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ABSTRACT OF THE DISCLOSURE 
An open sided dielectric cavity structure defined by 

spaced conducting plates and a dielectric member extend 
ing between said plates, and means for introducing micro 
wave energy into the cavity adjacent to the dielectric mem 
ber including a wavguide positioned adjacent to one of the 
dielectric plates and coupled to the space between the 
plates through a coupling opening. The subject cavity 
structure may also include a second waveguide adjacent 
the other spaced plate and coupled to the space therebe 
tween through another coupling opening to introduce mi 
crowave energy into the cavity at a different frequency, 
and the Subject structure may also include means for in 
troducing other types of energy into the cavity including 
magnetic and radiation energy. 

The present invention relates generally to resonant de 
vices and the like and more particularly to a cavity reso 
nating device employing dielectric means in the construc 
tion and operation thereof. 

Numerous devices are in existence which employ reso 
nant chambers or cavities as parts thereof. These devices 
are used for many different purposes and particularly for 
relatively high frequency applications, and various means 
are employed for stimulating or exciting the known de 
vices to perform some purpose. However, the means used 
in the construction of known cavities are usually rela 
tively impervious to certain kinds of stimulations and this 
has limited their usefulness. For these and other reasons 
known cavity resonator devices have been limited in their 
usefulness, unsatisfactory for many purposes and too ex 
pensive for many applications. 
These and other disadvantages and shortcomings of 

known cavity resonators are overcome by the present de 
vice which includes an open sided resonant cavity device 
constructed of two spaced electrically conductive plate 
members with a dielectric member extending therebe 
tween, and with means for stimulating or exciting the cav 
ity including a microwave energy source and a wave guide 
for feeding energy from said source into the cavity. The 
shape and dimensions of the cavity forming members in 
cluding the dielectric member effect the operating and 
other characteristics of the device. Furthermore, the sub 
ject device is more versatile than known cavity resonators 
and is particularly well suited for examining materials by 
spectroscopic and other methods and can be used for 
many other purposes such as in radar, microwave teles 
copy, and maser applications to name a few. 

It is therefore a principal object of the present inven 
tion to provide relatively inexpensive means for forming 
a resonant cavity which is suitable for spectroscopic and 
other uses. 
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It is another important object to increase the versatil 

ity and usefulness of devices employing resonant cavities. 
Another object is to provide a resonant cavity for use 

in examining and analyzing substances as by spectro 
scopic techniques in which the substances being examined 
can be subjected to or stimulated by a great variety of 
energy forms. 

Another object is to provide an improved resonant cav 
ity for microwave spectroscopy including means for ob 
taining more information from spectroscopic examina 
tions. 

Another object is to provide improved means for in 
troducing energy into a resonant cavity. 

Another object is to provide improved means for tun 
ing and otherwise varying and adjusting the characteristics 
of cavity resonators. 

Another object is to provide improved means for orient 
ing a sample in a resonant cavity. 
Another object is to provide a resonant cavity that is 

easily adapted for operation at low temperatures and in 
WaClS. 

Another object is to provide a resonator that can be 
made relatively large even at very high frequencies. 
Another object is to provide an improved maser con 

struction including improved pumping means therefor. 
These and other objects and advantages of the present 

invention will become apparent after considering the fol 
lowing detailed specification which discloses several pre 
ferred embodiments thereof in conjunction with the ac 
companying drawing, wherein: 

FIG. 1 is a fragmentary cross-sectional view of a cavity 
resonator device constructed according to the present in 
vention; 

FIG. 2 is a side elevational view partly in section show 
ing a modified form of the subject cavity resonator device; 

FIG. 3 is a cross-sectional view similar to FIG. 1 of 
still another modified form of the subject device; 

FIG. 4 is a cross-sectional view similar to FIG. 1 but 
including other excitation means therefor; 

FIG. 5 is a cross-sectional view taken on line 5-5 of 
FIG. 4 and including still other excitation means; 
FIG. 6 is a cross-sectional view showing a modified 

form of dielectric element per se for use on the subject 
device; 

FIG. 7 is a perspective view showing yet another form 
of the subject device; and 

FIG. 8 is a side elevational view showing yet another 
modified form of the subject device. 

