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3 Claims. (C. 310-8.7) 

This invention relates to a piezoelectric oscillator or 
vibrator for ultrasonic waves that is utilizable in par 
ticular as an instrument for purposes of therapeutic 
treatment (so-called massage-head). An object of the 
present invention is the provision of an instrument which 
is distinguished by a compact design that enables a 
particularly high intensity of output to be radiated, and 
not only ensures, even when high voltages are used, 
perfect electrical protection of the body of the patient 
under treatment and painless transmission of the ultra 
sonic vibrations to said patient, but also conducts away 
and otherwise diminishes, in an efficient manner, the 
heat generated in the oscillatory system. These ad 
vantages are primarily achieved according to the inven 
tion by disposing on that side of the vibrator from which 
the ultrasonic waves are emitted a metal plate the thick 
ness of which is an integral multiple of half the ultra 
sonic wavelength (N/2) and conveniently double said 
half wave-length (i. e., \). The result of this arrange 
ment is that the surface of contact between the vibrator 
and the metal exactly coincides with the nodal pressure 
point, i. e., in the loop of the ultrasonic waves, so that 
said surface of contact is mechanically relieved. 

In accordance with a preferred embodiment of the 
invention, said metal plate is firmly joined mechanically 
to the vibrator proper, for instance a piezoelectric 
resonator, by cementing with a solvent-free cement. 
Particularly advantageous for use as the cement for this 
purpose is a polymerization cement whose state of ag 
gregation at operating temperatures is that of a solid. 
Instead of the polymerization cement it is also possible 
to use a thin film of oil or a thin film of a suitable 
grease or Canada balsam or the like, by means of which 
the piezoelectric resonator is mechanically joined to the 
metal plate in the known manner, but this joint is suffi 
ciently firm only if the two elements to be joined to 
gether are each individually tuned to the same natural 
frequency. 
The invention will appear more clearly from the fol 

lowing detailed description when taken in connection 
with the accompanying drawings, showing by way of 
example, preferred embodiments of the inventive idea. 
In the drawings: 

Figures 1 to 7 are diagrams each of which illustrates 
a separate embodiment of the inventive idea. 

In order to enable the quartz to operate against a 
layer of low characteristic impedance, thereby securing 
improved adaptation of the oscillator to the high 
frequency generator, it may be found expedient to dis 
pose between the quartz and the metal plate an ap 
propriately tuned layer of a medium of low charac 
teristic impedance and high tensile strength such as un 
vulcanized rubber, etc. The characteristic impedance 
of the cemented-on plate may also be reduced by pro 
viding said plate at the cemented joint with recesses 10 
so adapted in depth and cross-section that on the one 
hand good transmission of sound from the quartz 2d 
to the plate 1d is achieved (Fig. 5) and on the other 
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hand, through the reduction of the material, the plate 
acquires, in the mean, an acoustically lower charac 
teristic impedance. These weakenings of the material 
may also be so arranged that, as a result of interference 
of the beams radiating therethrough, as in the case of 
the Fresnel lens, an influencing of the radiation field in 
the desired manner is achieved. 

In order to prevent a portion of the ultrasonic out 
put being radiated off in the rearward direction, i. e., 
by the back electrode located on the rear side of the 
piezoelectric resonator, a metal mass 3 or some other, 
for instance ceramic, superficially metallized mass (as 
shown in Figs. 1 and 5) out of tune with the oscillating 
system is used as the back electrode in accordance with 
a further embodiment of the invention, which mass, 
whilst standing in excellent electrical contact with the 
oscillating system, is at the same time arranged in Such 
slight mechanical contact therewith that no or prac 
tically no energy is withdrawn from the oscillating sys 
tem thereby. Conveniently used as such a back elec 
trode is a metal plate which, on its surface facing the 
piezoelectric resonator, is either well roughened or sand 
blasted or provided with mechanically-produced grooves 
or the like. In this way it is possible to ensure that 
the contact between the metal plate serving as the back 
electrode and the, conveniently, metallized surface of 
the piezoelectric resonator is punctual or linear only, 
so that the greater portion of the surface of the back 
electrode remains out of mechanical contact with the 
piezoelectric resonator without, however, satisfactory 
electrical contact between the two parts suffering there 
by. According to still another embodiment of the os 
cillator, in cases where the vibrator consists of a plu 
rality of separate pieces of quartz (2'a . . 2'a) (as 
shown by Fig. 2) (a so-called mosaic quartz), the back 
electrode may consist of a flexible metallic mass 4, 
e.g. a copper-wire net, pressed against the vibrator by 
an elastic cushion or pad 5. 

