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This invention relates to an electric wave resonator 
which may be varied in resonant frequency. 
Our improved resonator may be used as a variable fre 

quency oscillator, as a cavity type frequency meter, as 
a tuned load for a broad band amplifier, or in other 
situations where a resonator is required to cover a 
resonant frequency which may be varied over a broad 
range. For the purpose of illustration, the invention will 
be illustrated and described as applied to a variable fre 
quency oscillator. 
A broad object of the invention is to design a resonator 

which may be variably tuned over a wide range of fre 
quencies within the very high and ultra high frequency 
bands. For example, our improved resonator can be de 
signed to cover the range from 20 megacycles per second 
to 1,000 megacycles per second, which provides a tuning 
ratio of 50 to . 
Another object is to design a coaxial cavity resonator 

which has a short physical length for the range of fre 
quencies covered by the resonator. This object is at 
tained by forming the center conductor of the resonator 
as a helix over the low frequency range. 

Still another object is to design a resonator having a 
desirable frequency-displacement characteristic. 
A further object is to provide a novel filter or choke in 

the connections for energizing the filament of the oscil 
lator tube. 

Figure 1 of the accompanying drawing is a diagram 
matic representation of one embodiment of the invention 
applied to a variable frequency oscillator. 

Figure 2 of the drawing is a curve showing the fre 
quency-displacement characteristic of the oscillator of 
Figure 1. 

Figure 3 shows a modified form of resonator. 
Referring to Figure 1, the resonator is formed of a 

length of coaxial cable having a tubular outer conductor 
, and a center conductor 2 which also is of tubular form. 

Conductors and 2 are supported so that they are in 
sulated from each other at one end of the cable section, 
and the length of the cavity in the resonator is varied by 
means of a short-circuiting slider 3 which surrounds cent. 
ter conductor 2 and is provided with two sets of resilient 
contact fingers for making good electrical contact with 
the outer and inner conductors respectively. As will be 
understood, the resonant frequency of the cavity de 
creases as the slider 3 moves away from the open end of 
the resonator. For the purpose of shortening the physi 
cal length of the resonator for the frequency range to 
be covered, the low frequency end of the center conduc 
tor 2 is constructed as a helix, and this may be accom 
plished simply by cutting a helical slot 2a in the tubular 
conductor 2. As shown in Figure 1, the pitch of the slot 
2a increases from the low frequency end of the resonator 
towards the high frequency end, and the slot 2a is termi 
nated short of the free end of the center conductor so 
that a solid section of tubular conductor 2 is used to cover 
the high frequency portion of the tuning range. 
The term "pitch” refers to the distance between turns 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
of the helix along the axis of the resonator, and it will 
be observed that the number of turns per inch along the 
axis increases progressively towards the low frequency 
end of the resonator. 

It is preferred to form the helical gap 2a of a width 
of only a fraction of a millimeter so as to insure good 
metallic contact between the helical conductor and the 
maximum number of fingers of the slider 3. 
Over the high frequency range of movement of the 

slider, say from 500mc./s. to 1000 mc./s., the slider ex 
poses only the solid tubular section of the inner conductor 
2, and the cavity resonates in the normal coaxial trans 
mission modes. In the low frequency range of tuning, 
the tuning slider or plunger exposes a center conductor 
which consists essentially of a coil. The inductive load 
ing of the center conductor reduces the axial velocity of 
propagation. The result is that the antiresonant fre 
quency of the cavity is low by comparison with the short 
physical length of the resonator. 

In using the resonator in an oscillaation generator, the 
free end of the inner conductor 2 is connected to the 
plate electrode of a suitable electron tube 4, such as a 
6F4 triode. The cathode heater filament is energized 
from a suitable source of current, and the leads to the 
filament include a two-wire choke coil 5 positioned within 
a metallic housing 6 which is grounded and also con 
nected with the outer tubular conductor 1 of the resona 
tor. The filament leads are introduced into the casing 6 
by means of conventional button condensers shown in the 
drawing. Each lead includes one conductor of the two 
wire solenoid 5. 
The negative terminal (B-) of a suitable source of 

plate current is connected to one filament lead through 
an adjustable biasing resistor 7, and the grid of tube 4 
is connected through a high resistance element 8 to the 
negative end of resistor 7. Condenser 9 represents the 
capacity provided by a button condenser through which 
the grid lead of the tube 4 is introduced into the casing 
6, the tube 4 being mounted on this casing. This button 
condenser, for the range of frequency indicated above, 
would have a capacity value of approximately 2,000 
micro-microfarads. 
From Figure 1 it will be seen that the coaxial resonator 

constitutes a tank circuit connected between the plate 
and grid elements of tube 4. In order for this arrange 
ment to oscillate over a wide range of frequency it is 
necessary for the direct current return path between the 
grid and the cathode to have a high impedance value 
over the entire frequency range. This is provided by 
the two-wire choke coil 5 arranged in the supply leads of 
the cathode heater filament. 

