Office de la Propriete Canadian CA 2246034 C 2002/01/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 246 034
g'rngL%?rri]ciesgaenada ﬁ?:luagt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1998/08/27 (51) CL.Int.%/Int.CI.° HO1P 5/08

(41) Mise a la disp. pub./Open to Public Insp.: 1999/02/28 (72) Inventeurs/Inventors:
(45) Date de deéelivrance/lssue Date: 2002/01/22 TATOMIR, Paul J., US;

LOI, Keith N., US
30) Priorité/Priority: 1997/08/28 (924,450) US
(30) Priorite/Friority ( | ) (73) Proprietaire/Owner:

THE BOEING COMPANY, US
(74) Agent: SIM & MCBURNEY

(54) Titre - MECANISME DE COUPLAGE POUR RESONATEURS A MODES TE,,, ET TE,,
(54) Title: COUPLING MECHANISM FOR TE,,, AND TE,,. MODE RESONATORS

10
16 18 78 20) /

A
'."..‘ WA VD S 8AD N AW W A P....ﬂ

. Y. . . . . .
.2 52 . 52 N § § K% K N

(57) Abrége/Abstract:
The present invention Is directed to improved coupling mechanisms for TE,,, and TE,,, mode resonators. In one embodiment,

the coupling mechanism provides an adjustable connection for transferring electromagnetic energy from a first resonator to a
second resonator. Once the resonators are coupled, the coupling mechanism Is adapted to allow adjustment of the magnitude
and/or the phase of the electromagnetic energy while preserving the electromagnetic connection between the resonators. In
another embodiment, the coupling mechanism provides a connection of the resonators using a waveguide. By varying the
connection of the resonators with respect to the waveguide, positive relative coupling and/or negative relative coupling of the
electromagnetic energy transferred between the waveguide and the resonators Is provided.

< o
SSonEeAN S f
T e
B i St [ [ [
N
RN
R

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

135

CA 02246034 1998-08-27

COUPLING MECHANISM FOR TE;
AND TE; s MODE RESONATORS

ABSTRACT OF THE DISCLOSURE

The present invention is directed to improved coupling

mechanisms for TEqy;; and TEq; 5 mode resonators. In one embodiment,
the coupling mechanism provides an adjustable connection for transferring
electromagnetic energy from a first resonator to a second resonator. Once
the resonators are coupled, the coupling mechanism is adapted to allow
adjustment of the magnitude and/or the phase of the electromagnetic energy
while preserving the electromagnetic connection between the resonators. In
another embodiment, the coupling mechanism provides a connection of the
resonators using a waveguide. By varying the connection of the resonators
with respect to the waveguide, positive relative coupling and/or negative
relative coupling of the electromagnetic energy transferred between the

waveguide and the resonators is provided.
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COUPLING MECHANISM FOR TEg;
AND TE,; s MODE RESONATORS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to cylindrical
resonators and, more particularly, to coupling mechanisms for TEq; 5 and

TEOII mode resonators.

Description of the Related Art
In numerous electrical devices, such as electromagnetic

filters, pairs of resonators are coupled together to pass electromagnetic
energy from one resonator to the other resonator. Currently, several
different mechanisms are used to couple resonators. In one arrangement
used for cylindrical TE(; 1 and TEg; s mode resonators, each of the
resonators has a slot in the longitudinal direction that exposes the internal
cavity of the resonator to an external environment. The resonators are
positioned in close proximity to each other with the slots aligned to couple
magnetic fields within the resonators, thereby facilitating communication of
the electromagnetic energy between the resonators.

In another arrangement, the resonators are connected by a
conductive filament. The end portions of the filament form probes that
extend into the inner cavities of the resonators. In this arrangement, the

electromagnetic field in one resonator creates a current in the filament

which, In turn, creates an electromagnetic field in the other resonator.
In coupling arrangements such as those described above, the

coupling mechanism cannot be adjusted after assembly is complete. The
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electromagnetic field created in the second resonator may be out of phase
with the electromagnetic field in the first resonator by a given amount
which is determined by the characteristics of the coupling mechamsm.