Referring to the drawing by reference numbers, the 
numbers 1 and 2 identifying two spaced electrically con 
ductive plates of predetermined size and shape. A tubular 
member 3 of dielectric material extends between the 
plates and may provide mechanical support but its main 
purpose is to establish a resonant condition. The physical 
characteristics of the members 1, 2 and 3 determine the 
operating or resonant frequency and the quality factor Q 
of the cavity. It is essential to the operation of the device 
as a resonator that the dielectric member 3 be constructed 
of a non-conductive dielectric material because otherwise 
no resonance would occur. The physical characteristics 
of the members, however, can be varied considerably 
without changing the nature of the device as will be 
shown. 
The dielectric tube 3 and the two spaced conductive 
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plates 1 and 2 operate as a high Q microwave resonant 
cavity, the frequency of which is determined by the spac 
ing between the plates 1 and 2, the inside and outside 
diameters of the tube 3 and the dielectric constant of the 
tube material. 

Microwave energy is introduced into the resonant cavity 
between the plates 1 and 2 adjacent to the tube 3 by 
means of a suitable wave guide 4 which communicates 
with the cavity through a coupling hole 5 in the plate 1. 
The location of the wave guide 4 and of the coupling 
hole 5 within limits are not critical and can be varied. For 
example, the coupling hole 5 can be located in an area 
of the plate 1 defined by the tube 3, or it can be located 
outside of this region. It can even be located in alignment 
with the wall of the tube 3. The microwave energy in 
troduced into the cavity through the coupling hole 5 can 
also be introduced within a relatively wide range of micro 
wave frequencies, as for example, from about 1 gc. to 
about 500 gc. The location of the coupling hole 5 and the 
orientation of the input energy feed wave guide associated 
therewith will also have an effect on the operating char 
acteristics of the device including determining the mode of 
its microwave resonance. Other coupling configurations 
are also possible. 

In the particular form of the invention shown in FIG. 
1 the device is constructed specifically for examining or 
analyzing substances, and the dielectric member 3 is 
shown to be tubular in shape. It can also be constructed 
of transparent or of opaque material. In this particular 
construction the tube 3 is used to contain a sample sub 
stance 6 to be examined, and the sample 6 can be in a 
solid, liquid or gaseous form. The sample is examined 
or analyzed by being sugjected to predetermined stimula 
tions such as microwave stimulation, magnetic stimula 
tion, light stimulation and other forms of stimulation. 
Subjecting the sample substance to these and other forms 
of stimulation for analysis purposes is usually referred to 
as spectroscopic examination or analysis. In FIG. 1 the 
substance 6 being examined is positioned in a separate 
container 7 which is located inside or outside the tube 3. 
It can also be confined, or positioned, in the tube 3 be 
tween the plates 1 and 2 as shown in FIG. 3, if desired. 

FIG. 2 shows a somewhat similar construction to FIG. 
1 but instead of using a tubular dielectric member it uses 
a dielectric rod 8. In this construction the substance to 
be examined is embedded in the rod 8 in granular or 
other form, as desired. 
The construction shown in FIG. 3 is also similar to 

that shown in FIG. 1 but differs therefrom primarily be 
cause it has a dielectric rod 9 which extends through the 
plate 1a into the space defined by the dielectric tube 3a. 
The axial position of the rod 9 in this structure is prefer 
ably adjustable by sliding it through the plate 1a, and the 
rod 9 is used to vary the operating characteristics of the 
device including tuning the resonant cavity. Means can 
also be provided to retain the rod 9 in any desired posi 
tion. The rod 9 can be constructed of a wide variety of 
materials including dielectric materials. As already noted, 
the substance 6 being examined is also shown confined 
only by the wall of the tube 3a and by the plates 1a and 
2a and is not positioned in a separate container as in 
FIG. 1. 

In the construction shown in FIG. 4 the cavity is 
defined by plates 1b and 2b and by the tube 3, and in 
this construction magnetic members 10 and 11 are pro 
vided to establish a magnetic field in the cavity. The 
magnetic members 10 and 11 can supply a DC magnetic 
field or an alternating field using modulating coils such 
as the coils 10a and 11a shown in FIG. 7. The magnetic 
modulation field in this case is introduced into the sub 
ject device without eddy current losses which normally 
occur with metal cavities. The location of the magnetic 
means is not critical to the operation and they can be 
located as shown or they can be located in other places 
as, for example, within or between the plates. If the field 
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4. 
produced by the magnetic means is modulated any suit 
able modulating frequency can be used. 

