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11 Claims.

This invention relates generally to electrieal
apparatus and more particularly to a means for
adjusting the dimensions of & resonant coaxial
cavity for tuning purposes.

In some types of radio apparatus employed
at high frequencies use is made of resonant cav-
ities to simulate equivalent eircuit elements for
tuning purposes. Some means is necessary . to
vary the dimensions of such g cavity so as to
change its frequency of maximum response. If
a cylindrically shaped cavity or one in the form
of a coaxial transmission line is employad, the
means of varying its dimensions ordinarily con-
sists of a plunger or plug the position of which
may be varied along the longitudinal dimension
of the cavity. When such a cavity is used in
conjunction with a vacuum tube, it is frequently
desirable to have the shorting plunger offer an
effective short cireuit for the radio frequency
energy and at the same time maintain an open
circuit for direct voltage. ‘This is necessary so
that the plate voltage of the vacuum tube will
not be short circuited if the cavity is used to
form a tuned plate circuit. At the same time it
is desirable to maintain a low capacity between
the plate ecircuit and ground, suitable for wide
band modulation.

It is therefore an object of the present inven-
tion to provide a means of tuning a resonant co-
axial cavity over a wide range of frequencies.
It is a further object to provide a means of iso-
lating the inner and outer conductors of -such a
cavity insofar as direct voltages are concerned
without employing a physically large, high-cur-
rent capacitor. It is stil] another object to
maintain a low capacitance between the inner
and outer conductors of such a cavity. It is also
an object to eliminate the necessity of using
sliding contacts between a shorting plunger and
a tunable cavity of the type mentioned:

Other objects, features and advantages of the
invention will suggest themselves to those skilled
in the art and will become apparent from the
following description of the invention taken in
connection with the accompanying drawing in
which:

Fig. 1 is 2 longitudinal sectiona] diagram of a

type of tuning plunger embodying the basic prin-

ciples of the invention;

Fig. 2 is a longitudinal sectional diagram of a
second type of tuning plunger incorporating a
second means of obtaining a broad frequency re-
sponse; and

Figs. 3 and 4 are longitudinal sectional dia-
grams of preferred embodiments of the invention
incorporating substantially the same principles
as the embodiment shown in Fig. 2.

10

15

20

30

35

40

45

60

55

2

Reference is made now more particularly to
Fig. 1, in which a cavity formed by an inner con-
ductor 10 and an outer conductor 12 is termi-
nated by a metal plate 14, which forms a part
of the tuning plungeér. Plate {4 ig an annulus
of such dimensions that it fits in the cavity with-
out making electrical contact with either con-
ductor {0 or conductor 12. Two metallic cylin-
ders I8 and 18 are attached to the inner and
outer peripheries, respectively, of plate i4 ang
extend for a short distance behind this plate.
Two similar metallic cylinders 20 and 22, of such
diameters that they fit within cylinders (5 and
{6 as shown, are arranged 50 as to permit them
to be moved in and out of the latter cylinders
while making electrical contact with them by
means of sliding contacts 24 and 26. The posi-
tion of the plunger may be varied by means of
arm 28 rigidly attached to cylinder (8 and ex-
tending outside the cavity through a longitudi-
nal slit in conductor 12. The position cylinders
20 and 22 may be varied by a similar arm 30
arranged in a similar manner.

In Fig. 2 the metallic portion of the plunger
is rigidly attached to an annulus 32 of an insu-
lating material mounted on central. conductor
33. An annular metallic conductor 34, of which
one face 36 serves to terminate the coaxial cav-
ity, has circumferential indentations 38 and 49
on its inner and outer surfaces, respectively,
which are partially covered, as shown, by thin
metallic cylindrical sleeves 42 and 44. Two simi-
lar cylindrical sleeves 46 and 48 are attached re-
spectively to the inner and outer peripheries of
face 36 and extend longitudinally into the cav-
ity. '

Fig. 3 shows a similay arrangement in which
an insulating annulus 59 supports a conducting
annulus 52 to which are attached two cylindri-
cal sleeves 54 and 56. Cylindrical sleeves 54 and
§6 are bent back through 180° as shown to form
a total of four coaxial cylinders.

