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Thls_ mv ntlon relaﬁes to a therapeutlc de-

'adlatlng element may e subsequently used
t further adjustmeént to assure a maxi-
i adVantageous tatch of the impedance
e radla.tmg elément to the impedanée of
“expected eondition -of ‘body being tréated
to thus obtam the - desired heatmg ‘effect
maxxmum eﬁimency
t 1s a further obJect of this 1nventlon 16 pro-
a therap'eumc devite utilizing the heating
sets of eléctromaghetic radidtions in - the
bwaﬁve spectrum specified and haviiig fixéd-
Tiedns for:_generatmg stich vadiations to-
1 h broadly - tuned ‘means for radlatmg

nt of powér for the radiations to be ap-
“Additional dbjects and advantsges of this
on Will be apparént -with réference to the
liowing specification afid’ drawing in which the
e figiire illustrates a preférred embodiment
“of “the invention employing -a magnetron oseil-
lator “combinéd with a -bréddly tuned rdadidtor
“Hnd dlrector ‘the diréctor being shown in half-
““xéltion along -the axis of the matching: stub:

1 heatlng effects by electromaghetie radia-
~tlons in ‘the frequency range, commonly known
“Hs the hiicfowave spectium, may be observed in
arious types of microwave apparatis. For ex-
e, 4 hand held ‘in front of the radlatmg
“ROFL of a-converitional radar méchine will, un-
der ‘értain favorablé conditions, become Heated.
"reful ana1y51s ‘and study of such hesting
to therapeutic ‘apparatis, has
‘pricr to this invention. 'As-a

“Fesitlt ‘of “an -analysis @nd. study leading to this ;

i foédtion of the tlssues béing treated and the g;

40

45

(C1. 128-—404)

“favention; it has béen found that a conventional

radar System' generator and radiating horn' may
hot be effectively dand practically used in tle
therapettic applications, hereihdffer to be reé-
ferred to as microwave diatheriny; in: view of the
Mdny speeidl conditions- peculiar {6 such’ dia-
th i¢ application which would make s converi-
tionial radar system ineffective to' produce the
desired tesults:

O1¢ 6f the prinieipal considerations presenting
% ‘diffictilfy to be overcome; peculiar to ‘the use
of miérowave rddigtions ih a -therapeutic- ap-
pligation ds distihgdished from a mere adapts~
tién of o céonventional raddr -system: for such
puipose, is the fact that the wvaridble loading

and conditions of impedance match represerted

By the energy absorption in ‘the tissues being
treated are ‘physically close to fhe radidéing ele-
ment ‘and ieflector so that & special condition
of aversge iMipedance matching between the ra-
digtirlg elenrent and the body being treatéd must
bé had in order to assure that the radiations will
not be reflected from the surface -of different

" bodies being treated. It has ‘also been .deter-
25

fnined that. 4 conventional radar type of sharply
tuned ‘radiator is not effective to supply ~a

“retuisite - amount :of energy when- the -radiation
.generator is pushed. or pulled off frequency due
“to the effects of the variable loading ahd vari-
able impedance matchihg represented by the

closely -adjacent -energy ‘absorbing body to be
titated. This invention provides for a novel

“conibinagtion with a .generator .of microwave ra-
diations of 4 broadly tuned radiating element

and refléctor, hereinafter referred to :as a di-
rectol, which is -designed for 4 predetermined
impedance condition to produce :a desired tio-

~load standing wave ratid to: assure a maximium
conditien of impedance matthing when a lead

such as any average body to be treated: is brought

~into ‘epérating range of the apbaratus under all

average conditions: of treatment .and  whieh:is
effective ‘to maintain substantial resonance -of

-thHe -direetor to:the freguency of the generator,
Tegardless of ‘a.generator freguency shift due to

vdriable loading: effeets in response-to-the vari-

‘able -conditions -of ‘therapeutie -applications.