This phase difference is constant regardless of the magnitude of the
electromagnetic field in the first resonator. Additionally, the magnitude ot
the electromagnetic field in the second resonator is varied only by varying
the magnitude of the electromagnetic field in the first resonator. In this
way, the operation of the coupled resonators is set when the resonators are

coupled together.

Therefore, there is a need for an improved coupling
mechanism for TE(j;1 and TEp¢ 5 resonators that provides an adjustable
coupling between the resonators, and which allows adjustment of the
magnitude and/or phase of the electromagnetic energy passed from the first
resonator to the second resonator. A need also exists for improved
coupling mechanisms that couple two resonators with waveguides to
provide control of the relative coupling of the electromagnetic energy that

is transferred between the waveguide and the coupled resonators.

SUMMARY OF THE INVENTION

The present invention is directed to an improved coupling
mechanism for coupling a first electromagnetic field in a first resonator to a
second electromagnetic field in a second resonator, and thereby creating an
electromagnetic connection to pass electromagnetic energy from the first
resonator to the second resonator. The coupling mechanism comprises an
adjustable coupler having a first end coupled to the first resonator and a
second end coupled to the second resonator. The adjustable coupler 1s
adapted to maintain the electromagnetic connection as the adjustable
coupler moves between a first position and a second position. When the
adjustable coupler is in the first position, the electromagnetic energy passed

through the coupler has a first magnitude and a first phase. When the
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adjustable coupler is in the second position, the electromagnetic energy has
a second magnitude and a second phase.

In one embodiment of the present invention, the first and
second resonators are cavity resonators each having a longitudinal axis, an
internal cavity, and an exterior slot proximate one of the first and second
ends of the adjustable coupler. The adjustable coupler 1s adapted to move
between the first and second positions in a direction parallel to the
longitudinal axes of the resonators. When the adjustable coupler is set in
the desired position, a fastening member retentively holds the adjustable
coupler 1n place.

In another embodiment of the present invention, the
adjustable coupler includes a support member extending between the first
and second ends of the adjustable coupler, with a conductive filament
passing through the length of the support member. The filament extends
beyond the first and second ends of the support member to form first and
second probes in the cavities of the first and second resonators,
respectively. The first and second resonators may have exterior slots as
described above, with the support member and filament adapted to slide
within the slots between the first and second positions. Once in the desired
position, a fastening member retentively holds the support member in
place. In an alternative embodiment, the support member and filament are
rotatable about an axis defined by the first and second ends of the
adjustable coupler, and the adjustable coupler moves between the first and
second position by rotating about the axis. The support member and
filament could, alternatively, rotate about an axis parallel to the
longitudinal axes of the resonators. In this embodiment, the first and
second probes each have a non-linear shape so that the orientation of the
probes with respect to the electromagnetic fields changes as the adjustable

coupler is rotated between the first and second positions.
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In another embodiment, adjustment members, such as
dielectric screws, are inserted through the exterior surfaces of the
resonators so that they abut the probes. The adjustment members are
adapted to cause the deflection of the probes between the first and second
pOSItIonS.

In yet another embodiment of the present invention, a
coupling mechanism includes first and second resonators coupied to a
waveguide. The waveguide has first and second ends with an outer wall
between the ends. The first resonator has a first slot and is coupled to the
outer wall at first aperture in the outer wall, and the second resonator has a
second slot and is coupled to the outer wall at a second aperture 1n the
outer wall. The first and second slots are separated by a longitudinal
distance equal to one-half the wavelength of the electromagnetic energy,
thereby providing negative relative coupling. When the electromagnetic
energy is input to the waveguide, the electromagnetic fields created in the
resonators are 180° out of phase. Similarly, the electromagnetic energy
output by the resonators into the waveguide are 180° out of phase when
they combine in the waveguide.

