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This invention réldtes generally to microwave
apparatus and more particillarly to adjustable
‘coupling ‘devices for varying the: transfer - of
microwave energy from a microwave source o a
waveguide transmission system. o
"~ Various types of “microwsve coupling devices
have been ‘employed heretofore in waveguide
transmission systems.” One of the essential re-
quirements for such devices'is tHat the adjust-
Ient -of the transferred energy be gradual and
readily ‘obtainable by mesans of simple operating
mechanisms. -Anothef requirement of such de-
vices is that “electrical contact between movahle
conductive elements be accomplished at points of
minimum microwave curfent distribution in order
to-minimize imperfect contact effects, A further
requirement of such”devices is that they be éx-
tremely compaget, since the physical ‘sizes of the
circuit components-are ‘extremely critical at the
super-high-frequencies employeq.” -
-~ A"first- embodiment of the instant invention
comprises a simple mechaniéal structure forvary-
ing the microwave coupling between g, microwave
generator such as, for example; a Shepard tube
cavity resonator device; and g waveghide trans-
mission system which may be employed for trans-
mitting microwave energy'to any selected type of
load device. - -Shepard- tubes include a short co-
axial transmission line, 6ne end -of which termi-
nates-in'an output coupling loop within- the cavity
resonator -and the-other end of’ which has -a
quarter wavelength-of- the -inner econductor ex~
posed-for coupling-to-the-load system. If desired
the inner eonductor may be exposed for one-half
wavelength and -terminated in o coupling loop
connected -to the--cable outer. conductor. - The
Shepard-tube is inserted in a. standard wafer-
type octal socket which is secured to a platform
which may be adjusted-vertieally by means of a
simple rack-and pinion adjusting mechanism. -

A eonstricted short length of roungd waveguide,
having a cut-off frequency below the operating
microwave -frequency, surrounds an aperture in
one of the faces.of.the rectangular -waveguide
transmission - system, ..and includes - cylindrical
fiexible contacts which grasp the outer conductor
of the short coaxial cable at any desired point
above the.aperture in the rectangular waveguide
face. This arrangement effectively minimizes
leakage from the rectangular waveguide, and pro-
vides electrical contact to the outer conductor -of
the coaxial cable. The depth to which the ex-
posed -quarter wavelength of the inner conductor
of- the- coaxial-cable penetrates the -constricted
small round waveguide and the rectangular wave-
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2
guide transmission system may be adjusted by the
rack ‘and’ pinion mechanism to provide desired
microwave coupling between the Shepard tube
generator and the rectangular waveguide trans-

‘mission system.
-~ Another- arrangement which provides similar
adjustment ‘of ‘microwave coupling, employs a
thumb screw mechanism which permits adjust-
ment-of the elevation of the Shepard tube with
respect ‘to the -rectangular - trahsmission system
and hence adjustment-of the penetration of the
Shepard ‘tube output coaxial line-into the con-
stricted_circular waveguide and the rectangular
waveguide’ transmission system. - If ‘desired, the
short- condtricted ~ecircular waveguide may be
omitted, providing the aperture in the rectangu-
lar waveguide faces is-sufficiently small to prevent
serious leakage of microwave energy. The thumb
serew-mechanism, ‘to-be disclosed in detail here.
inafter,  includes a yoke which is secured to the
waveguide face, and a threaded sleeve which is
secured. to ‘the platform-supporting the Shepard
tube and the octal socket. - Rotation of the thumb
screw within the yoke provides adjustment of the
vertical position of the complementarily threaded
sleeve, and hence adjustment of the vertical posi-
tion of the Shepard tube ang its output coaxial
cable with respect to the waveguide transmission
system. - -. .. ' ' ‘