In thé following detailed deseription-of the in-
vention, reference is made to:the single figure

-of the drawing wherein a continuous wave mag-

netron oscillator 10 :is ‘shown 10 be energized

-fromm a souree of [direct curretit -4 in:a . conven-

tional manner with the positive termingl :6f the

Boures and the anodé of ‘the magnetron ground-

ed, The magnetron is shown in:schematie ‘out-
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Yine and it will be understood that a suitable
fllament supply for heating the cathode (not
shown) is provided. The magnetron 10 is of the
fixed-tuned variety manufactured to oscillate at
a selected frequency for its principal mode of
operation. The frequency of operation for the
magnetron 10, when used in the therapeutic ap-
paratus being: described, may be selected to be
within the range. of 2300 megacycles per second
to 3300 megacycles per second. Instead of the
magnetron type of oscillator 10, it should be un-
derstood that other generators of microwave
electromagnetic radiations within the frequency
range specified may be used where suitable.

The pickup loop 12 of the magnetron oscilla-
“tor 10 is connected by conventional coupling
‘means to the flexible coaxial cable (3 whose
outer sheath is connected toc the magnetron
.anode and grounded as shown. The other end
.of the flexible coaxial cable {3 is connected by
‘the threaded coupling (4 to the combined ra-
«diating element and refiector herein known as
‘the director 5. Thus the director may be
-€asily moved into a cooperating position with a
body to be treated.. o

The director 15 has a cylindrical matching
sleeve {6 of brass or other suitable metal enclos-
ing the inner metal conducting rod {71 also of
brass which is insulated therefrom except at
the grounded end 20. The outer metal sleeve 16
is electrically connected and grounded to the
outer conductor of the flexible coaxial cable 13,
while the inner metal conductor 17 is connected
to the inner conductor of the flexible coaxial
‘cable 13. Pastened at right angles to the inner
metal conductor iT is the radiating element 18
‘which is adapted to extend through an opening
19 in the metal sleeve 16. The radiating ele-
ment (8 is fastened to the inner conductor 11 at
a point approximately one-quarter wave length
from the end of the conductor 17 that is grounded
at 20 to the outer metal sleeve 16. The radiat-
ing element 18 is approximately one-quarter wave
length in length and is of comparatively large

- diameter in order to assure a high capacity to
ground and a consequent broad band of frequency
response. Surrounding the radiating element 18
is a hemispheric metal reflector 21 fastened by a
metal bushing 22 to the grounded metal sleeve
16. It will be noted that the radiating element
18 extends through the opening 23 without con-
tacting the reflecting element 21. A protective
cover 24 of pliofilm is placed over the opening of
hemispheric reflector 21 in order to prevent ac-
cidental body contact between the radiating ele-
ment {8 and the reflector 21 such as would. pro-
duce an arc and injure the body. The cover of
pliofilm or other suitable material is, of course,
transparent to the passage of the radiations
emanated.

The director 15, constructed as described, pro-
vides in some manner not well understood a beam
of radiations having a pattern or beam width
equal to the width of the opening of the reflec-
tor 21 upon an object placed within a distance
not greater than a wave length from the reflec-
tor opening. Thus, in empleying the therapeutic
apparatus of this invention, the reflector 2l

" may advantageously be positioned at a distance
preferably not greater than a wave length from
the body to be treated (shown as human elbow
25) thus providing a desired focusing of the
radiations.

As previously mentioned, it has been found, as
‘% result of careful study, that the director. 1§
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comprising thé radiating element {8 and reflec-
tor 21 must be properly matched in impedance to
the terminating impedance of the body being
treated in order to prevent undesired reflection
of the radiations from the surface of the body,
thus obtaining maximum efficiency of opera-
tion. Methods of matching microwave radiating
devices to various impedances representative of
the intended loading of the antennae are well
known and it is a common feature of all such

