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This invention relates to a high-frequency radiator. uti 
lized in the practice of diathermy. and other therapy, such 
as, for example, thermotherapy, hypertherily, etc., to 
irradiate small surfaces of the body, i.e. for localized heai. 
treatment. 
The invention proposes to excite a cavity resonator into 

oscillation by means of a microwave generator aid to 
obtain therefrom a radiation for therapeutic purposes by 
interrupting the walls of the cavity by a slot of a par 
ticular shape, as will be described in greater detail here 
inafter, which is transverse to the surface currents in the 
resonator. The alternating field transverse to the slots, 
in turn, causes the ambiance to oscillate, i.e. by means of 
the slots the desired energy is irradiated externally. By 
a suitable shape of the cavity resonator and of the irradi 
ating slots, a satisfactory and uniform short-range field 
distribution may be obtained. 

It is also possible, according to the invention, to cause 
the magnetic field which corresponds to the Surface cur 
rents extending along the inner side of the resonator waiis 
to penetrate into the ambiance. The alternating field 
would produce there an irradiating wave. 
this could be realized by removing parts of the resonator 
wall with the exception of a few strips, which extend in 
the direction of the initial surface currents. 
The invention has for its object to provide a high-fre 

quency radiator, with a cavity resonator in which through 
out the frequency band concerned, for example from 2400 
to 2450 mc./s., the total input energy is irradiated in ac 
cordance with the different absorption properties of the 
body parts, and which correspond to different loads for 
the radiator. 
The novel high-frequency radiator and its associated 

cavity resonator of the invention features, inter alia, a 
cavity resonator which is excited via a coupling element 
and is provided with a diaphragm at one terminal surface. 
The diaphragm is provided with sectional restrictions in 
the y-direction and in the x-direction, for the capacitative 
and inductive load, which form an H-shaped slot having 
a size such that at the operational frequency the dia 
phragm is in resonance. The position of the coupling 
element is also provided to be in resonance at the opera 
tional frequency for the short-circuit condition of the 
cavity resonator as is determined by the nature of the 
coupling. 
The high-frequency radiator, of which the size may be 

smaller than the size corresponding to the wavelength en 
ployed will be capable of irradiating very effectively com 
paratively small body surfaces over a larger frequency 
range, if suitably proportioned. 
The above mentioned and other features and objects 

of this invention will become apparent by reference to the 
following description taken in conjunction with the ac 
companying drawing, in which: 

FIG. 1a is a perspective view of one embodiment of 
the novel high frequency radiator of the invention; 

FIG. 1b is a correlated perspective view of a co-ordi 
nate system helpful in explaining the operation of the 
embodiment of FiG. 1; 

FIG. 2 is a plan view of the diaphragm utilized in the 
novel high frequency radiator illustrated in F.G. 1; 

Structurally, 
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FIG. 3 is a schematic diagram of the equivalent cir 
cuit of the diaphragm illustrated in FIG. 2; 

FiG. 4 is a sectional view of another embodiment of 
the novel high frequency radiator of the invention; 

FiG. 5 is a plan view of the embodiment of the radi 
ator illustrated in FIG. 4; and 

FIGS. 6 to 9 are plan views of other diaphragms having 
modified-shaped apertures utilized in the high frequency 
radiator of the invention. 

Referring to FIG. 1a, a cavity resonator 3 is connected 
to a suitable source of energy, not shown, such as a micro 
wave generator or the like via an energy supply cable, 
not shown, and receptacle or plug 1, and is provided with 
a radiating element 2 which, together, act as a high 
frequency radiator as will become apparent hereinafter. 
Structurally, the cavity resonator 3 serves as a housing or 
mounting for the cable plug , the radiating element 2, 
showii for example as a diaphragm with an i-shaped slot, 
and in the embodiment illustrated in FIGS. 4 and 5 for 
the dielectric cover plate 4 of the diaphragm. 
To provide adequate passage of energy from the reso 

