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My invention relates to improved means for 
coupling concentric cavity resonators. 
At ultra-high frequencies where wave lengths 

between a few meters and a few centimeters are 
utilized in amplifier and oscillator circuits, con 
centric space-resonant cavities defined between 
three telescoped and radially separated conduc 
tors are often used in combination with an elec 
tron discharge device having its grid coupled to 
the intermediate conductor and its anode and 
cathode coupled respectively to the remaining 
conductors. 
Whether such a resonator apparatus is used 

as an oscillator or as an amplifier, the means 
for coupling the two concentric Space-resonant 
cavities to provide a definite energy disposition 
between them is of great importance. While 
some coupling usually exists because of internal 
capacitance of the electron discharge device, it 
is often desired to augment this internal coupling 
by providing additional feed-back energy, as in 
Oscillator circuits, or to neutralize the internal 
coupling as in amplifier circuits. Such coupling 
means, which may be externally adjusted to vary 
both the phase and magnitude of the coupling 
energy through a wide range, are not only desir 
able but are necessary in many applications. 
While adjustable coupling impedance arrange 
ments have been satisfactorily used in laboratory 
apparatus, they are usually too complicated or : 
cumbersome in practical applications. 

It is an object of the present invention to pro 
wide a means for coupling concentric Space 
resonant cavities which is characterized by com-- 
pactness and by ease of Operation. 

It is a further object of my invention to provide 
an improved adjustable coupling impedance for 
concentric cavities. 
According to my invention, I employ as a cou 

pling impedance a tunable concentric transmis 
sion line section which is coupled to a concentric 
cavity resonator. The outer coupling conductor 
is connected to the outer conductor of the res 
onator, and the inner coupling conductor extends 
through the Outer and intermediate cavity con 
ductors for capacitive coupling with the inner 
cavity conductor. In order to permit adjustment 
Of the phase of the feedback energy, the Outer end 
of the transmission line Section is terminated by 
a plunger which is slidable to vary its electrical 
length. The magnitude of the feedback energy 
is adjusted mainly by axially moving the inner 
coupling conductor to vary the capacitance cou 
pling with the inner cavity conductor. By suit 
ably varying the phase and magnitude of the 
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feedback energy in the coupling impedance, the 
desired operating characteristics of the resonator 
system may be obtained. To extend the range of 
variation of the feedback energy, I additionally 
employ in another embodiment of my invention 
an intermediate concentric conductor attenuator 
connected to the intermediate resonator conduc 
tor and extending radially into the outer coupling 
conductor. The additional conductor is dimen 
Sioned so that it acts as a wave guide below the 
cut-off frequency of the resonator, and hence 
attenuates the coupling energy within it accord 
ing to the distance from the inner resonator con 
ductor. With the inner conductor of the coupling 
impedance adjustably positioned within the at 
tenuator conductor, the magnitude of the feed 
back energy is more easily controlled, and in ad 
dition, since the energy transferred from one 
cavity to the other must travel along the length 
of the attenuator section and back, the physical 
length of the outer coupling may be shortened for 
greater compactness. 
For a better underStanding of my invention, ref 

erence may be had to the following description 
taken in connection with the accompanying dra W 
ing and its scope will be pointed out in the ap 
pended claims. In the drawings, Fig. 1 shows 
an embodiment of my invention in a concentric 
cavity resonator apparatus and Fig. 2 represents 
a modification of my invention. 