- known methods that the radiating elements and
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reflectors must be cut and tried until the desired
results are obtained. For example, the react-
ance of the radiating element and reflector may
varied by changing the capacitance to ground
of the radiating element or by changing its posi-
tion with respect to a grounded reflecting element
or by changing its inductance. In the specific
example of one form of director which has been
described, the diameter, length and position of
the radiating element I8 with respect to the
matching stub 17 and the reflector 21, may be
determinant of the total impedance of the an-
tenna. There may be other factors contributing
to the total impedance such as the coaxial cable
and the magnetron oscillator. However, it has
been discovered by this invention that the total
impedance of the director must produce a no-
load standing wave ratio within the range of
1.2 to 1 and 1.6 to 1 in order to obtain the cor-
rect loaded impedance matching, and, therefore,
a minimum standing wave ratio when the surface
of an average body to be treated is brought with-
in operating range of the director. In’ other
words, if the director is designed in accordance
with the teachings of this invention, it appears
that inherently a reactive component is present
in the director which is effective to cancel the
reactive component in the body being treated
to thus assure an optimum of impedance match-
ing with the body being treated under average
conditions of therapeutic applications. Testing
of the director constructed in accordance with
the above considerations, by observing the heat
effects produced in various bodies of flesh repre-
sentative of the various bodies which may be
treated in therapeutic applications, has disclosed
that, with the director positioned approximately
oné-half wave length from the body under test,
and the impedance of the director adjusted to
produce a no-load standing wave ratio within
the range specified, an optimum impedance
matching with any of the bodies under test is
obtained. Therefore, a total impedance for the
director element, resulting in a no-load standing
wave ratio of approximately 1.2 to 1 and 1.6 to 1,
will assure an optimum of impedance matching
for all expected conditions of therapeutic applica-
tions so that once having adjusted the director
to such impedance matched condition, it is not
necessary to subsequently adjust the apparatus
when using it in therapeutic applications.

In using the apparatus of this invention for
therapeutic applications in which the. body of
flesh absorbing the energy radiated is relatively
close to the director, it has been found that a
director having a band width of resonant fre-
quency response less than ten megacycles. per
second is not effective to assure consistent results
with all bodies being treated, in view of an appar-
ent change or reduction of radiated power when
applied to certain types of bodies being treated
under certain conditions. If a director element
having a broad band width of frequency response
of at least 10 megacycles per second and prefer-
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ably more is employed, it is found that there is
substantially no variation in the power and
amount of radiations emanated for all average
variations of bodies to be treated under different
conditions of therapeutic applications. In the
specific form of director shown at 15, the radiat-
ing element (8 is of relatively large diameter to
provide the broad band width of frequency re-
sponse sufficient to obtain the desired results. It
should, of course, be understood that other forms
of broad band radiating elements may be em-
ployed in combination with other shapes of re-
flector elements to obfain a broad band director
unit for combination with a source of microwave
radiations to produce the therapeutic apparatus
of this invention.

One of the advantages of the therapeutic appa-
ratus of this invention, in addition to its extreme
portability, is its ease of operation due to the fact
that it is not necessary to manually adjust the
high frequency oscillator 18 or the director 15 to
resonance in a given band of operation. Neither
is it necessary to adjust the matching of the
impedance of the director 15 to the terminating
impedance of all average bodies to be treated
under average conditions. It is assumed that a
desired frequency band and band width within
the range of 2300 to 3300 megacycles per second
will be provided for operation of the microwave
diathermy apparatus of this invention. Thus
to operate the apparatus of this invention, it is
only necessary to connect the magnetron oscil-
lator 10, factory designed to operate in the middle
of the provided frequency band, to a source of
energizing current which may be a conventional
rectifying system (not shown). It should also
be understood that various sizes and shapes of
director units 15 can be used provided their total
impedance is initially adjusted in accordance
with the teachings of this invention to provide
the correct impedance matching with bodies to
be treated, and that they will further have the
broad band frequency response characteristic, so
that they may be interchangeably used without
the requirement of manually adjusting or cut-
ting of the radiating element to the frequency of
the oscillator.

It should be understood that the invention is
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not limited to the specific elements shown in the
combination since substituted elements having

‘the same characteristics will readily suggest

themselves to those skilled in the art.
© What is claimed is:

1. Therapeutic apparatus comprising a source
of. electrical oscillations having a fregquency
within the microwave spectrum, and meangs con-
nected to said source and resonant to the fre-
quency of said source for radiating said oscilla-
tions in a predetermined direction, said means
for radiating having a total impedance such as
to produce a no-load standing wave ratio within
the range of 1.2 to 1 and 1.6 to 1, said means
for radiating further having a band width of
frequency response of not less than 10 megacycles
per second.

2. Therapeutic apparatus comprising a source
of electrical oscillations having a frequency
within the microwave spectrum, and means in-
cluding a radiating element and a reflector con-
nected to said source for radiating said oscilla-
tions in a predetermined direction, said means
for radiating being resonant to the frequency of
said source and having a total impedance such
as to produce a no-load standing wave ratio
within the range of 1.2 to 1 and 1.6 to 1, said
means for radiating further having a band width
of frequency response of not less than 10 mega-
cycles per second.

HENRY F. ARGENTO.
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