nator 3, which means a suitable transmission of energy 
therefrom, the resonance frequency of the total equip 
ment is selected to be in the proximity of the operational 
frequency and within the bandwidth of the radiator. An 
adequate wide band is obtained by a corresponding for 
mation of the coupling and of the radiating elements. If 
the resonator 3 is to be of minimum size it is advisable 
to use a square cavity resonator, for example, a portion of 
a rectangular cavity resonator of the kind shown in FIG. 
1a. At the same resonance frequency such a resonator 
is smaller than, for example, a cylindrical cavity resona 
tO. 
Among the field distributions (modes obtainable in a 

square space, the H101-mode (or with the interchange of 
the sides b and a; cf. FIG. 1a, the E110-mode) yields the 
minimum geometric dimensions at the operational fre 
quency. A resonator oscillating at this mode is character 
ized by an electromagnetic field distribution having only a 
Y component of the electric field which is constant in the 
y direction and which varies sinusoidally in the x and z 
directions over one-half period, being zero at the walls. 
The excitation of oscillations in a cavity resonator by 

means of a coaxial cable connection may be carried out, 
as is known, with the aid of a loop or of a pin. Whereas 
the additional capacities of a loop are usually so low. 
that the inductive coupling predominates, a pin is capable, 
in accordance with its length and its thickness, of pro 
viding either a capacitive or inductive coupling at will. 
The equivalent electrical circuit is a series circuit. The 
longitudinal currents define an inductance. The electric 
field lines from the pin to the surrounding resonator 
walls, particularly to the opposite wall, define a capacity. 
In order to maintain the resonance of the cavity reso 
nator, in the case of coupling by a pin, the walls are, 
in general to be displaced. With a predominating capaci 
tive coupling, a constant resonance frequency requires a 
smaller space. In the case of inductive coupling, the 
walls are to be displaced to the outer side parallel to 
the axis of the pin in order to maintain the conditions 
of the peripheral values for the field distribution. 

For a wide band adaptation it is advantageous to con 
struct the coupling element between the coaxial conductor 
and the cavity resonator so that at the resonance fre 
quency of the cavity it is also in resonance, which means 
that the inductive share and the capacitive share of the 
coupling are the same and the coupling pin 5 constitutes 
a real resistance (radiation resistance). Thus the reso 
nance frequency of the cavity resonator 3 is no longer 
shifted by a reactive load. The load of the cavity reso 
nator, in the case of resonance, with the real loss resist 
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ance of the coupling series circuit increases the band 
width of the total equipment. A further widening of the 
resonance curve is obtained in that with deviations of 
the frequency from the resonance point with the Series 
circuit a reactive component opposite the cavity reso 
nator resonance causes a circuit load. When oscillating 
in the Ho-mode and when coupled with an orientated 
coupling pin (prolonged coaxial inner conductor) in tle 
y-direction (FIGS. 1a and 1b) the cavity resonator is to 
be regarded, with respect to the end of the cable, in the 
equivalent diagram by way of an impedance as a parallel 
circuit, which is illustrated in FIG. 3. Herein LH desig 
nates the cavity resonator inductance, which is defined 
by the current distribution on the walls; CH is the cavity 
resonator capacity determined by the electrical field in 
the resonator; R is the loss resistance of the resonator, 
determined by the current losses in the walls; Lk desig 
nates the coupling inductance determined by the current 
distribution along the coupling pin and CK is the coul 
pling capacity, i.e. the pin cavity relative to the resonator 
walls, R is the coupling loss resistance, which is given 
by the current losses in the pin and, as the case may be, 
by the dielectric losses in the envelope of the pin. 
So far the cavity resonator is considered as a final 

load of a microwave generator, not shown, and no radiat 
ing elements are provided. If one of the two walls 
parallel to the x-y plane (FIG. 1b) is completely lack 
ing, the microwave energy is transferred from the coaxial 
supply cable to a unilaterally short-circuited, rectangular 
cavity resonator, from which it leaves partly at the open 
end in the form of radiation. The cavity resonator is 
traversed in this case by a travelling wave, which is 
excited by the coupling pin 5. The variation of the field 
lines may also be determined. Whereas the pulsatory 
alternating field remains locally stationary in the cavity 
resonator, the field distribution propagates through the 
cavity resonator with a given phase velocity. 