Alternatively, the apertures and, consequently, the resonators
are equi-distant from the first end in the longitudinal direction, either on
the outer wall or on the second end. In this arrangement, the resonators
are equi-distant from the first end of the waveguide and electromagnetic
energy either received or transmitted by the resonators are in phase.
Consequently, this arrangement provides positive relative coupling of the
resonators.

The features and advantages of the invention will be apparent
to those of ordinary skill in the art in view of the detailed description of the
preferred embodiment, which is made with reference to the drawings, a

brief description of which 1s provided below.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front elevation sectional view of two TEqy;; mode

cylindrical cavity resonators coupled with an adjustable dielectric rod in a
first position according to the present invention;

Fig. 2 is a front elevation sectional view of two TEp,, mode
resonators coupled by an adjustable dielectric rod in a second position
according to the present invention;

Fig. 3 is a front elevation sectional view of two TEq; mode
resonators coupled by an adjustable conductive filament in a first position
according to the present invention;

Fig. 4 is a side elevation sectional view taken along line 4--4
of an adjustable conductive filament coupling mechanism according to the
present invention;

Fig. 5 is a front elevation sectional view of two TEp;; mode
resonators coupled by an adjustable filament in a second position according
to the present invention;

Fig. 6 is a side elevation sectional view of an alternative
embodiment of the adjustable conductive filament of Fig. 4 in a first
position;

Fig. 7 is a side elevation sectional view of an alternative
embodiment of the adjustable conductive filament of Fig. 4 in a second
position;

Fig. 8 is a top sectional view of two TEpy;1 mode resonators
coupled by a rotatably adjustable filament in a first position according to
the present invention;

Fig. 9 is a top sectional view of two TEpyy; mode resonators
coupled by a rotatably adjustable filament in a second position according to

the present invention;
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Fig. 10 is a top sectional view of two TEqyq; mode
resonators coupled by an alternative rotatably adjustable filament in a first
position according to the present invention;

Fig. 11 is a top sectional view of two TEny; mode
resonators coupled by an alternative rotatably adjustable filament in a
second position according to the present invention;

Fig. 12 is a front elevation sectional view of two TE(
mode resonators coupled by an adjustable filament in a first position
according to an alternative embodiment of the present invention;

Fig. 13 is a top sectional view taken along line 13--13 of two
TE();; mode resonators coupled by an adjustable filament according to an
alternative embodiment of the present invention;

Fig. 14 is front elevation sectional view of two TEq;, mode
resonators coupled by an adjustable filament deflected to a second position
according to an alternative embodiment of the present invention;

Fig. 15 is a top sectional view of two TEq;s mode
resonators coupled in parallel by a waveguide for negative relative coupling
according to the present invention;

Fig. 16 is a side sectional view taken along line 16--16 of
two TE(; s mode resonators coupled in parallel by a waveguide for
negative relative coupling according to the present invention; and

Fig. 17 is a top sectional view of two TEq; s mode
resonators coupled in parallel by a waveguide for positive relative coupling

according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment of a coupling mechanism 10 for two
TEq1, mode cylindrical cavity resonators 12, 14 is shown in Figs. 1 and 2.
Referring to Fig. 1, the resonators 12, 14 are positioned side-by-side 1n a

housing 16. The resonators 12, 14 have corresponding slots 18, 20 in their
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outer walls which are aligned with a dielectric rod 22 along a line between
the center lines 24, 26 of the resonators 12, 14. The dielectric rod 22
adjusts the cutoff frequency of the slots 18, 20 by moving up and down 1in
a direction parallel to the center lines 24, 26 of the resonators 12, 14. A
pair of screws 28, 29 are inserted through the top and bottom of the
housing 16 and engage the dielectric rod 22.