In order to prevent, in cases where a metal plate is 
used as the back electrode, undesirable corona discharges 
from arising on said back electrode, it is advisable so 
to arrange the layout that the metal plate projects 
slightly beyond the edge of the piezoelectric resonator 
and is well rounded on all sides, as shown in Figs. 1 
and 2. This arrangement at the same time affords the 
further advantage that it is possible to operate the os 
cillator, without hesitation, under relatively very high 
voltage, this being, as is known, important if it is de 
sired to achieve a particularly high density of output. 
For, as a result of the use of the design here selected, 
sparkovers, which would result in the formation of a 
luminous arc dangerous to the piezoelectric resonator, 
are avoided. 

It is particularly convenient in this connection to make 
the electrode of such thickness, or at least to make 
the edge of the electrode of such width, that as 
homogeneous as possible a cylindrical field arises between 
the electrode and the grounded outer jacket. 
A further protection against such undesirable spark 

overs is achieved, as shown in Fig. 4, by providing a 
length of cylindrical or tapering metal tube 6 coaxial 
with the piezoelectric resonator, said tube surrounding 
the piezoelectric resonator and the back electrode whilst 
being suitably spaced therefrom. The end achieved by 
the provision of this length of tube is that, in a manner 
similar to that known in the case of the horn lightning 
arrester used in heavy-current engineering, any luminous 
arc forming from the back electrode 3c to the front plate 
1c and endangering the quartz 2c by its heating effect, 
is immediatty deflected outwards by electrical forces 
and continues burning across the shortest connection be 
tween the back electrode 3c and the protecting cylinder. 
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In this position, however, the arc no longer constitutes 
a danger to the quartz and does not in any way 
jeopardize the useful life of the object of the invention. 
The oscillatory system operates at maximum efficiency 

when not only any radiation of its ultrasonic output 
in a rearward direction, i. e., by the back electrode, is 
prevented as far as possible, but, in addition, if also 
the diameter of the vibrator plate is tuned to the corre 
sponding natural radial frequency. In addition it is de 
sirable to choke as far as possible any radial deflection 
of the generated vibrations in the direction of the handle. 
According to a further embodiment of the invention, 
this aim is achieved by providing in the metal plate 
1c located on the radiating side of the piezoelectric 
resonator one or a plurality of annular grooves 4c 
whose diameter and depth are selected in accordance 
with the purpose stated. 

In order by special means to render ineffective as 
far as possible the waste heat inevitably generated in the 
oscillator in accordance with the invention, and to 
deflect said waste heat from the closure plate itself, 
it is possible, in accordance with a further embodiment 
of the invention, to provide a special filling mass 9 
(as shown in Fig. 3) behind the metallic mass, for in 
stance a metal plate, serving as the back electrode, said 
filling mass being, for electrical reasons, preferably not 
in direct contact with said metallic mass, through which 
filling mass 9 the thermal capacity of the structural 
members of the oscillator is enhanced. A filling mass 
arranged in this way is particularly effective if its melt 
ing-point or point of transformation is in the vicinity of 
the maximum desired operating temperature and if it 
at the same time possesses as high as possible a heat 
of fusion or of transformation. In the case of ultra 
sonic oscillators used for therapeutic purposes (electric 
vibrators for massage) it is expedient to employ a filling 
mass whose melting or transformation point is as near 
as possible to 37 C., as this is the temperature found 
most agreeable when physical contact with the instrument 
takes place. Examples of substances that can be used 
to constitute such a mass are phenol, lauric acid, capric 
acid, p-toluidin and similar organic compounds, and also 
low-melting metallic alloys, or such inorganic salts as 
sodium thiosulphate; tetracresyl silicate, for instance, and 
many other substances, can be used as a mass of high 
thermal capacity. 