If the subject resonant device is used for making spec 
troscopic examinations, it may be desirable to have the 
tube 3 or the rod 8 constructed of transparent or trans 
lucent dielectric material such as glass, quartz, plastic or 
like material. This enables the substance being examined 
to be exposed or stimulated by a greater number of en 
ergy forms such, for example, as visible and invisible light 
radiation, and this in turn substantially increases the in 
formation obtainable from such examinations. This is 
illustrated in FIG. 5 by the provision of light source 12 
and lens 13 which are located and adjusted to focus light 
on the substance being examined. The substance in this 
case is shown for illustrative purposes as lump 14. In this 
construction therefore the lump 4 is exposed to micro 
wave energy from a source such as the wave guide 4, a 
DC or fiuctuating magnetic field produced by the mag 
netic means shown, and also to the light focused thereon 
from source 12. The light can be visible or invisible light. 

FIG. 6 shows a modified form of transparent dielectric 
tube 15 in which the walls are constructed as one or more 
lens elements which serve the same purpose as lens 13 in 
FIG. 5 to focus light from an external source on a sub 
stance being examined. The substance in this case is also 
positioned inside the dielectric tube 15. 
The changes that take place in substances under test 

due to exposure to the various stimulation forces including 
light energy can be noted by suitable detection means 
such as by an alternating current detection circuit which 
includes means for introducing and Superimposing an 
AC signal into the region of the sample onto the micro 
wave and other stimulation sources. Heretofore, resonant 
cavities have been enclosed on all sides by metal walls 
or the like which cannot be penetrated by certain kinds of 
energy such as modulating signals, high frequency mag 
netic fields, and light radiations, and this limited the pos 
sible ways of stimulating a sample and therefore also 
limited the usefulness of spectroscopy and other similar 
means of examining substances. These disadvantages are 
overcome by the present structure which has an open 
sided resonant cavity constructed in part by a dielectric 
member which can be made transparent so as to transmit 
other forms of stimulating energy. 
One purpose of magnetic resonant spectroscopy is to 

determine the energy level splittings of materials. An 
energy level splitting is the difference between two or 
more energy levels, i.e., E-E=h (f-f) where E1 and 
E2 are different energy levels, h is a constant factor some 
times called Planck's constant, and (f-f) is the fre 
quency difference between particles at the different levels. 
If energy at the proper frequency is introduced into a 
substance some of the energy will be absorbed by the sub 
stance. The energy level differences or splittings which 
occur may depend upon the presence of a DC magnetic 
field and on its magnitude and direction of application. 
To observe energy level splittings, therefore, energy at 
frequency (f-fi) is introduced into the substance and 
the applied magnetic field is slowly varied until some 
energy absorption occurs. Since the amount of energy 
absorption is usually relatively small, microwave cavities 
such as described above are used to enhance the effect of 
the applied microwave field. In order to detect the energy 
absorption that takes place, an AC detection device is 
employed as aforesaid. The introduction of an AC signal 
in the region of the sample, which signal is superimposed 
on the microwave signal, is applied by means of a periodi 
cally time varying magnetic field. In the known cavity 
resonators, however, very high frequency modulated mag 
netic fields will not penetrate the metal cavity walls that 
contains the sample and therefore cannot be used effec 
tively. This problem is overcome by the present cavity 
construction which has an open sided cavity in which the 
Substance under examination is positioned in a dielectric 
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as distinguished from a metallic container. This therefore 
is an important advantage obtained by the subject device. 
By using a transparent dielectric tube the substance can 
also simultaneously be exposed to light radiations of any 
desired wave length. 