When the screws 28, 29 are turned in the appropriate
direction, the screws 28, 29 cause the dielectric rod 22 to shde upwardly
within the slots 18, 20 between the first position illustrated in Fig. 1 and
the second position illustrated in Fig. 2. Turning the screws 28, 29 1n the
other direction will cause the dielectric rod 22 to move downwardly from
the second position illustrated in Fig. 2 to the first position illustrated in
Fig. 1. It will be obvious to those of ordinary skill in the art that the
double-screw arrangement shown in Figs. 1 and 2 can be replaced by a
single screw with the dielectric rod 22 affixed to the end, or by using a
dielectric screw that extends into the area between the slots 18, 20. These
alternatives are contemplated by the inventors as having use in connection
with the present invention.

The movement of the dielectric rod 22 between the first and
second positions changes the magnitude and phase of the electromagnetic
energy transferred between the resonators 12, 14. The magnitude of the
magnetic field in the resonator 12 is greatest at the cylindrical wall in the
longitudinal center of the resonator 12, and decreases toward the top and
bottom of the resonator 12. As the dielectric rod 22 moves from the first
position of Fig. 1 towards the second position of Fig. 2, the distance
between the dielectric rod 22 and the center of the resonators 12, 14
increases. Consequently, the magnitude of the electromagnetic energy

transferred between the resonators 12, 14 decreases. Additionally, the

increased distance the electromagnetic energy travels between the center of
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the first resonator 12 and the second resonator 14 increases the phase shift
between the electromagnetic fields in the resonators 12, 14.

The coupling mechanisms discussed and illustrated herein
can be used in a similar manner to couple a pair of cylindrical cavity
resonators containing dielectric pucks, also known as TEq;5 mode
resonators. The effects of using dielectric pucks in cavity resonators to
alter the impedance of the resonators are well known to those in the art.
Therefore, the use of the coupling mechanisms described herein to couple
TE(); § mode resonators will be obvious to those of ordinary skill in the art
and is contemplated by the inventors in connection with the present '
invention. Additionally, the positioning of the dielectric pucks within the
resonators may be adjustable in both the longitudinal and radial directions
through the use of dielectric set screws, and is also contemplated by the
inventors in connection with the present invention. '

Figs. 3-5 illustrate a second embodiment of a coupling
mechanism 30 in accordance with the present invention. As discussed in
the previous embodiment, a pair of resonators 12, 14 are placed side by
side within a housing 16 with corresponding slots 18, 20 in the outer
surfaces of the resonators 12, 14. In this embodiment, the dielectric rod 22
of the coupling mechanism 10 is replaced by a support member 32 and a
conductive filament 34, which is fabricated from a highly conductive

material such as silver or copper. The filament 34 runs through the length

of the support member 32, and extends beyond the support member 32
through the slots 18, 20 to form probes 36, 38 within the cavities of the
resonators 12, 14, respectively. The support member 32 is engaged by the
screw 28 to facilitate the sliding of the support member 32 and the filament
34 within the slots 18, 20 as illustrated in Fig. 4. In this embodiment, the
support member 32 and the screws 28, 29 are either metallic or fabricated

from a dielectric plastic, such as Ultem®.
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By rotating the screws 28, 29 in one direction, the support
member 32 and filament 34 slide from the first position tllustrated in Fig. 3
to the second position shown in Fig. 5. Rotating the screws 28, 29 in the
opposite direction will then move the support member 32 of the filament 34
from the second position illustrated in Fig. 5 to the first position 1illustrated
In Fig. 3. Movement of the support member 32 and the filament 34 in this
manner will have a similar affect on the magnitude and phase of the
electromagnetic energy passed between the resonators 12, 14 as described
previously in relation to the dielectric rod of the coupling mechanism 10.