Referring now to the drawing, cavity resonator 
apparatus comprising three concentric and mu 
tually telescoped conductors , 2, and 3, Suitably 
consisting of brass and copper, is illustrated in 
Fig. 1. An electric discharge device 4 having 
planar co-axially aligned elementS is coupled to 
the concentric conductors at One end of the res 
onator apparatus. The anode terminal means 5 
of the discharge device is inserted in the end of 
outer conductor of the resonator. A control 
electrode or grid 6, which comprises a planar disk, 
is similarly fitted within the end of the inter 
mediate resonator conductor 2, and the cylin 
drical cathode 7 is connected to the inner res 
onator conductor 3. This type of discharge de 
vice and its mode of connection to a concentric 
cavity is more fully described in Letters Patent 
2,446,017, issued to E. D. McArthur, et al., and 
assigned to the assignee of the present invention. 
If desired, a discharge device so arranged that 
the anode is coupled to the inner conductor and 
the cathode is coupled to the outer conductor of 
the resonator apparatus may be substituted for 
the discharge device 4 shown in the Fig. i. Without 
departing from the spirit of my invention. 
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By virtue of their mutual spacing, the Con 
centric conductors provide in effect a pair of Con 
centric transmission line Sections, each of which 
by proper termination can be made to function 
as a space resonant cavity. Accordingly, the 
outer transmission line section is turned by a 
choke 8 which is slidably mounted on the inter 
mediate conductor 2 and has a cylindrical Sur 
face concentric with the outer conductor and 
insulatingly spaced therefrom. The design and 
function of ultra-high frequency chokes is well 
known and will not be described here. It is to 
be understood, of course, that other suitable 
means for tuning the transmission line Sections 
formed by the conductors , 2, and 3 may also 
be employed. For example, if the proper by 
paSSing capacitance is otherwise provided, a 
short-circuiting plunger may also be used between 
conductors and 2. To tune the outer or anode 
grid cavity defined by the conductors and 2, 
the choke may be moved along conductor 2 to 
a desired position by suitable actuating rods 9 
connected to it and projecting from the end of 
the conductor . A similar choke 0 is provided 
between conductors 2 and 3 to tune the inner 
'O' grid-cathode cavity defined between then. 
Actuating rods connected to the inner choke 
: O may be used to vary its position along the 
length of the conductors. Energy is extracted 
from the anode grid cavity by any suitable out 
put electrode means, one form of which may be 
a capacity coupling defined by a metal plate 2 
in Spaced l'elation with the outer surface of the 
intermediate resonator System conductor 2 at 
a point of high electric field intensity. The plate 
2 is Connected to a concentric transmission line 
Comprising an inner conductor 3 and an outer 
conductor 4 conductively supported from the 
Outer Surface of the outer resonator System con 
ductor f. 
A concentric line coupling impedance 5 which 

may be suitably made of brass or copper tubing 
is employed adjustably to couple the inner and 
Outer cavities of the concentric resonator in 
Order to provide feedback energy of the desired 
phase and amount. The outer coupling con 
ductor 6 of the concentric line impedance is 
conductively Supported at one end thereof to 
the outer conductor of the resonator system to 
couple it with the outer space resonant cavity. 
The inner coupling conductor 7 extends beyond 
the Supported end of the outer coupling con 
ductor into the inner resonant cavity. By rea 
Son of the Spaced relationship between the end 
8 of the coupling conductor ; and the inner 
reSOnator System conductor 3, the inner space 
resonant cavity is capacitively coupled with the 
concentric line coupling impedance. 
The inner end of the conductor 8 preferably 

carries a conductive plate or has an otherwise 
enlarged area, to permit as substantial a degree 
of coupling as desired at the minimum spacing. 
The desired phase relationship of the feedback 
energy is achieved by tuning the concentric line 
section comprising coupling conductors 6 and 7 
With a slidable terminating means such as a short 
circuiting plunger 9 which is slidably adjusted 
along the length of the concentric line in 
pedance by actuating rods 20. The inner cou 
pling conductor f is slidably mounted through 
a central aperture in the plunger f9 and the 
end portion 2 extending through the plunger 
Serves as an actuating means for axially moving 
the inner conductor independently of plunger 
means 9. 
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4. 
When the discharge device 4 is operated to 

energize the concentric space resonant cavities, 
the coupling impedance 5 is adjusted to provide 
the desired transfer of energy between the grid 
anode cavity and the grid-cathode cavity by 
moving the inner coupling conductor 7 to prin 
cipally control the amount of coupling energy 
and by moving the plunger 9 to tune the con 
centric line section to provide the desired phase 
relation between the space resonant cavities. 
It is to be understood, of course, that While Some 
coupling between the anode and cathode of the 
discharge device may exist because of internal 
capacitances between those elements, my adjust 
able coupling means is employed to either Sup 
plement or counteract any Such inherent cou 
pling. 
In the modification of my invention illustrated 

