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75 Inventor: James Stewart Hyde, Menlo Park, A variable microwave coupler between a coaxial line 
Calif. and an EPR microwave cavity. A housing includes the 

o resonant cavity as well as a section dimensioned to be (73 Assignee: Varian Associates, Palo Alto, Calif. a waveguide. Energy from the coaxial line is coupled 
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waveguide beyond cutoff and it has an opening into 
(21) Appl. No.: 370,177 the resonant cavity. A planar loop located in the sec 

tion is connected to be excited by the energy in the 
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-energy electromagnetically radiated by the radiator 
into the cavity. 
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1 
COAXAL LINE TO MICROWAVE COUPLER 

FIELD OF THE INVENTION 

The present invention relates generally to microwave 
couplers between coaxial lines and microwave cavities 
and, more particularly, to a coupler wherein an electro 
magnetic microwave radiator for the cavity is induc 
tively coupled to a termination of the coaxial line. 

BACKGROUND OF THE INVENTION 
Variable couplers between coaxial lines and micro 

wave cavities, such as resonant cavities or waveguides, 
typically employ rotating loops as a termination for the 
coaxial line. The rotating loop varies the polarization 
angle of microwave energy coupled between the coax 
ial line and microwave cavity, thereby varying the de 
gree of coupling between the line and cavity. U.S. Pat. 
No. 3,214,684 assigned to the present assignee is exem 
plary of such rotating loop couplers. Rotating loops re 
quire use of a sliding contact between the rotating ele 
ment and the coaxial line. Such contacts introduce 
noise and attenuation in the coupled energy and are 
relatively susceptible to open circuiting. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is pro 
vided a new and improved coaxial line to microwave 
cavity variable coupler that does not require movable 
elements that are electrically connected to any portion 
of the coaxial line, thereby obviating the need for 
brushes. The result is achieved by providing the cavity 
with a section that is electrically coupled to a termina 
tion of the coaxial line. The termination is rigidly con 
nected in situ between the coaxial line center conduc 
tor and shield and functions as an inductive radiator for 
the electromagnetic energy. The section is dimen 
sioned so that it is effectively a waveguide having a cut 
off frequency beyond the frequency propagating in the 
coaxial line, whereby electromagnetic wave transmis 
sion is strongly attenuated in the section, Positioned in 
the section and inductively coupled to the coaxial line 
termination is an electromagnetic wave radiator that 
excites the cavity with the microwave energy induced 
therein from the coaxial line termination. Variations in 
the inductive coupling between the radiator and coax 
ial line termination are provided by adjusting the posi 
tion of the radiator in the waveguide beyond cutoff sec 
tion to control the coupling between the coaxial line 
and cavity. Variable coupling can be provided by form 
ing the radiator as a metal stud that is inserted to differ 
ing extents in the section or by forming the radiator as 
a rotatable disc that variably intercepts different 
amounts of energy from the coaxial line termination, 

In a preferred embodiment the coaxial line termina 
tion is a planar loop extending between the coaxial line 
center conductor and outer conductor. The loop, in 
combination with the radiator, excites the cavity so that 
a magnetic field subsists in the cavity at right angles to 
the plane of the loop. 

It is accordingly an object of the present invention to 
provide a new and improved coupler between a micro 
wave cavity and a coaxial line. 
Another object of the present invention is to provide 

a variable, relatively noise-free coupler between a co 
axial line and a microwave cavity, which coupler is not 
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2 
susceptible to open circuits between a moving element 
and the coaxial line. 
Another object of the invention is to provide a new 

and improved variable coupler between a coaxial line 
and a microwave cavity, which coupler does not re 
quire any moving parts to be connected to the coaxial 
cable. 

Still another object of the invention is to provide a 
new and improved variable coupler between a coaxial 
line and a microwave cavity, which coupler does not 
employ sliding contacts. 
A further object of the invention is to provide a mi 

crowave coupler between a coaxial line and a micro 
wave cavity wherein energy is inductively coupled be 
tween a termination of the coaxial line and a radiator 
into the cavity. 
An additional object of the invention is to provide a 

new and improved microwave coupler between a coax 
ial line and an EPR spectrometer resonant cavity. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed descrip 
tion of several specific embodiments thereof, especially 
when taken in conjunction with the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side sectional view of one preferred em 
bodiment of the invention; 
FIG. 2 is a side sectional view taken along the line 

2-2 of FIG. 1; and 
FIG. 3 is a side sectional view of another embodiment 

of the invention. 

DETAILED DESCRIPTION OF THE DRAWING 
Reference is now made specifically to FIGS. 1 and 2 

of the drawing wherein there is illustrated a preferred 
embodiment of the variable coupler of the present in 
vention for feeding microwave energy of oscillator 11 
to a microwave cavity 12 via bridge 10 and coaxial line 
13. In the preferred embodiment, cavity 12 includes a 
rectangular resonant cavity section 14 formed as a right 
parallelepiped in which there are excited oppositely po 
larized and orthogonal magnetic and electric field vec 
tors. The oppositely polarized magnetic field vectors 
are indicated by the crosses 15 and dots 16 that are di 
rected, in the cross-sectional view of FIG. 1, in planes 
parallel to the upper and lower walls 17 and 18 of reso 
nant cavity 14. The oppositely polarized electric field 
vectors 19 and 20 extend at right angles to and between 
walls 17 and 18, with a null electric field vector being 
provided substantially along a medium plane 22 of the 
resonant cavity 14. The microwave electric and mag 
netic field vectors 15, 16, 19 and 20 thereby excite res 
onant cavity 14 in the rectangular TE mode, Posi 
tioned midway between wall 17 and 18 on medial plane 
22 is a hollow dielectric sample holder 23 which is pref. 
erably formed as a capillary tube for a liquid sample to 
be analyzed by EPR spectroscopy techniques. It is to be 
understood that resonant cavity 14 can take other geo 
metrical configurations (e.g., cylindrical), that the res 
onant cavity can be excited to other modes, and that 
sample holder 23 can have other configurations and 
positions in the cavity. 
To enable the EPR spectroscopy analysis of the sam 

ple in holder 23 to be performed, a modulation field is 
coupled to the sample, with the magnetic field lines of 
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a coaxial line coupling said microwave source and the 
cavity, and means for variably coupling microwave en 
ergy from the coaxial line to the resonant portion of the 
cavity, said variable coupling means including: a sec 
tion in a portion of said cavity, said section being di 
mensioned so that it is a waveguide beyond cutoff for 
the frequency propagating in said line, a nonferromag 
netic, metallic electromagnetic radiator for the energy, 
said radiator being positioned in the section to electro 
magnetically excite the cavity with the energy, a fixedly 
mounted termination for said line connected to the line 
to be excited by the energy propagating in said line, 
said termination being positioned in the section to be 
inductively coupled with said radiator, and means for 
controlling the inductive coupling between the termi 
nation and the radiator to control the amount of said 
energy radiated by the radiator into the cavity. 
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6 
2. The coupler of claim 1 wherein the means for con 

trolling includes means for moving the radiator relative 
to the termination. 

3. The spectrometer of claim 1 wherein the termina 
tion is a planar loop, said radiator comprising a metal 
stud mounted with a longitudinal axis coplanar with the 
loop and at right angles to the plane of magnetic flux 
lines inductively coupling the loop and the stud, and 
the means for controlling comprises means for varying 
the length of the stud in the section. 

4. The spectrometer of claim 1 wherein the termina 
tion is a planar loop, said radiator comprising a metal 
disc mounted for rotation about an axis at right angles 
to the plane of the loop, and the means for controlling 
comprises means for rotating the disc about the axis. 
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