In order to obtain, for the input energy at the transition 
between the coaxial conductor and the cavity resonator, 
a transfer over a wide band substantially free of reflec 
tion, the position of the resonator short-circuit is to be 
observed apart from the shape of the pin. 

It is advisable to embed the pin 5 in a cylindrical block 
6 of a dielectric which is poor in losses and which ex 
tends from the coupling side 3' to the opposite resonator 
wall 3’ (FIG. 4). The position of the short-circuit wall 
2' thus becomes less critical and for a wider frequency 
band the transition remains poor in reflection. The 
optimum distance d between the short-circuit wall 2' and 
the axis of the pin 5 depends, with a given frequency, 
upon the impedance of the coupling pin 5. If the latter 
is in resonance, a value between 0.26 and 0.32a (Meinke 
Taschenbuch, page 316) has been found empirically, 
wherein a designates the width of the cavity resonator 
(FIG. 1a). This value diminishes, when the pin 5 is 
enveloped by a dielectric cylinder 6. In order to hold 
the coupling in resonance, the coupling pin 5 is to be 
shortened, otherwise the inductive coupling would pre 
dominate. For a predominantly inductive coupling the 
coupling pin 5 is to be chosen larger. 
The accurate or optimum position of the short-circuit 

wall 2 is most effectively determined by a single prior ex 
periment or trial for a given connection between the 
coaxial conductor and the cavity resonator and for a given 
diameter of the coaxial conductor, given sectional area 
of the cavity resonator and given frequency, since the 
field stray at the transitional area can not readily be cal 
culated in advance. 

Since an open cavity resonator in a high-frequency 
radiator for diathermic or therapeutic purposes would, as 
a rule, irradiate too large a body surface, the end of the 
open cavity resonator is covered, in accordance with the 
invention, by a diaphragm 2 so that the penetrating radia 
tion is concentrated adequately in the short-range field. 
Such a diaphragm may, in this case, be a conductive sur 
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face, for example of sheet iron with a suitable interrup 
tion 10 (one or more apertures, slots or the like), of 
which the dimension in the direction of the travelling 
waves (z-direction) is small with respect to AO/y. Vari 
ous forms of radiating apertures are shown in FIGS. 6 
to 9 and these comprise a central slot portion 1 and side 
portions 12-12. Whereas in the case of an open cavity 
resonator the conductor end is unloaded, with the excep 
tion of a radiation resistance, a diaphragm constitutes 
a finite, in general a complex impedance. A shortening 
of the electric field lines, preferably a restriction of the 
Sectional area in the y-direction then corresponds to a 
capacitative load. When the conductor current part (wall 
currents) is increased with respect to the shifting currents 
flowing through the apertured surface, an inductive load 
is caused by the diaphragm, which corresponds prefer 
ably to a restriction in sectional area in the x-direction. 
As is the case with the coupling of the coaxial cable, the 
adequate energy radiation requires such a construction of 
the diaphragm that, at the operational frequency, the 
capacitative and inductive effects just compensate each 
other, so that the diaphragm itself is in resonance. The 
cavity resonator is then loaded by the diaphragm 2 with a 
real resistance (radiation resistance and minimum wall 
losses in the diaphragm sheet). In the case of reactive 
load by the diaphragm the geometric dimensions of the 
cavity may, if desired, be varied to maintain the reso 

C 

With an operational frequency of, for example, 2400 
mc./s., the required Small irradiated surface of, for ex 
ample, 30 x 30 mm. is obtained by a very heavy capaci 
tive load in the center of the diaphragm (narrow slot 1 
in the x-direction) and long current paths at the sides 
12-12 of the diaphragm sheet that form inductances at 
the two ends of the slot (FIGS. 7 and 8). 