If the coil is designed so that its antiresonant frequency 
is in the neighborhood of, or below, the lowest frequency 
of the resonator, it will provide the necessary high im 
pedance in the grid-cathode return path throughout the 
tuning range. The coil, preferably, should be a single 
layer, air-cored coil. - 

Instead of having the resonant chamber formed of an 
open-ended coaxial section, the chamber may be com 
pletely closed. For example, as shown in Figure 3, the 
outer tubular conductor 1 may be extended beyond the 
end of the inner tubular conductor 2, and the end of the 
outer conductor may be closed by a conducting wall 
1a Spaced from the insulated or free end of the inner 
conductor 2. If desired, the insulated end of the inner 
tubular conductor may also be closed by a conducting 
wall arranged parallel with the end wall a. The con 
nection from the insulated end of the inner conductor 2 
to the anode of oscillator tube 4 may be brought out of 
the resonator through an opening in the side wall of 
the outer conductor 1, as shown. In all other respects 
the construction would be the same as shown in Figure 1, 
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Figure 3 also shows a suitable arrangement for move 
ment of the tuning slider 3 within the resonator. This 
involves a pair of rods 3a and 3b secured to the slider on 
opposite sides thereof and passing through suitable bear 
ings in the end wall of the resonator which supports one 
end of the inner conductor. The outer ends of rods 3a 
and 3b are joined by a cross-head 3c. The slider may be 
moved by moving the cross-head 3c manually, or through 
any Suitable operating mechanism. 

While the size of the resonator cavity is varied by 
means of a movable slider having short-circuiting fingers 
engaging the inner and outer conductors, it will be under 
stood that any other suitable form of movable wall 
section may be employed for varying the axial length of 
the resonator. Also, the size of the cavity may remain 
fixed and helical conductor 2 may be mounted for axial 
movement into the cavity through an opening therein. 
We claim: 
1. A broad-band resonator comprising a resonant 

chamber formed of conducting inner and outer tubular 
members arranged in concentric relation on a common 
axis, an annular short-circuiting slider mounted in the 
space between said inner and outer tubular members and 
forming one end wall of said chamber, said annular slider 
being mounted for sliding movement along said axis to 
vary the length of said chamber, said tubular members 
being insulated from each other at the other end of said 
chamber, a portion of said inner tubular member at the 
insulated end thereof being formed of a solid tubular sec 
tion extending over a portion of the range of movement 
of said slider, the remainder of said inner tubular mem 
ber being formed as a tubular helix. 

2. A cavity resonator according to claim 1 wherein the 
pitch of the turns of the helical section of the inner 
tubular member progressively decreases towards the 
lower frequency end of the range of movement of said 
slider. 

3. A resonator according to claim 1 wherein the outer 
tubular member extends axially beyond the inner tubular 
member at the insulated ends thereof, and the end of the 
outer tubular member is closed by a conducting wall 
spaced from the insulated end of the inner tubular mem 
ber. 

4. A resonator according to claim 1 wherein the pitch 
of the turns of the helical section of the inner tubular 
member progressively decreases towards the low fre 
quency end of the range of movement of said slider, and 
wherein said outer tubular member extends axially be 
yond the inner tubular member at the insulated end 
thereof, and the end of the outer tubular member is 
closed by a conducting wall spaced from the insulated 
end of the inner tubular member. 

5. A broad-band resonator comprising a section of co 
axial cable having tubular outer and inner conductors, 
a short-circuiting slider arranged between said conduc 
tors and forming one end of the resonator cavity, said 
conductors being insulated from each other at the other 
end of the cavity, the insulated end portion of said center 
conductor located within said cavity being formed of a 
solid tubular section extending over a portion of the 
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range of movement of said slider, and a portion of said 
center conductor extending over the low frequency sec 
tion thereof being formed as a tubular helix. 

6. A broad-band resonator comprising a resonant cav 
ity formed of a conductive casing, a tubular conductor 
extending into said casing through an opening in a wall 
of said casing and having its inner end insulated from 
said casing and being effectively connected to said casing 
at the point of entry into said casing, a portion of said 
tubular conductor at the insulated end thereof being 
formed of a solid tubular section, the remaining portion 
of said tubular conductor being formed in a tubular 
helix, and means for producing relative movement be 
tween said wall of said casing and said conductor length 
wise of said conductor to vary the length of the portion 
of the tubular conductor which extends into said resonant 
cavity. 

7. A broad-band oscillator comprising a resonant 
chamber formed of tubular outer and inner conductors, 
a short-circuiting slider arranged between said conductors 
and forming one end of the resonator cavity, said con 
ductors being insulated from each other at the other end 
of the cavity, a portion of said center conductor at the 
said other end of said cavity being formed of a solid 
tubular section extending over a portion of the range of 
movement of said slider, and a portion of said center con 
ductor extending over the low frequency section thereof 
being formed as a tubular helix; an electron tube having 
anode, cathode and grid elements, a connection from the 
insulated end of said inner conductor to said anode, a 
connection from said grid to said outer conductor having 
low impedance at high frequencies, an energizing circuit 
for heating said cathode, and a two-wire choke-coil in 
cluded in said energizing circuit and having an anti 
resonant frequency near the lowest frequency of said 
resonant chamber. 
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