Fig. 4 shows an arrangement similay to that
shown in Fig. 3. One double eylindrieal sleeve
has been removed, and the conducting annulus
58 makes direct electrical contact with the outer
conductor 60 of the cavity. ) :

In understanding the operation of the appa-
ratus of Fig. 1 it may be seen that inner con-
ductor 10 together with ¢ylindrical sleeves i 6 and
20 may be considered to be 2 section of electri-
cal transmission line of rather low characteristic
impedance. If this section of line is one-fourth
wave length long at the operating frequency and
is terminated with a’ very high’ impedance at
boint @, the input impeddnce at point & will be
very low, in effect a short circuit. The imped-
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ance presented to this section of line at point @
is in effect made up of the impedance of the
cavity to the left of point ¢ in series with the
impedance of the section of shor{ circuited trans-
mission line made up of cylindrical sleeves 16, 18,
20 and 22. If this section of line is also approx-
imately one-fourth wave length long and is short
circuited at ¢, it appears as a high impedance at
a, and consequently the impedance at b is low.
This arrangement also applies to the seetion of
transmission line made up of cylindrical sleeves
{8 and 22 and the outer conductor 12 of the
cavity.

It is obvious from the above description that
an effective short circuit is maintained at b only
so long as the distance A in Fig. 1 is approximate-
1y one-fourth wave length. In order to make use
of such a device over a large frequency range, the
length A is made adjustable by sliding cylinders
20 and 22 inside of cylinders 16 and 48. Electrical
contact is maintained by sliding confacts 24 and
26. The position of the plunger and the mag-
nitude of dimension A may be adjusted from out-
side the cavity by means of arms 28 and 38 re-
spectively, which, if desired, may be attached to
the same tuning-eontrol.

£ it is desirad to cause the tuning plunger to e
operative over a wide band of frequencies with-
out utilizing two separate tuning adjustments, an
arrangement of the type shown in Fig. 2 may be
employed. - Annulus 34 and cylindrical sleeve 42
form a section of coaxial transmission line short-
cireuited at d. If the electrical lengin of this
line is one-fourth wave length, then an effective
high impedance is presented at point e. A sec-
ond -equivalent transmission line is formed by
eylindrical slesve 42 and central conductor 23.
The impedsnce of this line in series with the
high impedance at e appears across, and . in
effect terminates, a third transmission line formed
by eylindrical sleeve 4§ and central conductor. 23.
Thus if the electrical distance from point e to
point f is one-fourth wave length, then the im-~
pedance presented at point f will'he guite low. In

2 similar manner the impedance presented at ¢

point 7 is low. - Face 36 of the tuning vlunger is
displaced from points f and /' by a distance B.
A dual resonant characteristic is introduced into
the plunger by chocsing dimension B and the
distances between points d and ¢ and between
points e and f to be egual to one-fourth wave
length at widely different frequenecies. The im-
portance of maintaining sn extremely low im-
pedance at points 7 and /’ has been materially
reduced by displacing these points a distance B
which is an appreciable part of one-fourth wave
length from the face 36 of the plunger. The
effect, of this procedure is to place points f and 7'
at & position in the coaxial cavity which is of
somewhat higher impedance, that is, a point of
higher voltage and lower current. The operation
thus becomes effective over a wide range of fre-
quencies. . -

g, 3 shows a plunger operating on thes same
principles as the plunger of Fig. 2 except that the
various-elements are arranged in a different man-
ner which makes the plunger more compact.

Pig. 4 shows a plunger in which a direct slid-
ing contact is made between the outer conductor
and the plunger, and which utilizes the principles
set forth above to obtain a low impedance be-
fween the central conductor and the plunger.