" “Among the ébjects of “the'invention are to pro-
vide an improved method of and means for cou-
pling ‘microwave energy into a waveguide trans-
mission system. -Another object of the invention
is'to provide an improved actuating mechanism
for adjusting the elevation of a microwave gen-
erator with respect-to a waveguide transmission
system whereby the penetration of g microwave
radiator into a waveguide transmission system is
varied to control the microwave coupling thereto.’
A further object of thié invention is to provide an
improved: microwave coupling device wherein a
rack and pinion mechanism controls the pene-
tration ‘of 'a’coaxial cable type of microwave ra-
diator within a Wwaveguide transmission system,
An additiona] object of the invention is to provide
an improved microwave" coupling device wherein
a thumb sérew mechanism varies the penetration
of a microwave radiator within a waveguide
transmission system. - ’

¢ The invention will be further described by ref-
erence 'to ‘the accompanying drawings of which
Figure 1is'4 cross-sectional view taken along the
section line I—I of a first embodiment of the in-
vention; Figure 2 is a cross-sections] elevational

view:taken 4léng the: section ling II~-IT of said
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first embodiment of the invention; Pigure 3 is &
cross-sectional elevational view taken along the
section line III—ITI of a second embodiment of
the invention; Figure 4 is a plan view of said sec~
ond embodiment, and Figure 5 is an elevational
exterior view of said second embodiment of said
invention. Similar reference characters are ap-
plied to similar elements throughout the drawing.

Referring to Figures 1 and 2, & microwave gen-
erator | such as, for example, a Shepard tube
cavity resonator having a frequency adjusting de-
vice 3, is inserted in a conventional octal type
wafer socket, not shown, which is secured to &
platform support 5 and held in position thereon
by means of clamping devices 7. The platiorm §
includes vertical guide sleeves 8 slidably fitted to
vertical cylindrical shafts (1. The cylindrical
shafts 1 are secured to the top face I3 of a rec-
tangular waveguide transmission system and the
top face 15 of an extension bracket [T which is
secured to one of the side faces of the rectangular
waveguide transmissien system by means of
screws 19. ) )

he top face 13 of the waveguide transmission
system includes a circular aperture 21 which is
surrounded by the lower end of a short circular
waveguide element 23. The upper end of the
circular waveguide element 23 includes cylin-
drical flexible contact elements 25. The contacts
engage the outer conductor 27 of a coaxial out-
put transmission line forming the output cou-
pling means for the microwave generator at a
region substantially an odd number of quarter
wavelengths from said apertured waveguide face
13, as disclosed in the copending U. 8. application
of Vernon D. Landon, Serial No. 508,229, filed
October 29, 1843, which describes tuning and
coupling screws for waveguides. A portion of
the inner conductor 28 of the coaxial transmis-
sion line from the microwave generator is ex-
posed for a length of the order of % wavelength
at the operating frequency. This portion of the
coaxial line is given rigidity by enclosing the
inner conductor in g cylindrical sleeve 31 of poly-
styrene or other low loss microwave insulation.

Vertically disposed racks 33, 35, secured to the
vertically disposed sleeves 9, engage pinions 31,
39 respectively, which are secured to a control
shaft 41. 'The control shaft 41 is journalled in
bearings 43, 45 secured to the rectangular wave-
suide and the supporting bracket 17 in any con-
venient manner. A control knob 47, secured to
the external end of the control shaft 41, provides
rotational adjustment of the pinions 31, 39 and
hence vertical adjustment through the racks 33,
35, respectively, of the platform § and microwave
generator 4, and hence controls the penetration
of the exposed quarter wave portion of the co-
axial cable within the short circular waveguide
23 and the rectangular waveguide transmission
system. -As the platform § and microwave gen-
erator 1 are moved away from the waveguide
transmission system, the penetration -of the ex-
posed inner conductor 29 of the coaxial cable
within the -circular and rectangular waveguides
is decreased, thereby ‘decreasing ‘the microwave
coupling between the gemerator and the wave-
guide transmission system.