Figs. 6 and 7 illustrate an alternative embodiment for the
coupling mechanism 30 where the screw 28 functions as a set screw which
is tightened to engage support member 32 when the support member 32 and
filament 34 are manually moved into the desired position. Imitially, the
screw 28 holds the support member 32 in the first position illustrated in
Fig. 6. The screw 28 is then unscrewed to free the support member 32 for
slidable movement of the filament 34 in the slots 18, 20. The support
member 32 is moved to a second position as illustrated in Fig. 7, by
removing a top wall of the housing (not shown) and manually sliding the
support member 32. The screw 28 is retightened to once again engage the
support member 32, thereby holding it in the second position.

Figs. 8 and 9 illustrate another embodiment of a coupling
mechanism 40 according to the present invention. In this embodiment, the
support member 32 is cylindrically shaped with an axis of rotation around
of the points where the probes 36, 38 enter the resonators 12, 14,
respectively. The probes 36, 38 have a non-liner shape whereby the ends
of the probes 36, 38 are positioned off the axis of rotation 42 of the
support member 32. The screw 28 acts as a set screw which is tightened
to retentively engage the support member 32 after the support member 32
is rotated to the desired position. In order to adjust the positioning of the

support member 32 and the filament 34, the screw 28 is loosened to allow
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the support member 32 to rotate from a first position as shown in Fig. 8 to
a second position as shown in Fig. 9, shown here to be a relative rotation
of approximately 90° from the first to the second position. Once in the
desired position, the screw 28 is again tightened to retentively engage the
support member 32 to prevent further rotation.

In the coupling mechanism 44 illustrated in Figs. 10 and 11,
the dielectric support member 32 is cylindrically shaped with an axis of
rotation 46 aligned parallel to the center lines 24, 26 of the resonators 12,
14, respectively, and liés along a line between the center lines 24, 26. A
set screw (not shown) enters through either the top or the bottom of the
housing 16 and engages the support member 32 to fix the support member
32 at a fixed point of rotation about the axis 46. The probes 36, 38 have a
non-liner shape and enter the resonators 12, 14 through slots which are
aligned perpendicular to the axis 46 and the center lines 24, 26. In order
to adjust the positioning of the support member 32 and the filament 34, the
set screw 28 is loosened to allow the support member 32 to rotate from a
first position as shown in Fig. 10 to a second position as shown 1n Fig. 11.
Once in the desired position, the screw 28 is again tightened to retentively
engage the support member 32 to prevent further rotation.

Yet another embodiment of a coupling mechanism 50
according to the present invention is shown in Figs. 12-14. In this
embodiment, the cylindrical cavity resonators 12, 14 are coupled by the
filament 34 enclosed in the support member 32. The probes 36, 33 enter
the resonators 12, 14, respectively, along non-diametral cords as illustrated
in Fig. 13. Dielectric screws 52, 54 are inserted through the housing 16
and into the resonators 12, 14, respectively, and abut the probes 36, 338,
respectively. By rotating the dielectric screws 52, 54 in one direction, the
dielectric screws 52, 54 deflect the probes 36, 38 from the first position as
shown in Fig. 12 to a second deflected position as shown in Fig. 14. By

turning the dielectric screws 52, 54 in the opposite direction, the probes
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36, 38 are returned from the second position of Fig. 14 to the initial
position shown in Fig. 12. As discussed in relation to the previous
embodiments, by varying the distance between the probes 36, 38 and the
centers of the resonators 12, 14 in this manner, the magnitude of the
electromagnetic energy transferred between the resonators 12, 14 can be
adjusted to reach a desired value.

Figs. 15-17 illustrate alternative embodiments of the present
invention wherein TE; s mode resonators 62, 64 containing dielectric
pucks 66, 68 are coupled by a waveguide 70. The open end 72 of the
waveguide 70 provides either an input for electromagnetic energy that 1S
transferred into the resonators 62, 64, or an output for the combined
electromagnetic energy created by the electromagnetic fields of the
resonators 62, 64. Referring to Figs. 15-16, the coupling mechanism 60
achieves negative relative coupling of the resonators 62, 64 when the
resonators 62, 64 are coupled to an outer wall 76 of the waveguide 70.

