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This invention relates to loading devices for 
electrical resonators of the type having distrib 
uted electrical constants. It is capable of appli 
cation either to the cavity type of resonator or 
to the coaxial line type of resonator, These 
resonators arewell known to the art and form no 
part of the present invention. The loading de 
vices forming the subject matter of this inven 
tion are applicable broadly to resonators as de 
Scribed above and as such are useful throughout 
the entire field of application of resonators with 
distributed electrical constants. 
The invention is best described by reference 

to the attached drawings given as examples which 
illustrate the principles involved as applied to 
Coa.Xial line type reSonators, but it should be 
clearly understood that the invention is not lim 
ited to this use. 

It is an object of this invention to provide resis 
tive loading devices for resonators having distrib 
uted electrical constants. (The termºdistributed 
electrical constantsº as used herein means the 
antithesis of lumped constants. Both terms are 
Well known to the art.) 

It is a further object to so locate these devices . 
that the natural relation between the Q factor of 
the resonator and the frequency at which it is 
resonant is altered. 
The attached drawings are illustrative of typi 

cal applications of this invention. 
.. Figure 1 shows a Schematic representation in 
aXial Section of a coaxial line type resonator, an 
Odd number of quarter Wavelengths long, With the 
location of the loading devices indicated thereon. 

.. Figure 2 is a detail of a probe type of loading 
deVice. 

Figure 3 is a detail of a loop type of loading 
device. 

Figure 4 is a curve Which is typical of the nat 
ural relation between the Q factor and the reso 
nant frequency of a coaXial resonator. 

Figure 5 is a curve showing one desired rela 
tion between Q factor and resonant frequency 
Which canbe a chieved With my invention. 

Figure 6 is a schematic representation in aXial 
- Section of a coaxial line type reSOinator, an eVerl 
number of quarter Wavelengths long, With the 
location of the loading devices indicated thereoin. 

Figure 7 is a schematic representation in per 
spective of a cavity type resonator an even num 
ber of quarter Wavelengths long and shoWS a dif 
ferent-type of loading device applied thereto. 
With reference to Figure 1 of the attached 
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10 shown by Way of example in Figure 1 consistS 
of a hollow cylindrical conducting member 1 , 
closed at an end by a conducting plate 2. The 
electrical length of this resonator is assumed in 
the following description to be one quarter Wave, 
but may be any odd number of quarter Wave 
lengths. The tuning element comprises a rod 3, 
also of conducting material, Which slides through 
a guide tube 4 fixed on the end plate 2. Spring 
fingers 5 are formed in the tube i 4, to insure 
good electrical contact between the rod and the 
tube in all positions of the rod. As is Well knoWn 
to the art, suitable mechanism may be provided 
to gradually adjust the position of the rod and, 
consequently, the resonant frequency of the reso 
nator. 
An input loop indicated at 16 typifies means 

for coupling electrical energy to the resonator. 
The two resistive loading devices indicated at II 
and 8 are shown in detail in Figures 2 and 3. 
The loading device T shown in Figure 2 in 

cludes a resistor i 9 of the well known carbon type 
having a lead at each end thereof. The resistor 
is coaxiallymounted in a hollow cylindrical tube 
of conducting material 20 which tube is closed at 
its outer end by a conducting plate 2. One lead 
of the resistor is connected to plate 2. The 
other lead is merely extended beyond the end 
of the cylindrical member 20 to forma probe 22. 
Probes for coupling to short Wave energy in tun 
able resonators are known. Their primary funcº 
tion is to act as capacitive couplers to an electric 
field. The tube 20 makes a sliding fit With a 
guide sleeve provided for it on the outer conductor 
member il of the resonator. It is adjustable in 
a direction which is radial to the axis of the 
cylindrical member 1. The further the device is 
inserted into the interior of the resonator, the 
greater Will be the coupling effect. 
The loading device 18, shown in Figure 3, is 

similar in most respects to the one shown in Fig 
ure 2. However, instead of a probe 22, the loWer 
lead of resistor 23 takes the form of a loop 24, 
one end of which is connected to the cylindrical 
tube 25. Loops used as energy pick-up devices 
are known. Their primary function is to act 
as inductive couplers to magnetic fields. The 
tube 25 is adjustable in a guide sleeve just asis 
tube 2. 

