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UNITED STATES PATENT OFFICE 
2,451,825 

OSC LLATOR, TUBE WITH TUNABLE 
COAXAL RESONATOR, 

John J. Guarrera, Astoria, Long Island, N.Y., as 
signor, by mesne assignments, to the United 
States of America as represented by the Secre 
tary of War 

Application August 1, 1945, Serial No. 608,303 
(C. 315-39) Claim. 

1. 
This invention relates to ultra high frequency 

generators and more particularly to cavity oscil 
lators. 
Systems have been developed in the prior art 

for producing oscillatory electrical energy by 
means of Suitable apparatus associated with cav 
ity resonators. Means have been provided for 
adjusting the frequency of oscillation of said 
energy by Suitable tuning arrangements asso 
ciated With the cavity resonator. 
As is Well understood in the art, however, it 

would be desirable to provide simple and effective 
means that will cause the frequency of the oscil 
lations to change over a limited range in a pre 
determined periodic fashion. 

It is an object of this invention, therefore, to 
provide a system for causing the frequency of the 
electrical energy derived from a cavity type oscil 
lator to change in a predetermined periodic man 
ner Over a predetermined range of frequencies. 
In accordance with the present invention there 

is provided a cavity type oscillator with means 
aSSociated With said cavity for changing the elec 
trical characteristics of said cavity in a predeter 
mined periodic manner. 

For a better understanding of the invention 
reference is had to the following description taken 
in connection with the accompanying drawings 
in Which: 

Fig. 1 is a longitudinal sectional view of an 
Oscillator employing the present invention; 

Fig. 2 is a croSS Sectional view of the oscillator 
of Fig. 1 taken along the line 2-2' in Fig. 1; and 

- Fig. 3 is a block diagram of a basic oscillator 
circuit. 

Referring now more particularly to Fig. 1, there 
is shown a type of cavity oscillator employing the 
present invention. In this embodiment of the 
invention a type of three-element vacuum tube 
to known to the art as a lighthouse triode is used. 
A coaxial line having an outer conductor f f and 
an inner conductor 2 is used to form a resonant 
cavity. Cathode ring 3 of tube fo makes con 
tact with the conductor . The lighthouse triode 
tube is constructed so that there is no direct 
current connection between cathode ring 3 and 
the actual cathode (not shown) of the tube. The 
cathode is connected to cathode ring 3 through 
an alternating-Current path for Oscillatory en 
ergy. Since only the oscillatory energy circuit is 
discussed, the terms “cathode' and “cathode 
ring' will be used synonymously, and in any con 
nection made to cathode ring 3 it will be as 
sumed that a connection is made to the cathode 
of the tube. An opening 4 is formed in con 
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ductor 2 so as to receive the anode cap 6 of 
tube 0. Conductor 2 makes electrical contact 
With anode cap 6. A cylindrical sleeve T is so 
placed in the space between conductors if and 2 
that it makes contact with grid ring 8 of tube 0. 
Sleeve is coaxially located with respect to con 
ductors and 2. An adjustable plunger 9 is 
disposed in the Space between conductors f and 
2. Plunger 9 is so constructed that conductor 

is effectively short circuited to conductor 2 
for Oscillatory energy by a capacitative path with 
out providing a path for direct current. 
A rotatable element 22 is placed in the space 

between conductors f and 2 at some point be 
tWeen plunger 9 and the base of tube O. The 
location of element 22 is more clearly shown in 
Fig. 2. Conductors and 2 and element 22 in 
Fig. 2 are numbered to correspond with Fig. 1. 
In the present embodiment of the invention, ele 
ment 22 is an elliptical cylinder that is so con 
structed that the outer wall of the cylinder is 
Substantially an equipotential surface. One 
method of obtaining the desired equipotential 
Surface would be to form cylinder 22 of metal or 
dielectric material that has been silver-plated on 
the Surfaces indicated by the heavy line 23. Ele 
ment 22 is supported on a dielectric rod 24 which 
passes through an opening 26 in radio frequency 
choke 27. Choke 27 may be designed so that the 
impedance at the point where choke 27 joins con 
ductor is very low. Rod 24 is coupled to shaft 
28 of motor 29. 

Referring now to Fig. 3, there is shown a block 
diagram of a basic oscillator circuit employing a 
triode vacuum tube 35 having an anode 36, a grid 
37, and a cathode 38. An impedance 39 is con 
nected between grid 37 and cathode 38; an im 
pedance 40 is connected between cathode 38 and 
anode 36, and an impedance 4f is connected be 

40 tween anode 36 and grid 37. 
In the operation of the type of oscillator shown 

in Figs. 1 and 2 a cavity resonator formed by 
sleeve T and conductor 2 is connected between 
grid f8 and anode 6. A cavity resonator formed 
by conductors and 2 and plunger 9 is con 
nected between anode 6 and cathode 3. The 
operation of this type of Oscillator is well known 
to the art and, therefore, no explanation of the 
function of the various elements will be given 
herein. 
In the basic OScillator circuit shown in Fig. 3 it 

is known that if the circuit is to generate elec 
trical energy of an OScillatory nature, impedances 
39 and 40 must be of the same type, that is both 
inductive or both capacitive, and impedance 4 
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must be inductive when impedances 39 and 40 
are capacitive and capacitive When they are in 
ductive. It is also known that if any one of 
impedances 39, 40 and 4 is changed, the fre 
quency of oscillation of the energy generated by 
the circuit Will be changed. 