The outer wall 76 has first and second apertures 78, 80 to which

corresponding slots 82, 84 of the resonators 62, 64, respectively, are

coupled. This coupling forms an electromagnetic connection that facilitates
the transfer of electromagnetic energy between the resonators 62, 64 and
the waveguide 70. Dielectric or metallic screws 86, 88, are inserted 1nto
the coupled apertures 78, 80 and slots 82, 84, respectively, to provide
adjustment of the magnitude of the electromagnetic energy transferred
between the waveguide 70 and the resonators 62, 64.

Negative relative coupling is achieved in the coupling
mechanism 60 when the apertures 78, 80 are separated by a distance d
equal to one-half the wavelength of the resonant frequency of the resonators
62, 64. When electromagnetic energy is input to the waveguide 70 at end
72, the electromagnetic energy enters the first resonator 62 through the
aperture 78 and slot 82, thereby creating an electromagnetic field in the

resonator 62 having the resonant frequency of the resonator 62. The
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electromagnetic energy travels an additional one-half wavelength to cover
the distance d before entering the second resonator 64 through aperture 80
and slot 84. The electromagnetic energy creates an electromagnetic field in
the second resonator 64 having the same resonant frequency as the first
resonator 62, but is 180" out of phase relative to the electromagnetic field
in the first resonator 62 due to the added distance d.

Negative relative coupling is also achieved in the opposite

energy is input to the resonators 62, 64, electromagnetic fields are created
which are in phase. The resonator 64 outputs a first output electromagnetic
energy having the resonant frequency to the waveguide 70 across the
coupling at slot 84 and aperture 80. The first output electromagnetic
energy travels the distance d and combines with a second output
electromagnetic energy also having the resonant frequency which enters the
waveguide 70 from the resonator 62 across the coupling at slot 82 and
aperture 78. At the point where the first and second output energies
combine, the first and second output electromagnetic energies are 180" out
of phase. The combined output electromagnetic energy 1s then supplied to
a load coupled to the end 72 of the waveguide 70.

Fig. 17 illustrates an alternative waveguide coupling
mechanism 90 wherein positive relative coupling is achieved. Positive
relative coupling of the resonators 62, 64 occurs when the resonators 62,
64 are coupled to the waveguide 70 at equal longitudinal distances from the
open end 72. As shown in Fig. 17, this can occur when the resonators 62,
64 are coupled to the end wall 74. The end wall 74 has first and second
apertures 78, 80 to which corresponding slots 82, 84 of the resonators 62,
64, respectively, are coupled. This coupling forms an electromagnetic
connection that facilitates the transfer of electromagnetic energy between
the resonators 62, 64 and the waveguide 70. Dielectric or metallic screws

86. 88 are inserted into the coupled apertures 78, 80 and slots 82, 84 .
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respectively, to provide adjustment of the magnitude of the electromagnetic
energy transferred between the waveguide 70 and the resonators 62, 64.

When electromagnetic energy is input to the waveguide 70 at
end 72, the input energy travels the same distance before entering the
resonators 62, 64 through the apertures 78, 80 and slots 82, 84,
respectively, thereby creating electromagnetic fields in the resonators 62,
64 having the resonant frequency of the resonators. Because the input
electromagnetic energy travels the same distance from the end 72 to both
resonators 62, 64, the electromagnetic fields created in the resonators 62,
64 are in phase. Similarly, if electromagnetic fields are created in the
resonators 62, 64 by inputting electromagnetic energy, and the fields are in
phase, the first and second output electromagnetic energies transferred to
the waveguide through the slots 82, 84 and the apertures 78, 80 are also 1n
phase, thereby resulting in positive relative coupling of the output
electromagnetic energy.

