated envelope and applied to a conventional 
intermediate frequency amplifier for subsequent 
final detection and amplification. W 

- it should be understood that the various. emi 
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bodiments and modifications gf the invention dis 
closed herein have been limited to first detector 
circuits suitable for ultra-high-frequency receiv 
erS merely for the purpose of simplifying the ex 
planation thereof. Broadly, the invention may be 
applied to various other radio tuning and modu 
lation circuit. elements: where multi-frequency, or 
band-pa-SS characteristics, are desired. 
Among the objects of the invention are to pro 

Vide-an-in proved method of and means for apply 
ing Signals of a plurality of frequencies to a 
cavity resonator. Another object of the inven 
tion is... to provide an improved method of and 
means for applying Signals of both input signal 
frequencies and local oscillation frequencies to: 
a Cavity resonator type ultra-high-frequency de 
tector. Another object of the invention is to 
provide alia improved cavity resonator type ultra 
high-frequency modulation device comprising an 
evacuated envelope enclosing a cavity resonator 
tuned to an operating frequency wherein an elec 
tric field is established for modulating electrons. 
passing through a constricted portion of said cav 
ity resonator, and means for coupling to said 
cavity resonator a second cavity resonator tuned 
to the Same Operating frequency in a manner 
providing resonance. at two operating frequen 
Cies. Another object of the invention is to pro 
vide an improved ultra-high-frequency modula 
tion device including two cavity resonators turned 
to the same or different operating frequencies 
and coupled together to provide a multi-resonant 
device, and means for modulating an electron 
bean by directing said beam through one of said 
cavity resonators. 
A further object of the invention is to-provide 

an improved ultra-high-frequency first detector 
circuit for an ultra-high-frequency superhetero 
dyne receiver whereira band-pass turning charac 
teristics are provided by a plurality of cavity 
resonators coupled to a cavity resonator enclosed 
Within an evacuated envelope, wherein an elec 
tric field may be... established within the enclosed: 
cavity resonator to modulate an electron beam: 
in accordance with input signal frequency sig- . 
inals and frequencies from a source of local oscil 
lations. An additional object of the invenition 
is to provide means for coupling a plurality of 
cavity resonators tuned to the same or different 
operating frequencies to provide multi-frequency. 
Or band-pass characteristics in at least one of 
of Said cavity resonators. 
The invention will be further described by ref 

erence to the accompanying drawings of which, 
Figure 1 is a Schematic circuit diagram of one: 
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embodiment thereof; Figure 2 is a schematic 
circuit diagram of a second embodiment thereof; 
Figure 3 is a schematic circuit diagram of a 
modification of the embodiment disclosed in Fig 
ure 2; Figure 4 is a Schematic circuit diagram 
of a third embodiment of the invention and Fig 
lure 5 is a schematic circuit diagran of a modi 
fication of the embodiment of the invention dis 
closed in Figure 4. Similar reference characters 
are applied to similar elements throughout the 
drawing. 

Referring to Figure 1, an evacuated envelope 
encloses a cathode 2, heated by a heater element 
3, and an anode electrode 4. Connections are 
brought out through the evacuated envelope for 
the cathode heater and anode electrodes. A con 
ventional toroidal cavity resonator, having aper 
tures 5 at its center constricted portion, is dis 
posed between the cathode 2 and anode 6 in such 
a manner that the electron bean between the 
Cathode and anode electrodes passes through the 
apertures 5 of the cavity resonator 6. A first 
coupling loop 7 extending into the cavity resona 
tor 6, is connected to a receiving antenna 8. A 
Second coupling loop 9, also extending into the 
cavity resonator 6, is connected to a source of 
local oscillations 0. A third coupling loop , 
extending into the cavity resonator 6, is coupled 
to a second cavity resonator 2 which is disposed 
outside of the evacuated envelope . The cou 
pling to the second cavity resonator 2 is pro 
vided by a coupling loop 3 extending therein. 
The coupling loops and 3 Within the first 
and second cavity resonators 6, 2, respectively, 
are coupled together by an adjustable coupling 
device 4 illustrated herein as a pair of parallel 
disposed coupling loops 5, 6. It should be 
understood that any other adjustable means of 
coupling the loops , 3 in the two cavity resona 
tors may be employed to equal advantage. The 
second cavity resonator 2 is tuned to resonate 
at the frequency of the source of local oscillations 
O. If desired, both cavity resonators may be 

tuned to the mid-frequency between the signal 
and Oscillator frequencies. 
The effect of coupling the two cavity resonators 