FIG. 8 shows another modified form of the subject 
device wherein the device is made to operate as a maser. 
In this construction a rod 16 of ruby or some other suit 
able crystalline dielectric material extends between spaced 
conductive plates 17 and 18 which define the cavity. The 
microwave energy from the wave guide 19 produces a 
resonant condition or frequency in the dielectric rod 16. 
A second input wave guide 20 is positioned adjacent to 
the plate 17 and provides a second source of microwave 
energy which is the input signal and which is usually of 
considerably less magnitude than the signal produced by 
the pump 19. The input signal from the wave guide 20 pro 
duces a second different resonant condition in the ruby rod 
16 so that two resonant conditions or modes exist simul 
taneously in the same cavity. The output from the maser 
is sensed in the wave guide 20 and is due to a change in 
the population distribution between energy levels which 
exist in the ruby rod (16. For example, considering that 
three distinct energy levels are possible in the rod 16, 
some of the electrons present at the first or lowest energy 
level will be stimulated by the microwave input from 
the pump source and will undergo a transition from the 
lowest energy level to the third or highest energy level 
thereby absorbing energy at frequency (f-f). Under 
suitable conditions the number of excited electrons in 
levels one and three may become equal leading to a situa 
tion in which more excited electrons reside in level three 
than two, or in two than one. This condition is known as 
population inversion. If a signal energy at the proper fre 
quency (f-fa) or (fa-f) depending on the inversion, 
is now introduced the electrons in the inverted level will 
undergo a transition to a lower level emitting energy at 
the signal frequency. 
The energy levels or states that the ruby particles pos 

sess when stimulated are discrete energy levels and the 
changes that take place also occur in discrete steps when 
the particles undergo a transition from one level to an 
other. These changes are accompanied either by an ab 
sorption or an emission of photon of electromagnetic 
wave energy at a frequency determined by the difference 
in the frequencies of the different energy levels between 
which the changes occur. If, for example, a transition 
occurs from a low energy level to a higher energy level, 
energy absorption will take place, but if the transition is 
from a higher to a lower energy level then emission will 
take place. It must be remembered, however, that each 
change from a low level to a higher level is accompanied 
by a corresponding decrease in the population of the 
lower level after the stimulation is initiated. In the maser 
shown in FIG. 8 most of the energy absorption is pro 
duced by the energy pumped into the system through the 
pump wave guide 19. Therefore, in order for emission to 
occur the number of particles at the various levels, some 
times called the population ratio, must be modified or 
inverted so that there are more particles in the higher 
levels than in the lower levels otherwise useful energy 
will not be available at the appropriate transition fre 
quency. The number of discrete energy levels can also be 
increased, if desired, by choice of different materials. 
The theory of maser operation, including transitions 

between different energy levels to produce useful emis 
sion, is a well known phenomenon and as such is not 
part of the subject invention. However, the construction 
of a maser having an open sided resonant cavity as shown 
in FIG. 8 is new and represents an important application 
and construction of the subject invention. 

In the maser described above the physical size of the 
resonator can be made relatively large even at relatively 
high frequencies which is an advantage not heretofore 
obtainable in masers using conventional resonant cavity 
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6 
structures. It is also possible with a maser construction 
as shown and described to use an external energy source 
such as a source of light for added stimulation. 
The dimensions and the specific configuration and reso 

nant condition of all of the forms of the device shown 
and described can be varied as already noted and the 
dielectric member can also be chosen from a relatively 
wide range of materials and can have many sizes, shapes 
and dielectric constants. The geometry of the subject 
device also lends itself to many different experimental 
and other uses not heretofore possible with known cavity 
resonators some of which have been suggested. The sub 
ject devices can also be used to produce double resonant 
conditions using microwave and radio frequencies simul 
taneously, it can be used for radar applications, radio 
telescopic applications, spectroscopy, and for many other 
SeS. 

The subject device can be used for many different elec 
tron spin resonance experiments generally involving the 
interaction in a sample of microwave fields with one or 
more modulation fields. Typical electron spin resonance 
spectrometers employ alternating magnetic modulation 
fields to allow phase sensitive detection. In certain experi 
ments it is also desirable to have optical energy interact 
with the sample. The introduction of optical energy or 
modulation signals to the sample is complicated in known 
resonant cavity structures by the presence of the cavity 
structure itself which supports the microwave fields. In 
the most commonly used microwave structure having a 
metallic wave guide cavity, eddy current losses substan 
tially reduce the modulation field and this is undesirable 
and limits their usefulness. Attempts to overcome this 
problem with slits in the cavity wall, internal modulation 
coils and other means are also undesirable because they 
usually degrade the cavity Q and result in a complicated, 
bulky, and expensive construction. All of these problems 
are overcome by the present construction which is rela 
tively simple to construct and use and which comprises 
two metal end plates separated by a dielectric rod or tube, 
means for coupling microwave energy into the structure 
through an iris in one of the end plates, and other means 
for introducing other forms of energy including magnetic 
energy and light energy. 
What is claimed is: 
1. A resonant cavity structure for use in electron para 