While the present invention has been described with
reference to the specific examples, which are intended to be illustrative
only and not to be limiting of the invention, it will be apparent to those of
ordinary skill in the art that changes, additions, and/or deletion may be
made to the disclosed embodiment without departing from the spirit and

scope of the invention.
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What is claimed 1s:

1. A coupling mechanism for coupling a first
electromagnetic field in a first resonator to a second electromagnetic field
in a second resonator to create an electromagnetic connection between the
first and second resonators for passing electromagnetic energy, comprising:

an adjustable coupler having a first end proximate the
first resonator and a second end proximate the second resonator, the
adjustable coupler adapted to maintain the electromagnetic
connection as the adjustable coupler moves between a first position
and a second position;

wherein the electromagnetic energy has a first
magnitude and a first phase when the adjustable coupler 1s in the

first position and a second magnitude and second phase when the

adjustable coupler is in the second position.

2. A coupling mechanism according to Claim 1, wherein
the first and second resonators are cavity resonators each having a
longitudinal axis, an internal cavity, and an exterior slot proximate one of
the first and second ends, wherein the adjustable coupler moves in a
direction parallel to the longitudinal axes of the resonators between the first

and second positions.

3. A coupling mechanism according to Claim 2, wherein
the adjustable coupler further comprises a fastening member adapted to

retentively hold the adjustable coupler in the first and second positions.

4. A coupling mechanism according to Claim 2, wherein

the adjustable coupler is fabricated from a dielectric material.
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5. A coupling mechanism according to Claim 2, wherein

the adjustable coupler is a dielectric screw.

6. A coupling mechanism according to Claim 1, wherein
the adjustable coupler further comprises:

a support member extending from the first end of the
adjustable coupler to the second end of the adjustable coupler,
wherein the support member moves between the first and second
positions; and

a conductive filament passing through the length of
the support member between the first and second ends, wherein the
filament has a first probe extending beyond the first end and into the
first resonator and a second probe extending beyond the second end

and into the second resonator.

7. A coupling mechanism according to Claim 6, wherein
the first and second resonators are cavity resonators each having a
longitudinal axis, an internal cavity, and an exterior slot slidably engaging
the filament, wherein the support member moves in a direction parallel to
the longitudinal axes of the resonators between the first and second

positions.

8. A coupling mechanism according to Claim 6, wherein
the support member and filament are rotatable about a rotational axis
defined by the first and second ends and the adjustable coupler moves

between the first and second positions by rotating about the rotational axis.

9. A coupling mechanism according to Claim 6, wherein
the first and second resonators are cavity resonators each having a

longitudinal axis, an internal cavity, and an exterior slot slidably engaging
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the filament, wherein the support member is rotatable between the first and

second positions about a rotational axis parallel to the longitudinal axes of

the resonators.

10. A coupling mechanism according to Claim 6, wherein
the adjustable coupler further comprises a fastening member adapted to

retentively hold the support member in the first and second positions.

11. A coupling mechanism according to Claim 6, wherein

the support member is fabricated from a dielectric materal.

12. A coupling mechanism according to Claim 6, wherein

the first and second probes each have a non-linear shape.

13. A coupling mechanism according to Claim 12,

wherein the first and second probes are arc-shaped.

14. A coupling mechanism according to Claim 6, wherein
the adjustable coupler further comprises first and second adjustment
members coupied to the first and second probes, respectively, wherein the
adjustment members are adapted to deflect the probes between the first and

second positions.

15. A coupling mechanism according to Claim 14,
wherein the resonators are cylindrical resonators and the probes enter the

resonators along non-diametral chords.

16. A coupling mechanism according to Claim 14,

wherein the adjustment members are dielectric screws.
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17. A coupling mechanism according to Claim 1, wherein the
resonators contain a dielectric material.