FIGS. 6 to 9 show such H-diaphragms, which are 
equivalents of a parallel combination of a series and a 
resonant circuit; cf. FIGS. 2 and 3, RH and Rk are defined 
in this case as radiation resistances by the emitted en 
ergy. As Stated above arrangements, which may be repre 
Sented, as impedances, by such an equivalent diagram, 
give approximately a real resistance with a corresponding 
proportioning of the separate circuits over a wider fre 
quency range. 
An H-slot irradiates a wave of which the electric field 

lines are polarized in the y-direction. The emitted en 
ergy attains its maximum value, when the slot itself is in 
resonance. In accordance with the Babinet principle 
the recess in the resonator wall produces the same electric 
field in the free space as an aerial of the shape of the 
slot, which Would lie in the plane of the initial diaphragm 
plate when turned through 90° with respect to the posi 
tion of the slot and when excited in a similar manner. 
Then the H-slot concerned may be considered, at the 
operational frequency, approximately as a capacity loaded 
Herz dipole. 
As is shown in FIGS. 4 and 5, the high-frequency radia 

tor is connected via a coaxial plug 1 of a coaxial cable 
to the diathermy apparatus comprising the microwave 
generator. The inner conductor 5’ may be prolonged by 
a screw-threaded rod, which operates as a coupling pin 
5. In order to obtain a wider band with this arrangement, 
this rod is screwed, as stated above, in a cylindrical block 
6. The resonator is made of sheet iron. The resonant 
cavity is short-circuited in a sectional area on the side 2, 
whereas the other side is covered by a diaphragm 2 with 
a H-slot 10. For the electrical prolongation of the mini 
mum distance between the diaphragm and the surface to 
be irradiated, a Plexiglas block 4 is applied to the dia 
phragm 2, which block urges at the same time the dia 
phragm sheet against the flange surfaces 20 of the reso 
nant cavity. The length of the coupling pin 5, measured 
away from the resonator wall, the distance between the 
axis of the coupling pin and the resonator short-circuit 2' 
and the dielectric envelope 6 of the coupling pin may be 
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slightly varied in accordance with the various values in 
fluencing the adaptation to a wide range, without detract 
ing from the advantageous properties of the novel high 
frequency radiator. The Plexiglas block 4 may be re 
placed, if desired, by a cover plate of Plexiglas of a thick 
ness of a few millimeters. In order to concentrate the 
radiation beam in the vicinity field to a sectional area of, 
for example 30 x 30 mm., a diaphragm having an H 
shaped slot as shown in F.G. 6 is particularly advanta 
geous, but under given conditions, for example different 
concentration requirements, the other shapes of dia 
phragms shown may be effectively employed. 
What is claimed is: 
1. A high frequency radiator for providing radiation to 

heat treat small body surfaces, said radiator comprising a 
cavity resonator having at least one terminal wall, cou 
pling means to couple said resonator to a source of high 
frequency energy to provide electromagnetic oscillations 
having a predetermined operationai frequency within said 
cavity resonator, and means to transmit externally a pre 
determined amount of the energy produced by said electro 
magnetic oscillations to provide said radiation, said means 
to transmit comprising an H-shaped aperture disposed on 
said one terminal wall and adapted to be in resonance 
with said operational frequency. 

2. A high frequency radiator according to claim 1 
wherein said cavity resonator further comprises a duct 
member having a first pair of mutually parallel walls, a 
second pair of mutually parallel walls disposed at right 
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angles to the walls of said first pair and a third pair of 
walls disposed at right angles to the respective walls of 
said first and second pairs, one of the walls of said third 
pair comprising said one terminal wall having said H 
shaped aperture, and said means for coupling comprising 
a coupling element normal to one of the walls of said 
first and second pairs and adapted to extend into said 
cavity resonator. 

3. A high frequency radiator according to claim 1 
wherein the crossbar portion of said H-shaped aperture 
has a relatively narrow width dimension and the vertical 
leg portions of said H-shaped member have relatively large 
length dimensions. 

4. A high frequency radiator according to claim 1 fur 
ther comprising a dielectric member disposed on said one 
terminal wall having said aperture. 

5. A high frequency radiator according to claim 2 
wherein said coupling means further comprises a cylindri 
cally shaped dielectric member having a hollow portion 
and disposed within said cavity resonator, and said cou 
pling element further comprises a pin adapted to be dis 
posed in said hollow portion. 
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