In stationary treatment of the human body with ultra 
sonics, it is often found necessary to allow the radiation 
to take effect from several directions or over large sur 
faces, even on pronouncedly curved areas of the body. 
This can be done by the simultaneous use of a plurality 
of separate oscillators pressed against the appropriate 
areas of the body by springs or similar elastic devices 
or by means of a suitable stand. For the stationary 
irradiation of pronouncedly curved areas of the body 
it is proposed in accordance with the invention that an 
elastically deformable vibrator surface be used compris 
ing a multiplicity of flat-built oscillators, comprising metal 
plates 1e and resonators 2e of Fig. 6, or metal plates 
1f and resonators 2f of Fig. 7 held together by elastic 
members, springs, rubber, etc., such as indicated by mem 
bers 18 of Figs. 6 and 7, respectively, flexibly coupling 
the metal plates 1e or if, respectively. As is appropriate 
to the widely-varying indications, it is advisable so to 
adapt the surface of the vibrator that the individual vi 
brators can, as shown in Fig. 6, be assembled to form 
a long row, a square, etc., etc. The individual vibrators 
are in this case independent radiators surrounded by an 
insulating casing 12 and jointly pressed, by an elastic 
medium such as a sponge-rubber pad 13, against the 
area of the body to be treated. It is also possible, for 
the purposes of such treatment, to press against the ap 
propriate areas of the body an "ultrasonic pad or cushion” 
of predetermined form similar to a heating pad, in which 
cushion the individual vibrators are non-interchangeably 
interconnected by elastic means, and a common back 
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4. 
electrode in the form of a flexible metallic net 4'f, which 
is pressed up by a pad or cushion 5' of a material of 
low loss-angle (Fig. 7). The whole is covered with a 
flexible envelope 12'. For the purpose of pressing on 
this "sound pad,” metal plates of predetermined curvature 
may be used, said curvature either coinciding with the 
curvature of the bodily area to be treated or providing 
the desired focusing of the radiators in this way arranged 
to radiate convergently. Should it be desired to achieve 
these effects with a single plate, it is advisable to make 
the latter of lead. It is also possible to assemble the 
individual radiators permanently for special, frequently 
repeated cases such as nasal treatment, treatment of the 
knee, etc. These devices, and the sound cushions or pads 
referred to, are secured to the appropriate areas of the 
body, during treatment, by means of elastic members, 
Springs, elastic bands, etc., or pressed against said areas 
by a flexibly-operating stand. 

Having now particularly described and ascertained 
the nature of my said invention and in what manner the 
same is to be performed, I declare that what I claim is: 

1. In combination, a plurality of piezoelectric 
resonators, a plurality of metal plates each associated 
with one of said resonators and firmly connected to one 
side thereof, means for flexibly connecting said metal 
plates in juxtaposition to form a flexible mosaic-like 
surface adapted to transmit ultrasonic waves, electrically 
integral flexible back-electrode means in electrical con 
tact with said resonators on the side thereof remote from 
said metal plates, and a flexible mat of electrically-in 
sulating material disposed on the side of said back 
electrode means remote from said resonators, said com 
bination being adapted, under pressure against said mat, 
to establish contact between said mosaic-like surface and 
a curved surface for transmitting said ultrasonic waves 
thereto. 

2. In combination, a plurality of piezoelectric reso 
nators, a plurality of metal plates each associated with 
one of said resonators and firmly connected to one side 
thereof, means for flexibly connecting said metal plates 
in juxtaposition to form a flexible mosaic-like surface 
adapted to transmit ultrasonic waves, electrically-integral 
flexible back-electrode means in electrical contact with 
said resonators on the side thereof remote from said 
metal plates, a flexible mat of electrically-insulating 
Spongy material disposed on the side of said back-elec 
trode means remote from said resonators, and a flexible 
cover of electrically-insulating material covering the side 
of said mat remote from said electrode means, said 
combination being adapted, under pressure against said 
cover, to establish contact between said mosaic-like sur 
face and a curved surface for transmitting said ultra 
sonic waves thereto. 

3. In combination, a plurality of piezoelectric resona 
tors, a plurality of metal plates each associated with 
one of said resonators and firmly connected to one side 
thereof, means for flexibly connecting said metal plates 
in juxtaposition to form a flexibly mosaic-like surface 
adapted to transmit ultrasonic waves, electrically-in 
tegral flexible back-electrode means in electrical contact 
with said resonators on the side thereof remote from 
said metal plates, a plurality of electrically-insulating 
covers each associated with one of said resonators and 
covering the side of said back-electrode means remote 
from said resonators, and a flexible mat of electrically 
insulating material disposed on the side of said electrode 
means remote from said resonators, said combination 
being adapted, under pressure against said mat, to estab 
lish contact between said mosaic-like surface and a 
curved surface for transmitting said ultrasonic waves 
thereto, 

(References on following page) 
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