While there have been described what are at
present considered to be the preferred embodi-
ments of this invention, it will be obvious tothose
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skilled in the art that various changes and modi-
fications may be made therein without depart-
ing from the scope of the invention.

The invention claimed is:

1. In combination with a coaxial line cavity
resonator, a tuning plunger for electrically tun-
ing said coaxial cavity resonator, said plunger
including an insulating annulus so arranged as
to fit between the inner and outer conductors of
said coaxial cavity resonator, the axis of said
annulus being parallel to the axis of said cavity
resonator; a conducting annulus having one end
attached to said insulating annulus and having
the same axis as said insulating annulus, said
conducting annulus not making electrical contact
with either the inner or outer conductors of said
resonator, said conducting annulus having cir-
cumferential indentations upon both its inner
and outer surfaces, the axial length of each such
indentation being approximately one-fourth of
an electrical wave length at a first given fre-
quency; a first pair eof conducting concentric
cylinders coaxial about the axis of said resonator
and connected to said one end of said conducting
annulus, said first pair of eylinders partially cov-
ering the inner and outer circumferential in-
dentations respectively of said eonducting an-
nulus; and a second pair of conducting concen~
trie cyvlinders coaxial about the axis of said res=-
onator and attached to the inner and outer eir-
cumferences respectively of said conducting an-
nulus at its other end, said second pair of ¢ylin-
ders extending beyond said other end of said con-
ducting annulus for an axial distance that is ap-
prozimately equal to one-fourth of an slectrical
wave length at a second given frequency, the po-
sition of said plunger being variable with respect
to said resonator.

2. In combination with a coaxial line eavity res-
onator, a tuning plunger for electrically tuning
said coaxial cavity resonator, said plunger in-
cluding an insulating annulus so arranged as to
fit hetween the inner and outer conductors of
szid cavity resonator, the axis of said annulus be~
ing parallel to the axis of said cavity resonator;
a conducting annulus attached to and having the
same axis as said insulating annulus, said con-
ducting annulus not making electrical contact
with either the inner or outer conductors of said
coaxial cavity resonator; and four conducting
cylinders coaxial about the axis of said resona-
tor, two of said cylinders being connected. to said
conduecting annulus along the circumferences of
one end of each, the opposite ends of each of said
two of said cylinders being connected along the
entire circumferences thereof to the ends of the
remaining two of said cylinders which are remote
from said conducting annulus, the position of said
plunger being variable with respect o said resena-
tor. the lengths of said ecylinders being approxi-
mately one-fourth of an electrical wave length at
o first given frequency, and said cylinders extend-
ing bevond said eonducting annulus for a distance
approximately equal to one-fourth of an eleg~
trieal wave length at a second given fregquency.

3. In combination with a coaxial line cavity
resonator, a tuning plunger for electrically tun-
ing said coaxial cavity resonator, said plunger
meluding an insulating annulus se arranged as
to fit between the inner and outer conductors
of said cavity resonator, the axis of said annulus
being parallel to the axis of said cavity resona-
tor: a conducting annulus attached to and hav-
ing the same axis as said insulating annulus; a
series of sliding contacts along the ouber circum-
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ference of said conducting annulus and making
electrical contact with the outer conductor of said
resonator; and two conducting cylinders coaxial
about the axis of said resonator, the outer of
said cylinders being connected along the cireum-
ference of one end to the inner circumference of
said conducting annulus, the opposite end of
said cylinder extending bheyond said annulus fo
a distance approximately equal to one-fourth of
an electrical wave length at a first given fre-
quency, said opposite end of said outer cylinder
being attached along its circumference to one
end of the other of said cylinders, said other of
said cylinders extending back to and within the
central aperture of said conducting annulys, the
length of each of said cylinders being approxi-
mately one-fourth of an electrical wave length
at a second given frequency, the position of said
plunger being variable with respect to said cavity.