It will be apparent to those skilled in the art 
that the device shown in Figure 1 can be made 
to resonate at a number of different fixed fre 
quencies. The sliding adjustment of rod i 3 con 
trols the resonant frequency. As the resonant 

The quarter-wave coaxial-line type resonator 55 frequency is increased, the Q factor Will decrease 
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in a manner generally shown by the curve of 
Figure 4 if the resonator is not equipped. With 
the resistive loading devices described above. 
The device 8 is located, as shown, at a point 
winere the field within the resonator is substan 
tially independent of frequency at resonance. 
The inductive loop 24 serves to couple resistor 
23 to the field within the resonator, and its effect 
is to loWerthe curve of Figure 4, Without, ma 
terially affecting its form, By moving the loading 
device 8 in and out, the amount that the curve 
islowered can be accurately controlled. 

Loading device i , when located substantially 
as shown in Figure 1, Will couple its resisto' to 
the electric field at that point. The location need 
not be exact, but it should be approximately op 
posite the end of member i 3 When the latter 
member is set at Some operating point. Again, 
the extent of insertion of the probe into the 
resonator controls the degree of coupling. The 
field at this point, however, is not independent of 
frequency. Consequently the degree of coupling 
of loading device l' is a function also of the 
frequency at which the resonator is operated. 
The lower the frequency, the greater Will be 
the degree of coupling. It is thus possible to ob 
tain by proper adjustment a Wide alteratic of 
the natura relation of the Q factor to the fre 
quency. In the event that the resonator is to 
be used as an echo box for radar testing, the 
relationship shown in Figure 5 Would be desiable 
and could be a chieved. 

Figure 6 shows a similar arrangement to that 
shown in Figure 1, except that here the loading 
devices both of the loop type are shoWn in com 
nection With a half-Wave type of 1'eSonato haV 
ing distributed electrical constantS. AS in the 
former case, the resonator need not be one-half 
Wavelength, but may be any even number, of 
quarter wave lengths long. Tuning rod i 3 is 
extended to connect With a cup-shaped member 
26. This meinber is made of conductinga 

terial and slides through member i . Spring 
fingers 25 are provided to insure good elec 
trical contact betWeen 2G and il . 
previous case, one loading device 8 is placed 
at a point near the fixed end plate i 2 Where 
the field is substantially frequency-independent 
at resonance. The loading effect produced is 
similar to that previousy described With refer 
ence to device 8 in Figure 1. The otherloading 
deVice 23 is located at a point Which is Opposite 
the center of the cavity When the resonator is 
tuned to its maximum frequency. Sice in a, 
half-Wave type reSonator, the Imagnetic field 
Would be at a null at this point, the loading de 
vice Will have no effect. As the frequency is e 
creased, however, the loading device is no longer 
at the center of the cavity and, therefore, no 
longerata, null in the field. Loading Will in 
Crease With decrease in resonant frequency. AS 
in the-case previousy described With reference to 
Figure 1, radiai adjustments of the respective 
loading devices Will vary the degrees of couping 
and produce a Wide alteration of the natura 
relation between the Q factor of the reSonator 
and the resonant frequency. 
Figure 7 shows another possible application of 

the principies of this invention. The resonator 
here is of the cavity type. As shown, it is one 
Wavelength long, but couldbe any even number of 
quarter wavelengths. The operating mode for the 
resonator as shown would be TEo12. It consists of 
a hollow cylinder of conducting material 2li, 
closed at one end by a conducting plate 23 i The 
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4 
opposite end is open to receive a plunger type 
tuner consisting of a conductive plate 232 mount 
ed on a rod. 233. In this case, the plate 232 does 
not make electrical contact with cylinder 21 , but 
is mounted coaxially therewith, together With 
suitable mechanism adapted to adjust its posi 
tion in the direction of the axis of the cylinder. 
A coupling means of a known type is provided at 
26 ºto couple a source of short wave electrical 
energy to the resonator. Adjustable loading 
means 2 i 8 is similar to means 8, shown in Figure 

r,3 and could be mounted either as shown or on the 
fixed end plate 23. As in the previousy de 
scribed cases, the field at or near the end plate 
is substantially independent of frequency at res 
onance. The degree of loading at any frequency 
to Which the resonator is tuned is dependent On 
the in and out adjustment of the loading device 
and the greater the degree of coupling, the loWer 
Would be the curve of Q versus frequency ShOWIn 
in Figure 4. 
The compensating loading device 234, although 