Extremely loose coupling is provided when the
inner conductor 29 is retracted entirely from the
rectangular waveguide transmission system, since

the constricted circular waveguide is operated

well below cut-off.
Referring to Figures 3, 4, and 5, a thumb screw
adjusting mechanism is substituted for the rack
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and pinion adjusting mechanism described in the
device illustrated by Figures 1 and 2. A modi-
fication of the means for coupling the coaxial
output transmission line from the Shepard tube
microwave generator | through the aperture 21
in the rectangular waveguide faces 44 includes the
flexible contacts 25 which engage the outer con-
ductor 21 of a coaxial line. The short section of
circular waveguide 23 is omitted and a capacitive
element, comprising a capacitor plate 49 and a
iica dielectric element 51, bypasses microwave
energy to the rectangular waveguide faces 13 in
the region of the aperture 21 in the rectangular
waveguide face. This allows the cavity to be
operated above ground potential. It should be
understood however, that the construction em-
ploying the short section of round waveguide
operated below cut-off, and described in the device
of Figures 1 and 2, may be employed to equal ad-
vantage in the modifications of the invention il-
Justrated in Figures 3, 4 and 5.

The platform 5 is secured to an elevator plat-
form 53 by means of a double bracket 55. One
end of an externally threaded cyliridrical sleeve
51 is press-fitted into an aperture in the center
of the elevator bracket 53 to support the threaded
cylindrical sleeve 571 perpendicular with respect
to the top face 13 of the rectangular waveguide
transmission system.

A forked yoke B9 is secured to the top face 13
of the waveguide transmission system by means
of mounting screws §1. The ends of the forked
yoke 59, remote from the mounting screws L1
are apertured to clear the threads of the threaded
cylindrical sleeve 51 and are separated to provide
clearance for an internally threaded thumb
screw §3. Rotation of the thumb screw 63 there-
by provides elevational adjustiment of the thread-
ed sleeve 57 and hence the -elevator support 53,
the support § and miicrowave generator (, and
thereby varies the penetration of the exposed in-
ner conductor 29 of the ecoaxial transmission line
within the waveguide fransmission system for
varying the microwave coupling. A pair of guide
sleeves 65, 67, which are press-fitted within aper-
tures adjacent the ends of the elevator support
53, are slidably fitted to vertical pins €9, Tl re=-
spectively, for guiding the elevational adjustment
of the elevator support 53.

Thus the invention described comprises im-
proved methods of and means for controlling the
eoupling of microwave energy from -a microwave
source to a waveguide transmission system where-
fn the microwave generator and the output co=-
axial coupling line projecting therefrom is mov-
able with respect to ‘a waveguide transmissicn
system to permit variation «of the penetration of
the transmission line within the waveguide.

I clgim as my invention:

1. Microwave coupling apparatus including a
source of microwave energy, a concentric micro-
wave transmission line connected to said source
and including a microwave energy radiating ele-
thent at its ehd remote from said source, a first
waveguide for said radiated microwave energy,
said waveguide havihg a wall apertured to re-
ceive said radiating element, a second waveguide
having ‘a critical cut-off frequency higher than
said microwave source frequency, said second
wavecuide openhing into said first waveguide
through said aperture and extending -coaxially
with said concentric lihe, flexible contact means
connecting the end of sdid second waveguide re-
mote from -said aperture to the outer conductor
of said concentric line, and means for simultane-
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ously adjusting the relative positions of said
source and said waveguides and the relative pene-
tration of said radiating element within said
waveguides for controlling the microwave cou-
pling between said source and said first wave-
guide.