4. In combination, a first coaxial line and a
plunger for short-circuiting said first coaxial line,
said plunger including a conducting annular por-
tion of a size to fit between the concentric con-
ductors of said first coaxial line and be spaced
from at least one of said conductors, and at least
two cylinders concentrically disposed about the
center conductor of said first coaxial line and hav-
ing an axial length that is substantially a quarter
of a wavelength at at least one given operating
irequency, said cylinders being electrically con-
nected to said conducting annular portion, said
concentric cylinders and said one conductor of
said first coaxial line forming a$ leasi second,
third, and fourth coaxial quarter wavelength
lines, said second line being formed by one of
sald eylinders and said one conductor and being
open-circuited at a distance substantially a
quarter wavelength from said conducting an-
nular portion, said third line being formed by
the other of said cylinders and said conducting
annular portion and being short-circuited at one
end to provide a first high input impedance for
said second line, and said fourth line being formed
by said other cylinder and said one conductor
and being open-circuited and providing a second
impedance that is in series with said first high
impedance of said third line, said first and sec-
ond impedances terminating said second line,
the end of said second line that is near said con-
ducting annular element thereby having an ex-
tremely low impedance.

5. The combination of claim 4, wherein said one
conductor is the center conductor of said first
coaxial line.

6. In combination, a coaxial line, and a plunger
for short-circuiting said ecoaxial line, said
plunger comprising a conductive annular element
disposed between the concentric conductors of
said coaxial line and electrically insulated from
at least one of said conductors, and first and
second cylinder elements disposed between the
conductors of said coaxial line and coaxially dis-
posed about the center conductor of said coaxial
line nearer to said one conductor than to the
other of said conductors, one end of said first
cylinder element being electrically. connected to
one end of said annular element, one end of
said second cylinder element being electrically
connected to the other end of one of the two
other of said elements, the lengths of said cylin-
der elements being respectively equal to approxi-
mately one-fourth of an electrical wavelength at
a first given frequency, and one end of at least
one of said eylinder elements extending beyond
& face of said annular element by a distance
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approximately equal to one-fourth of an elec-
trical wavelength at a second given frequency.

7. The combination of claim 6, wherein said
first and second cylinder elements respectively
form with said center conductor first and second
epen~circuited coaxial lines, the first of which
provides a high impedance termination for the
second, and said first cylinder element and said,
annular element form a short-circuited coaxial
line also providing a high impedance termina-
tion for said second open-circuited coaxial line.

8. The combination of claim 7, wherein said
annular element is electrically insulated from
both said conductors and further including third
and fourth cylinder elements connected together
like said first and second cylinder elements and
being coaxial with and disposed between the con-
ductors of said coaxial line as well as being elec-
trically connected to said annular element, said
third and fourth cylinder elements being disposed
nearer to said other conductor of said coaxial
line than to said one conductor and forming with
one another, with said other conductor and with
said annular element coaxial lines electrically
identical with those formed by said first and sec-
ond cylinder elements, said annular element,
and said one conductor.

9. The combination. of claim 6, wherein said
first and second cylinder elements respectively
form with said center conductor first and sec-
ond open-circuited coaxial lines, the first of
which provides a high impedance termination
for the second, and said first and second cylin-~
der elements together form a short-circuited co-
axial line also providing a high impedance ter-
mination for said second open-circuited coax-
ial line. ) :

10. The combination of claim 9, wherein said
annular element is electrically insulated from
both said conductors and further including third
and fourth cylinder elements connected together
like said first and second cylinder elements and
being coaxial with and disposed between the con-
ductors of said coaxial line as well as being elec-
trically connected to said annular element, said
third and fourth cylinder elements being disposed
nearer to said other conductor of said coaxial line
than to said one conductor and forming with
one another, with said other conductor and with
said annular element coaxial lines electrically
identical with those formed by said first and
second cylinder elements, said annular element,
and said one conductor,

11. The combination of claim 9, wherein said
one conductor is the center conductor of the
first-named coaxial line, and said annular ele-
ment is in slidable electrical contact with the
other conductor of said first-named coaxial line,

GEORGE E. HULSTEDE,
JOHN G. STEPHENSON.
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