6, 2, by means of the coupling circuit described, 
is to provide a device which responds efficiently 
at both Signal input and local oscillation fre 
quencies. The effect is quite similar to providing 
relatively large mutual coupling between con 
ventional resonant circuits tuned to the same or 
slightly different operating frequencies. Since 
the first cavity resonator 6 is thereby caused to 
have two degrees of freedom, an electric field 
Will be established therein at both the signal 
input and local oscillation frequencies, and will 
modulate the electron beam accordingly. There 
fore, a modulation frequency equivalent to the 
Sum or difference between the signal input and 
the local oscillation frequencies may be derived 
from the anode electrode 4 and applied, through 
an inductively coupled output circuit, to the input 
of a conventional intermediate frequency ampli 
fier, not shown. 

Figure 2 discloses a second embodiment of the 
invention which is similar to that described in 
Figure 1, but wherein the two toroidal cavity 
resonators, 6, 2 respectively, disposed in parallel 
planes, are enclosed. Within a common evacuated 
envelope . The cavity resonators may be tuned 
halfway between the signal input and the local 
Oscillation frequencies. The two resonators in 
tersect at the points 7 and include a common 
aperture f8 to provide a desired degree of cou 
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4. 
pling therebetween. The size of the common 
aperture 8 between the cavity resonators 6, 2 
will determine the coupling between the two 
resonators and thus the band-pass characteristics 
of the device. The first cavity resonator includes 
apertures 5 at its constricted center portion which 
permit an electron beam to pass from the cathode 
2 to the anode 4 in the same manner as de 
Scribed heretofore in Figure 1. The operation of 
the devices of Figure 1 and Figure 2 are identical 
except that in the latter device fixed coupling 
is provided between the two cavity resonators. 
The center portion of the device of Fig. 2 may be 
Supported by radial arms extending therefrom 
acroSS the aperture 8 to the junction 7 of the 
oute resonator shells 6, 2. 

Figure 3 is a modification of the embodiment 
disclosed in Figure 2 wherein the toroidal cavity 
resonators intersect only at the point is of the 
outer peripheral portions of the first and second 
cavity resonators S, 2 respectively. She two 
cavity resonators 6, 2, respectively, are tuned to 
the signal input and local oscillation frequencies, 
or to the mean of said signal and oscillator fre 
quiencies, and the structure of the device is iden 
tical in all other respects to that of the device 
described in Figure 2. 

it should be understood, however, that the 
coupling loops and 9 from the signal input 
circuit 8 and the source of local oscillations 0, 
respectively, may be coupled to either the second 
cavity resonator 2, or to the first cavity resonator 
6 as indicated by the Switches S, S2. The essen 
tial difference between the modifications disclosed 
in Figures 2 and 3 is in the Overall shapes thereof, 
Since the operating electrical characteristics of 
both devices are substantially identical and cou 
pling is obtained between the two resonant cavi 
ties 6, 2 respectively, by means of the common 
aperture 8 therebetween in the same manner 
as described in Figure 2. 

Figure 4 is similar to the device described in 
Figure i with the exception that separate tuning 
means have been provided for the signal input 
and local Oscillation coupling circuits. The 
evacuated envelope includes a cathode 2, heater 
element 3 and anode electrode 4, and a first 
toroidal cavity resonator 6 having apertures at 
the constricted center portion wherein the aper 
tures 5 are in the path of the electrons from 
the cathode to the anode electrode 4. 
The Source of local Oscillations O is connected 

through a coupling loop 2 to a second cavity 
resonator 22, which may be tuned by means of 
a tuning screw 23 extending therein. The second 
cavity resonator 22 includes an output coupling 
loop 24. Which is connected through a conven 
tional trombone line adjusting unit 25 and con 
centric transmission line 26 to an oscillator fre 
quency coupling loop 9 extending into the first 
toroidal cavity resonator 6. The first and second 
cavity resonators S, 22 are tuned to a frequency 
midway between the signal and local oscillator 
frequencies, and are so coupled that there are 
two resonant frequencies corresponding to the 
Signal and oscillator frequencies. 