2. Microwave coupling apparatus including g
source of microwave energy, a concentric micro-
wave transmission line connected to said source
ang including g microwave energy quarter wave
radiating element at its end remote from said
source, g first waveguide for said radiated micro-
wave energy, said waveguide having a wall aper-
tured to receive said radiating element, a second
waveguide having a critical cut-off frequency
higher than said microwave source frequency,
said second waveguide opening into said first
waveguide through said aperture and extending
coaxially with said concentric line, flexible con-
tact means connecting the end of said second
waveguide remote from said aperture to the outer
conductor of said concentric line, and means for
simultaneously adjusting the relative Dpositions
of said source ang said waveguides and the rela-
tive penetration of said radiating element within
said waveguides for controlling the microwave
coupling between said source and said first wave-
guide,

3. Microwave coupling apparatus including a
source of microwave e€nergy, a concentric micro-
wave transmission line connected to said source
and including a microwave e€nergy quarter wave
radiating element at its end remote from said
source, g first waveguide for said radiated micro-
wave energy, said waveguide having a wall aper-
tured to receive said radiating element, g second
waveguide having g critical cut-off frequency
higher than said microwave source frequency,
sald second waveguide opening into said first
waveguide through said aperture and extending
coaxially with said concentric line, flexible con-
tact means connecting the end of said second
waveguide remote from said aperture to the outer
conductor of said concentric line at a point sub-
stantially a predetermined odd multiple of one
quarter wavelength from said aperture, and means
for simultaneously adjusting the relative posi-
tions of said source and said waveguides and the
relative penetration of said radiating element
within said waveguides for controlling the micrg-
wave coupling between said source and said first
waveguide.

4. Microwave coupling apparatus including a
source of microwave energy, g concentric micro-
wave transmission line connected to said source

“and including a microwave energy radiating ele.
ment at its end remote from said source, a first
waveguide for said radiated microwave energy,
sald waveguide having a wall apertured to receive
said radiating element, a second waveguide hav-
ing a critical cut-off frequency higher than said
microwave source frequency, said second wave-
guide opening into said first waveguide through
said aperture and extending coaxially with said
concentric line, flexible contact means connect-
ing the end of said second wavezuide remote from
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said aperture to the outer conductor of said con-
centric line, and rack ang pinion means for simyl-
taneously adjusting the relative positions of said
source and said waveguides and the relative pene-
tration of said radiating element within said
waveguides for controlling the microwave cou-
pling between said source and said first wave-
guide,

5. Microwave coupling apparatis including g
source of microwave energy, a concentric micro-
wave transmission line connected to said source

‘and including a microwave energy radiating ele-

ment at its end remote from said source, g first
waveguide for said radiateg microwave energy,
said waveguide having a wall apertured to receive
said radiating element, a second waveguide hav.
ing a critical cut-off frequency higher than saig
microwave source irequency, said second wave-
guide opening into said first waveguide through
said aperture and extending coaxially with said
concentric line, flexible contact means connecting
the end of said second waveguide remote from said
aperture to the outer conductor of said concentric
line, and rack ang pinion means including cylin-
drical aligning means interposed between said
source and said first waveguide for simultaneously
adjusting the relative positions of said source and
said waveguides and the relative penetration of
said radiating element within said waveguides
for controlling the microwave coupling between
said source and said first waveguide.

6. Microwave coupling apparatus including g
source of microwave energy comprising g ther-
mionic tube oscillator, a concentric microwave
transmission line connected to said source and
including a microwave energy radiating element
at its end remote from said source, g first wave-
guide for said radiated microwave energy, said
waveguide having a wall apertured to receive said
radiating element, a second waveguide having g
critical cut-off frequency higher than said micro-
wave source frequency, said second wavegtide
opening into said first waveguide through said
aperture and extending coaxially with said con-
centric line, flexible contact means connecting
the end of said second waveguide remote from
said aperture to the cuter conductor of said con-
centric line, and rack and pinion means inelud-
ing cylindrical aligning means interposed between
said source and said first waveguide for simul-
taneously adjusting the relative positions of said
source and said waveguides and the relative pene-
tration of said radiating element within said
waveguides for controlling the microwave cou.
pling between said source and said first wave-
guide.
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