in Fig. 2, conductors 22, 23, and 24 correspond 
ing to conductors , 2, and 3 in Fig. 1 define be 
tween them a pair of concentric Space resonant 
cavities which are Suitably terminated by cloke 
means 25 and 26. In this modification, the 
coupling impedance also comprises a tuned con 
centric line section 27 having an outer conductor 
28 conductively supported at one end by the 
outer conductor 22 of the concentric cavity 
resonator and having a slidable inner conductor 
29 capacitively coupled to inner conductor 24 of 
the resonator. In addition, a third concentric 
conductor 30 which functions as an attenuator 
is connected to the intermediate conductor 23 
of the resonator. The attenuator 30 surrounds 
the inner conductor 29 of the coupling impedance 
and partially extends within the outer conductor 
28 of the coupling impedance. The additional 
conductor 3 is Suitably made of braSS or copper 
tubing and has a sufficiently Small croSS Section 
dimension to serve as a wave guide below cut 
off of the frequency of the inner cavity energy. 
Between the end of the coupling impedance 
electrode 29 and inner conductor 24 of the con 
centric resonator the attenuator provides a defi 
nite means for decreasing the field intensity as 
a function of the distance from the center con 
ductor of the resonator, and hence facilitates 
the use of the coupling electrode 29 for control 
ling the amount of feedback energy to be trans 
ferred. As shown in Figure 2, a short conductor 
3 is preferably connected to the inner cavity 
conductor 24, which conductor extends toward 
the coupling electrode 29 to help guide some of 
the inner cavity energy into the attenuator 3). 
The modified coupling impedance illustrated 

in Fig. 2 is operated in the same manner as the 
apparatuS described in Fig. 1. However, in ad 
dition to the increased facility of control of 
the amount of coupling energy by the use of 
the attenuator 30, the conducting wall of that 
attenuator Section also provides a longer space 
path for the energy between the inner and outer 
cavities of the resonator So that a shorter outer 
conductor 28 may be employed in the impedance 
coupler to obtain the Same range of phase ad 
justment. 
While the present invention has been de 

Scribed by reference to particular enabodiments 
thereof, it will be understood that numerous 
modifications may be made by those skilled in 
the art without actually departing from the in 
vention. I, therefore, aim in the appended 
claims to cover all Such equivalent variations as 
come within the true spirit and scope of the 
foregoing discloSure. 
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What I claim as new and desire to Secure by 
Letters Patent of the United States is: 

1. In an ultra-high frequency electrical ap 
paratus comprising three telescoped conductors 
providing between them a pair of concentric 
cavity reSonators, a concentric line coupling im 
pedance for coupling Said resonators Which con 
priseS ain inner coupling conductor having one 
end capacitively coupied to the inner conductor 
of Said three conductors, the intermediate and 
Outer conductors of said three conductors being 
Suitably apertured to receive said coupling con 
ductor, an outer coupling conductor having one 
end coupled to the outer conductor of Said three 
conductors, a tubular attenuator conductor con 
centrically disposed between said inner and Outer 
coupling conductor having one end conductively 
Supported by the intermediate conductor of Said 
three conductors, Said tubular attenuator con 
ductor being dimensioned below cut-off of the 
frequency of the energy in said resonator ap 
paratus, and means interposed between Said in 
ner and outer coupling conductors at a position 
beyond the other end of said attenuator con 
ductor to determine the effective length of said 
concentric line coupling impedance. 

2. In an ultra-high frequency electrical ap 
paratus comprising three telescoped conductors 
providing between them a pair of concentric 
cavity resonators, a concentric line coupling im 
pedance for coupling Said resonatorS Which com 
prises an inner coupling conductor having one 
end capacitively coupled to the inner conductor 
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of said three conductors, the intermediate and 
Outer conductors of said three conductors being 
Suitably apertured to receive said coupling con 
ductor, said coupling conductor being axially 
movable to Vary the magnitude of Said coupling, 
an Outer coupling conductor having one end 
coupled to the Outer conductor of Said three 
conductors, a tubular attenuator conductor con 
centrically disposed between said inner and outer 
coupling conductor and having one end con 
ductively Supported by the intermediate con 
ductor of Said three conductors, Said tubular 
attenuator conductor being dimensioned below 
cut-off of the frequency of the energy in said 
resonator apparatus, and means interposed be 
tween said inner and outer coupling conductors 
at a position beyond the other end of Said at 
tenuator conductor to determine the effective 
length of said concentric line coupling imped 
ance, Said means being movable to vary the 
phase relation between ultra-high frequency 
energy in Said resonators. 

ANATOLEMI. GUREWITSCH. 
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