magnetic reosance spectroscopy comprising a pair of 
spaced plate members constructed of electrical conduct 
ing material, a tubular member constructed of light con 
ductive dielectric material extending across the space be 
tween said spaced plates at an intermediate position, a 
dielectric specimen to be analyzed positioned inside said 
tubular member, means including a waveguide coupled to 
the space defined between the spaced plates through an 
opening in one of the plates for introducing microwave 
energy into the space between said plates in the region 
of said dielectric member, and means for establishing a 
magnetic field in the space between said plate members 
and around said tubular member, said plates and said 
dielectric member defining an open sided resonant cavity 
capable of simultaneously supporting microwave energy 
at more than one kind of operating mode, the operating 
characteristics of which depend upon the size and shape 
of the aforesaid members. 

2. A resonant cavity structure capable of simultaneously 
supporting more than one type of operating mode therein 
comprising a pair of spaced plate-like members constructed 
of electrical conductive material, a member constructed of 
dielectric material positioned extending across the space 
between said plates at an intermediate location, means 
including a waveguide coupled to the space defined be 
tween the plates through an opening in one of the plates 
for introducing microwave energy into the space between 
said plates and adjacent to said dielectric member, and 
other means including magnetic means having spaced pole 
pieces positioned on opposite sides of the space defined   
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between the plate-like members and on opposite sides of 
the dielectric member for establishing a substantially un 
interrupted magnetic field between said plates and around 
said dielectric member. 

3. The resonant cavity structure defined in claim 2 
including means for time varying said magnetic field. 

4. The resonant cavity structure defined in claim 2 
wherein said dielectric member is tubular in shape and 
has opposite ends positioned respectively adjacent to Said 
spaced plates. 

5. The resonant cavity structure defined in claim 2 
wherein said dielectric member is transparent. 

6. The resonant cavity structure defined in claim 2 
wherein said dielectric member is tubular in shape and is 
constructed of transparent material capable of focusing 
light failing thereon to a region defined therewithin. 

7. The resonant cavity structure defined in claim 2 
wherein said dielectric member is rod shaped. 

8. A resonator device comprising a pair of spaced con 
ductive plates, a dielectric member positioned extending 
between said plates, said plates and said dielectric mem 
ber defining an open sided cavity capable of simultaneously 
supporting microwave energy at more than one type of 
operating mode therein, a waveguide mounted adjacent 
to one of said spaced plates, means including a hole formed 
in said one plate adjacent to said waveguide and adjacently 
to one end of said dielectric member, said hole establish 
ing communication between the waveguide and the space 
defined between said plates and adjacent to said dielectric 
member for the introduction of microwave energy present 
in the waveguide into said space, means for establishing 
a substantially uninterrupted magnetic field between said 
spaced plates and around said dielectric member includ 
ing a pair of spaced magnetic pole pieces positioned on 
opposite sides of the space defined between the plates and 
on opposite sides of the dielectric member, and means 
including a chamber in the dielectric member for contain 
ing a substance to be examined. 

9. The resonator device defined in claim 8 including 
means for modulating said magnetic field. 

10. The resonator defined in claim 8 wherein said di 
electric member is tubular in shape and has light conduct 
ing properties, the chamber for positioning the substance 
to be analyzed being defined by the tubular shape of the 
dielectric member. 

11. The resonator defined in claim 10 including a source 
of radiation energy, said substance to be analyzed being 
positioned to be exposed to the radiation energy source 
through the open space defined by the spaced conductive 
plates. 