It can be seen from a study of Fig. 1 that the 
cavity formed by conductors and 2 and 
plunger 9 forms at least a part of an impedance 
corresponding to the impedance 40 of Fig. 3. 
Varying the effective impedance of this cavity of 
necessity changes the total impedance between 
anode 6 and cathode 3. It is well known to the 
art that the impedance or tuning of this cavity 
may be varied by moving plunger 9 in an axial 
direction with respect to conductor 2. It can be 
seen, however, it is not feasible to use plunger 
9 for a continuous periodic variation of the 

tuning of the cavity since plunger 9 must make 
a sliding fit on one or both of conductors and 
2. Also, relatively small changes in position of 
plunger 9 causes large changes in the tuning of 
the cavity. It would require elaborate mechani 
cal arrangements to cause plunger 9 to move in 
such a manner as to produce relatively small pe 
riodic changes in frequency of the electrical 
energy produced by the system. Plunger 19 is, 
therefore, used to select a base frequency about 
Which the frequency of oscillation will be varied 
by other elements of this invention. As is known 
to the art, the tuning of the cavity may be varied 
by connecting a conventional type of capacitor 
between conductor and conductor 2. This 
capacitor would have to be variable in order to 
change the frequencies in the manner desired. 
It Would be difficult to provide means for suitably 
Connecting a conventional capacitor between con 
ductors and 2 for changing the capacitance of 
the Variable capacitor in the desired manner. 
This invention, however, provides a type of var 
iable capacitance between conductor and con 
ductor 2. 

It can be seen that when the longer axis of the 
ellipse 22 is perpendicular to the axis of conduc 
tor 2, the space between the cylinder and con 
ductors and f2 is very small. The effective 
capacitance between conductors if and 2, there 
fore, is large at this point. When the cylinder 
22 is rotated so that the shorter axis of the ellipse 
is perpendicular to the axis of conductor 2, the 
Space between the cylinder and conductors and 
2 is considerably greater. The effective capaci 
tance is, therefore, reduced. As has already been 
stated, changing the capacitance between con 
(ductors if and 2 will change the tuning of the 
cavity and the frequency of oscillation of the elec 
trical energy produced by this system. In this 
embodiment of the invention elliptical cylinder 
22 is supported on a polystyrene rod 24 which is, 
in turn, adapted to be mounted on shaft 28 of 
motor 29. Shaft 28 passes through an opening 
26 in choke 27. It is not necessary to provide 
a bearing at the opening 26 in choke 27 for the 
polystyrene rod 24 since the bearings of motor 
29 provide sufficient support for rod 24 and ele 
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4. 
ment 22. It is obvious that the speed of rotation 
of element 22 may be controlled by suitable con 
trols associated with the Source of energy for 
motor 29. 
The operation of this invention may be sum 

marized as follows. Lighthouse triode 0 and its 
asSociated cavities are so designed that they will 
produce oscillatory electrical energy. The anode 
cathode cavity is provided with two adjustments. 
Plunger 9 selects the base frequency at which 
the System oscillates, and element 22 provides a 
means for periodically varying the frequency 
over a predetermined range. 

It should be understood that while element 22 
has been described as an elliptical cylinder, any 
other shape suitable for the purpose may be used 
if desired. Moreover, the invention is not limited 
to the particular type of cavity oscillator shown 
but may be used with any type of cavity oscilla 
tor whose frequency may be varied by a rotating 
element similar to element 22. Thus, while there 
has been disclosed what is at present considered 
the preferred embodiment of the invention, it will 
be recognized by those skilled in the art that 
various changes and modifications may be made 
therein without departing from the invention, 
I claim: 
An OScillator comprising an electron tube hav 

ing grid, anode and cathode terminals, first, sec 
ond and third cylindrical conductors coaxially 
arranged and Connected to said terminals, said 
first and second conductors forming a resonator 

- between said anode and said grid terminals, said 
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Second and third conductors forming a resonator 
between Said grid and cathode terminals, said 
first and third conductors defining a resonator 
between said anode and cathode terminals, an 
adjustable plunger interposed between said first 
and third conductors, said plunger providing a 
capacitative short circuit for radio frequency cur 
rents, an elliptical cylinder interposed between 
said first and third conductors, a conductive coat 
ing on said cylinder, the axis of said cylinder 
being transverse to the common axis of said con 
ductors, a dielectric shaft axially supporting said 
cylinder, said shaft projecting through an open 
ing in said third conductor, a motor for driving 
said shaft whereby said cylinder is rotated to 
periodically vary the effective capacitance be 
tween said first and third conductors. 

JOHN J. GUARRERA. 

REFERENCES-CTED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
2,153,728 Southworth -------- Apr. 11, 1939 
2,306,282 Samuel ----------- Dec. 22, 1942 
2,312,919 Litton -------------- Mar. 2, 1943 
2,411,424 Gurewitsch -------- Nov.19, 1946 
2,427,100 Kihn --------------- Sept. 9, 1947 
2,432,989 Gurewitsch ------ Dec. 23, 1947 