structually different from those previousy shoWn 
and described has an identical principle of Oper 
ation. It comprises a section of wave guide 235 
closed at its outer end by a plate 236 of conduct 
ing material. The inner end of the guide is Open 
and is fitted to the Surface of the outer conductor 
of the resonator 2. At the center of the inter 
section of these two spaces, is an aperture 238 in 
the member 2 affording a Window type coupling. 
Mounted across the short dimension of the Wave 
guide at a point substantially as shown is the 
loading resistor 237. It Will be apparent that 
While the location of the latter is not critical, it 
should nevertheless be mounted a substantial 
electrica distance from the plate 236. The wave 
guide and Window Will be located at a point on 
the resonator opposite the center of the cavity 
When the cavity is tuned to some frequency at 
whichit Will resonate. At that point and at that 
frequency, the magnetic field Will be at a null 
and no coupling Will result. As the frequency is 
changed, however, the loading device Will no 
longer besituated at a null point and more Or 
less coupling Will result. In this example, no 
adjustment of the compensating loading deVice 
is afforded. The particular loading effect desired 
Would be predetermined and the coupling de 
signed accordingly. It should be understood that 
the compensating loading device could also be 
located at any null in the magnetic field, for 
example, that Which occurs opposite plunger 
disc 232. 
From the foregoing, it will be apparent that I 

have shown and described a novel combination 
of resonator and loading device in Which anytype 
of resonator haVing distributed electrical con 
stants can be used. The structures shown in the 
attached drawings are merely illustrative and 
should not be construed as limiting the Scope of 
my invention. 

I claim.: 
1. The combination of a tunable resonator of 

the type having distributed electrical constantis; 
means for coupling a source of short-wave elec 
trical energy to said resonator; a first loading 
means including an energy pick-up device and a 
lumped resistive load connected in circuit With 
one another, said first loading means being locat 
ed on said resonator where the field therein is 
suostantially independent of frequency at reso 
nance; a second loading means including an. 
energy pick-up device and a lumped resistive load 
connected in circuit with one another, said Secondi 
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loading means being located on said resonator 
Where the field therein is frequency dependent, 
said energy pick-up devices coupling said resistiVe 
loads to said field, whereby the natural relation 
ship between the Q factor of the resonator and 
the resonant frequency is altered. 

2. The combination of a tunable resonator of 
the coaxial line type, having an electrical length 
equalto an odd number of quarter Wavelengths; 
means for coupling a source ofshort Wave energy 
to said resonator, Whereby a field is set up there 
in; a first loading means including an energy 
pick-up device and a lumped resistive load con 
nected in circuit With one another, said means 
being located on said resonator where the field 
therein is a maximum and substantially frequency 
independent at resonance; a second loading 
means including an energy pick-up device and a 
lumped resistive load connected in circuit with 
one another, said second means being located at 
a fixed position on the outer conductor of the res 
onator near the point of discontinuity in the line 
where the amplitude of the field is frequency de 
pendent, said pick-up devices coupling said load 
ing means to said field Whereby the natural rela 
tionship between the Q factor of the resonator 
and the resonant frequencyis altered. 

3. The combination of a tunable resonator of 
the type having distributed electrical constants, 
Said reSonator having an electrical length equal 
to an even number of quarter Wavelengths; 
means for coupling a source of short Wave elec 
trical energy to said resonator; a first loading 
means including an energy pick-up device and a 
lumped resistive load connected in circuit with 
one another, said means being located on the 
Outer conductor of Said resonator Where the field 
therein is substantially frequency independent 
at reSOnance; a second loading means including 
an energy pick-up device and a lumped resistive 
load connected in circuit With one another, Said 
Second loading means being located at a fiXed po 
Sition on the Outer conductor of the reSonator 
near a null in the field at a frequency Within the 
tunable range of the resonator; said pick-up de 
Vices coupling Said loading means to Said field 
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Whereby the natural relationship between the Q 
factor of the resonator and the resonant fre 
quency is altered. 

4. The combination of a tunable resonator of 
the cavity type, said resonator having a length 
equalto an even number of quarter wavelengths; 
means for coupling a source of short wave elec 
trical energy to said resonator; a first loading 
means including an energy pick-up device and a 
lumped resistive load connected in circuit with 
One another, Said means being located on the 
outer conductor of said resonator where the field 
therein is Substantially frequency independent 
at resonance; a second loading means, including 
an energy pick-up device of the wave-guide Win 
doW-coupled type, and a resistive load connected 
across the Short dimension of said guide, said 
means being located at a fixed position on the 
outer conductor of the resonator near a null in 
the magnetic field at a frequency within the tun 
able range of the resonator, said pick-up devices 
coupling Said loading means to said field where 
by the natural relationship between the Q factor 
and the resonant frequency of the resonator is 
altered. 

5. In a tunable resonator as defined by claim 
1, in Which a Window type coupler is provided in 
the outer conductor thereof, a resistance loading 
device comprising: a section of Wave guide closed 
at one end; and a lumped resistive element con 
nected inside Said guide and across the short di 
mension thereof, Said resistive element being lo 
cated in the middle region of said guide. 

JAMIES M. WOLF. 
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