Signals derived from the antenna, 8 are cou 
pled to a third cavity resonator 27 by means of 
an input coupling loop 28. The resonant fre 
quency of the third cavity resonator 2 is ad 
justed to the signal frequency, and may be war 
ied by means of an adjusting screw 29 which 
Varies the Spacing between the constricted center 
Side Walls of the toroidal cavity, thus resulting 
in broadened resonance at the signal frequency, 
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An output coupling loop 30, extending into the 
third cavity resonator. 27, is coupled, through a 
second trombone line adjusting unit 3i, to the 
signal input coupling loop 7 in the first cavity 
resonator 6, enclosed within the evacuated en 
velope . 

Figure 5 shows a typical modification of the 
signal input circuit of Figure. 4 wherein a bal 
anced. input. loop 35 is connected to the signal 
input loop. 7 of the first cavity resonator 6 
which is enclosed within the evacuated en 
velope . The characteristics of the apparatus 
within the evacuated envelope are identical to 
that described in Figure. 4. The antenna, 8 is 
connected to predetermined-points on the bal 
anced loop. 35 to provide effective, coupling there 
to. The balanced loop circuit, 35 is tuned by 
means of a tuning stub. 36 connected thereto, at 
a second predetermined point. The tuning stub 
36 is tuned by means of a shorting bar 37. 
A second coupling loop 9, extending into the 

resonant cavity 6 within the evacuated envelope 
f, may be coupled to the source of local OScilla 
tions 0 in the same manner as described and 
illustrated in Figure 4. 
Thus the invention described comprises SeW 

eral embodiments and modifications of a unique 
ultra-high-frequency modulation device emi 
ploying a plurality of cavity resonators to pro 
vide multi-frequency or band-paSS frequency 
response. 

I claim as my invention: 
1. Multi-resonant microwave apparatuS in 

cluding two resonant devices each tuned to pre 
determined resonant frequencies, said resonant 
devices being mutually coupled together, means 
coupled to only one of said devices for establish 
ing therein standing waves at two different fre 
quencies, a predetermined one of Said devices 
being adapted to have an electric field estab 
lished in a predetermined direction therein, and 
means coupled to only said predetermined one of 
said devices defining an electron beam path ex 
tending through only said predetermined device 
in a direction parallel to the path of Said electric 
field whereby said electron beam is modulated 
by both of Said Wave.S. 

2. Apparatus as claimed in claim 1 including 
means coupled to one of said devices for de 
riving signals from said one of Said devices in 
response to said modulated electron beam. 

3. Multi-resonant microwave apparatus in 
cluding two intersecting cavity resonators mu 
tually coupled together and tuned to be mutually 
resonant at two different frequencies, means 
coupled to said resonators for establishing there 
in standing waves at each of said frequencies, 
a predetermined one of said devices being adapted 
to have an electric field established in a pre 
determined direction therein, and means coupled 
to only said predetermined one of Said resonators 
defining an electron beam path extending through 
only said predetermined resonator in a direction 
parallel to the path of said electric field to modul 
late said beam at both of Said frequencies. 

4. Multi-resonant microwave apparatus includ 
ing two cavity resonators mutually coupled to 
gether and differently tuned to be mutually res 
onant at two different frequencies, means cou 
pled to said resonators for establishing therein 
standing waves at each of Said frequencies, a 
predetermined one of said devices being adapted 
to have an electric field established in a prede 
termined direction therein, and means coupled to 
only said predetermined one of Said resonators 
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6. 
defining an electronbeat path extending through 
Only said predetermined resonatorin a direction. 
parallel to the path.ofsaid:electric field to module 
late Said beam at both of said, frequencies. 