' SINN D T4 ASARY 0t WUT N b 03 WA G o 1 2R T A A MR ALNDEI G  SOMSILS 4 A I U R S AU ko R PN P e L e Ty et e ST e are AN LK B AR A bR T Tl ry e S nan T e a8 dae v GBI M LR ARK AT 1 IS e s ¥l 1 S AL S SRR ML 1 1T A+ LI Sad £ S N TG A s WL QNI T a2 . IR ISR



CA 02246034 1998-08-27

1/ 4

FIG. 1 ;

16 18 7O o0 /

A
r."..-‘ WA VA S AW AW A AW AN W AR '....q

'- b8 N ““

. . W, V. V. V. . W
. . . . . . . .

- V. N . ¢ e Y . s o
- Y £ 27 2! X 7 L g £ F Vs ---- ay ey

|
- |
?

12

o4 54 ez ' 26

A .32 % % % 8% % 8N § N

“ A 9 3 9§ § 9

FIG. 3

"...‘ g £ 27 7 4 JF F & J F J FIF F F\Fy ¥ I

12 o6 14

24 297 22

16
18 "l——> 30
og 20

¥ & £ J 2 L1 Ur_'-'-'.-... O A A AR A%

|\ =
___-_..!.1§ A

V”I‘

'\“““‘

=
\
. ;\\\\\\\ awn
\
\

A

FS. S % 9 N N $ 2 k--“‘ . Y, W W i)
AR Y 7 A A A A . Y 4% .-"ﬂn.‘. AR AV AN B A AW AV 4

28
24 13g L ElL 34 14
12 32 g 38 26 " 30 3oL 34 38

2 =
=
=

'..'.- VA AW . -'..".‘ VA a8

..:‘.‘}..S,.-
“"‘ I

Y N N N\ N n“ t“ W V. WY \ . V. .
ry 2 £ ¥ 4 2 ....’..’.. WA AN . O W SR .U

\
.
\
\
.\

il

ARy S AR L VAR AV A S A A

.‘ ““\“‘

L N

24 18 26 14

FIG. 5




CA 02246034 1998-08-27

32 34

L Y J JZ J J "'

ir-‘]
1
f

20

30
/o

28

' 4
L f & & /7 & 7 5 J VYV g g 7

14
O
52 /%834 ) FIG. 7
42
16
12 36 38 14 35 28 40
3
FIG. 8 18 /¥ J/
"'""" il '.'g'.‘ "."..1
: 3 142
f 3 e’
y 3 )
¢ f
/ /
f /
¢ f
’ J
F | G . 1 0 rr 7 A7 77 T T 7T T T 77 A7 T 77T 72 /L

12 14

36 38
FIG. 9




CA 02246034 1998-08-27

13

L. S 1 9 9 S 9 4% B _ 2 B % W

P36 34 | S
52 3 38 3,

FIG. 14
50
16 /

SR N . ... V. . . . . . . .. . .

“ ' V222D ' ™
. S tm - W T

‘TP [k
: g | '

'I--—--.,--— 'I"l"“.--ca;-‘-_— -J
78 8 N N JC PR ST N Rt

=361 34]°
52 3% B4

12

260

24 14



CA 02246034 1998-08-27

4 | 4

FIG.1S ., B0

82 f.ﬂr \ (
76 86 \\" '

/2

FIG. 16
60

62 66 / 58 64

------'-----_ ------.-

AL
72

70 5% 78
.
66
F'G. 17 "ﬂn \ 62
90 86 M\ ZAN
N 78 ’\{! 4’/ A
—— D\\_II

/4

o (=

T ‘0 \
[ 68

sg AN\ )
70 - ‘\.@/ 64

84 ==~




10

A S S % S S NS "N N %

14

AN ANy Y s sauy eumer S

1

J \
\ |
NG 0
N
/-
o | i\
A q
o N & |
N _nc_._E_s "_::___
" A — -d. 9
7 H
O_H+1
g I K
| | ]\
/
k f 1 Q\
\ rl.llltl.\." N
\

16

A .. . V. . . .




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