12. A resonator comprising a pair of spaced electrically 
conductive plates and a dielectric member extending there 
between, means including a waveguide positioned adja 
cent to one of the spaced plates and coupled to the space 
therebetween through an opening therein adjacent to one 
end of the dielectric member for introducing microwave 
energy into the space between said plates adjacent to said 
dielectric member, said plates and said dielectric member 
defining an open sided resonant cavity capable of simulta 
neously supporting microwave energy in more than one 
different kind of operating mode, and means for changing 
the resonant frequency of the cavity including a second 
member constructed of dielectric material extending 
through one of said conductive plates into the space be 
tween said plates, said second member extending through 
a hole in one of said plates and being movable through 
said hole relative to the resonant cavity, said second di 
electric member being retained in a selectable adjustment 
position extending a predetermined distance into the space 
defined between the spaced conductive plates by frictional 
engagement thereof with the aforesaid dielectric member. 

13. A maser comprising a resonant cavity including a 
pair of spaced plate-like members having electrical con 
ducting properties, a dielectric member having suitable 
properties extending between said plate-like members, said 
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8 
spaced plate-like member and said dielectric members de 
fining an open sided cavity structure capable of simulta 
neously supporting microwave energy in at least two dif 
ferent kinds of modes, a first waveguide including a first 
Source of microwave energy mounted adjacent to one of 
Said plate-like members, means coupling said first wave 
guide to the space between said pair of spaced plate-like 
members for introducing microwave energy at a first pre 
determined resonant frequency into said cavity, a second 
waveguide including a second source of microwave energy 
mounted adjacent to the one of said plate-like members, 
means coupling said second waveguide to the space be 
tween said pair of spaced plate-like members for introduc 
ing microwave energy of another frequency into the cavity 
to produce resonance therein at a different frequency, 
and means for establishing a substantially uninterrupted 
magnetic field in said cavity. 

14. The maser defined in claim 13 wherein said dielec 
tric member extending between the plate-like members is 
constructed of ruby. 

15. A maser comprising a pair of spaced plate-like 
members constructed of electrically conductive material, 
a crystalline member having dielectric properties extend 
ing between said plate-like members to define an open sided 
resonant cavity therewith, said cavity being capable of 
simultaneously supporting microwave energy in at least 
two different kinds of modes, a first waveguide including 
a first source of microwave energy mounted adjacent one 
of said plate-like members, means coupling said first wave 
guide to the space between said pair of space plate-like 
members for introducing microwave energy at a first fre 
quency into said cavity, a second waveguide including a 
Second source of microwave energy mounted adjacent to 
one of said plate-like members, means coupling said sec 
ond waveguide to the space between said pair of spaced 
plate-like members for introducing into said cavity micro 
wave energy of a different frequency, said first waveguide 
introducing microwave energy into the cavity to stimulate 
particles in the dielectric member to undergo transitions 
between first and second distinct energy levels, the second 
of said waveguides introducing microwave energy into 
the cavity to stimulate particles in the dielectric member 
to undergo transitions between one of the aforesaid energy 
levels and a third distinct energy level, and means for 
establishing a DC magnetic field in said cavity. 

16. A maser device comprising a crystalline member 
having distinct quantum-transition energy levels denoted 
in increasing order of magnitude with transition frequency 
differences between the levels, a cavity resonator wherein 
Said crystalline member is disposed for irradiation by 
Wave energy, said cavity resonator being adapted to reso 
nate simultaneously at each of said transition frequencies, 
said cavity resonator including an open sided cavity de 
fined by a pair of spaced conductive plate members with 
the crystalline member extending therebetween, and means 
including separate microwave energy sources coupled to 
the cavity resonator through respective coupling orifices 
formed in the pair of spaced plate members at locations 
adjacent to the crystalline member for exciting said cavity 
resonator in Such manner as to irradiate said crystalline 
member simultaneously at each of said transition frequen 
cies to stimulate emission of radiation energy by said 
crystalline member. 

17. The maser device defined in claim 16 including 
means for producing a substantially uninterrupted mag 
netic field in said cavity resonator. 

18. A resonator device comprising a pair of spaced 
conductive plates, a dielectric member positioned extend 
ing between said plates, said dielectric member being tubu 
lar in shape and having light conducting properties, a 
waveguide mounted adjacent to one of said spaced plates, 
means communicating said waveguide with the space de 
fined between said plates and adjacent to said dielectric 
member for the introduction of microwave energy into 
Said space, means for establishing a magnetic field between 
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