5. Multi-resonant, microwave apparatus - in 
cluding two coaxial intersecting cavity reso 
nators' mutually coupled" together and tuned to 
be mutually resonant at, two, different, frequerit 
cies, means coupled to said resonators:for estab: 
lishing therein standing waves at each of said 
frequencies, a predtermiaed one of Said, de 
vices being adapted to have: an: electric field: ess 
tablished in a. predetermined direction: thierein, 
and means coupled; tos only said predetermined 
one of said:resonators defiring an electron beam 
path extending through: only said:predetermined 
resonator in; a , direction: parallel to the paths of 
said electric field to nodulate:said: beam at both 
of said frequencies. 

6. Multi-resonant, microWave apparatus in 
cluding two coaxial toroidal cavity resonators 
mutually coupled together and tuned to be mu 
tually resonant at two different frequencies, 
means coupled to said resonators for establish 
ing therein standing waves at each of said fre 
quencies, a predetermined one of said devices 
being adapted to have an electric field estab 
lished in a predetermined direction therein, and 
means coupled to only Said predetermined one 
of said resonators defining an electron beam 
path extending through only said predetermined 
resonator in a direction parallel to the path of 
said electric field to modulate said beam at both 
of said frequencies. 

7. Multi-resonant microwave apparatus in 
cluding two cavity resonators having adjacent 
similar portions mutually coupled together and 
tuned to be mutually resonant at two different 
frequencies, means coupled to said resonators 
for establishing therein standing waves at each 
of said frequencies, a predetermined one of said 
devices being adapted to have an electric field 
established in a predetermined direction there 
in, and means coupled to only Said predeter 
mined one of said resonators defining an elec 
tron beam path extending through only said 
predetermined resonator in a direction parallel 
to the path of said electric field to modulate said 
beam at both of said frequencies. 

8. Multi-resonant microwave apparatus in 
cluding two cavity resonators having adjacent 
peripheral portions mutually coupled together 
and tuned to be mutually resonant at two dif 
ferent frequencies, means coupled to said resO 
nators for establishing therein standing waves 
at each of said frequencies, a predetermined 
one of said devices being adapted to have an 
electric field established in a predetermined di 
rection therein, and means coupled to only said 
predetermined one of said resonators defining 
an electron beam path extending through only 
said predetermined resonator in a direction par 
allel to the path of said electric field to modul 
late said beam at both of said frequencies. 

9. Multi-resonant microwave apparatus in 
cluding two resonant devices each tuned to the 
same resonant frequencies, said resonant devices 
being mutually coupled together, means coupled 
to one of said devices for establishing therein 
standing Waves at two different frequencies, a 
predetermined one of said devices being adapt 
ed to have an electric field established in a pre 
determined direction therein, and means 
coupled to only said predetermined one of Said 
devices defining an electron beam path extend 
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ing through only said predetermined device in REFERENCES CITED 
a direction parallel to the path of said electric f d 
field whereby said electron beam is modulated ne's giving references are of record in the 
by both of Said waves. w 

10. Multi-resonant microwave apparatus in- 5 UNITED STATES PATENTS 
cluding two resonant devices each tuned to pre- unber Nanne Date 
determined resonant frequencies, said resonant 2,190,515 Hahn Feb. 13, 1940 
devices being mutually coupled together, tun- 220.6986 Fraenckel I. May 4, 1946 
able means coupled to one of said devices for 2.24563 varian June ii. 1541 
establishing therein standing waves at two dif- 10 2261130 Applegate- T Now 4. 1941 
ferent frequencies, a predetermined one of said 2272165 varian et al. Feb. 3, 1943 
devices being adapted to have an electric field 2280,026 Brown April 1543 
established in a predetermined direction there- 2,280.824 Hansen et al...Agr. 28, 1543 
in, and means coupled to only said predeter- 2281,935 Hansen et al. May 5, 1943 
mined one of said devices defining an electron 15 2.293,151 Linder ------------ Aug. 18, 1942 
beam path extending through only said prede- 2,312,919 Litton ------------- Mar. 3, 1943 
termined device in a direction parallel to the 2,329,778 Nergaard --------- sept. 2, 1943 
path of said electric field whereby said electron 2,406,370 Hansen et al. ------ Aug. 27, 1946 
beam is modulated by both of said Waves. 2,409,693 Okress ------------ Oct. 22, 1946 

RENE A. BRADEN. 20 

  


