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This invention involves a therapeutic apparatus for 
the treatment of living tissue by compressional wave 

., energy. 

In the therapeutic treatment of living tissue it is de 
sirable‘to obtain a uniform distribution of energy over 
the portion of' the tissue undergoing treatment.‘ 

In previous models of compressional wave diathermy 
equipments, the transducer or device for converting elec 
trical energy into compressional wave energy has had 
either unmodulated voltages or C. W. or A. M. modulated 
voltages applied thereto. This results in an essentially 
constant frequency of compressional wave energy radia 
tion and consequently in a spatially constant intensity 
pattern owing to Fresnel diffraction near the transducer. 
These localized intensity spots create a non-uniform 
diathermy e?ect creating “hot spots” that would cause 
serious discomfort or burning of the tissue unless the 
latter is placed at a considerable distance from the 
transducer. 
By applying a frequency modulated voltage to the 

transducer, a rapidly shifting spatial pattern of Fresnel 
diffraction is obtained, thereby substantially reducing 
the localized heating or “hot spots” so detrimental to 
diathermy treatment. 
An object of this invention is to provide a therapeutic 

apparatus for the treatment of living tissue which is 
productive of more uniform distribution of energy over 
the area being treated. 

Other and further objects and advantages of the in 
vention will become apparent as the description thereof 
progresses, reference being had to the accompanying 
drawing wherein the single ?gure is a schematic diagram 
of an embodiment of the invention. 

Referring to the drawing, a therapeutic unit 1 similar 
to that described in an application of Luther Davis, Jr., 
Serial No. 265,278, ?led January 7, 1952, but which may 
be of any electromechanical design permitting a su?’icient 
1y low Q to allow appreciable frequency modulation is 
shown. Unit 1 comprises a cup-shaped member 2 which 
is made up of a metallic shell 3 and an applicator 4, 
preferably made of natural rubber and cemented or 
otherwise attached to said shell. A transducer 5, which 
may be a ceramic disk having a thickness equal to a half 
wave length at the frequency of operation, is mounted 
within member 2 in such a manner as to be free to 
vibrate in the direction of its thickness. An aqueous 
medium 6 of thickness equal to several wave lengths at 
the operating frequency is contained within member 2 and 
separates transducer 5 from the end portion of rubber 
applicator 4, as shown in the drawing. Applicator 4 is 
adapted to contact the tissue 7 undergoing treatment. 
The aqueous medium and rubber applicator each has 
a wave impedance substantially equal to that of living 
tissue to enhance the transfer of compressional wave 
energy from the radiator to the tissue. The output 
voltage of a conventional oscillator 8 is applied across 
the opposite faces of transducer 5. A frequency modula 
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tor 9 is connected to oscillator 8 to effect frequency mod 
ulation thereof. 
When the dimensions of a piston vibrator, such as a 

?at disk which moves to and fro in the direction of the 
normal to the surface, are comparable with the wave 
length, the distribution of the intensity of the compres 
sional Wave energy is not uniform but there is a maximum 
on the normal and other maxima in other directions. 
The compressional wave pressure at various points 
located on the normal is given by - 

E’QW-R) (1) 
where p is the density of a medium, f is the frequency, v 

pN=2pcv sin 

is _the velocity of the face of the disk, c is the velocity of " 
propagation of compressional wave energy in the medium, 
R’ is the distance from the rim of the disk to the point 
in‘question and R is the distance between the center of 
the disk and point at which the intensity is desired. 
_From Equation 1 it is evident that the location of 

maxima and minima in intensity of compressional wave 
energy along the axis of the disk is dependent upon fre 
quency. There are also other maxima and minima dis 
tributed in the space surrounding the disk but there is 
no simple method of calculating this distribution of the 
axis of the disk. The compressional wave energy ?elds 
in the neighborhood of circular disk type radiators have 
been observed, however, and it is de?nitely established 
that the compressional Wave energy at various points in 
the region surrounding the transducer disk, as well as 
the spatial distribution of the diffraction pattern, is de 
pendent upon the frequency of the voltage applied to 
said transducer disk. 
By varying the frequency of oscillator 8 at a given 

rate, which may be in the order of sixty cycles per second 
by means of modulator 9, the spatial diffraction pattern 
of the radiating transducer may be rapidly shifted and 
the localized intensity spots thereby substantially re 
duced. Since the energy distribution near the surface of 
the transducer with a frequency modulated voltage ap 
plied thereto is much more uniform, the energy trans 
mitted to the tissue subjected to treatment is also con~ 
siderably more uniformly distributed throughout the area 
of the tissue in contact with the applicator portion of 
therapeutic unit 1. 
The amount that the “hot spots” are shifted when the 

frequency of oscillator 8 is varied by frequency modulator 
9 will, of course, depend on the distance away from the 
face of the transducer radiator; that is, the “hot spots” 
near the radiator will not shift as much with the applica 
tion of the frequency modulated voltage as the “hot spots” 
farther away from the radiator surface. Since the fre 
quency modulation of oscillator 8 is more effective at 
a distance from the radiator surface, therapeutic unit 1 
is preferably constructed so that the radiator is separated 
from the tissue undergoing treatment by the aqueous 
medium 6 whose thickness is several wave lengths. 
The frequency range of the modulator may be any 

where from a few cycles per second to approximately 
10,000 cycles per second. The values given are approxi 
mate and are not to be taken as limiting values. The 
frequency of oscillator 2 is swept over a range approxi 
mately equal to ten percent of the mean operating fre 
quency of the oscillator. For example, when operating 
at a mean frequency of one megacycle, the frequency is 
varied from about 950 kc. to 1,050 kc. The total swing 
in frequency is partially dependent upon the Q of the 
transducer, as previously stated. 
Numerous other arrangements and modi?cations can 

obviously be devised readily by those skilled in the art, 
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within the scope-of the invention, as de?ned in the. ap 
pended claims. 
What is claimed is: ~ 
1. A therapeutic apparatus 'foritreatingrliving tissue by 

compressional wave energy comprising a, transducing,_ 
unit energized by a source of electrical energy and in 
cluding a transducer for converting said electrical energy 
into compressional wave energy and an applicator'adapted 
to’ contact the tissue to be treated,v said transducer having 
dimensions comparable with the wave length of said; 
compressional wave energy, means including a frequency 
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modulator connected to said source for cyclically vary- ,, 
ing the intensity distribution pattern of compressional-H 
wave energy in the vicinity of said tissue. 

2. A therapeutic apparatus for treatingrliving tissue by 
compressional wave energy icomprisinga transducing unit 

15 

energized by a source of electrical ‘energy and including ,_ 
aatransducer for converting said electrical energy“ into,l 
compressional wave energyv and an’ applicator “having” a 
portion adapted to contactv thetissner to bevtreated, said’. 
transducer having dimensions comparable with the vwave - 
length of said compressional wave energy,v a medium 
having a wave impedance substantially equal to that of 
said tissue and of said applicator for separating said 

.20 

transducer and said portion of said applicator by a dis 
tance-equal to several wave lengths at the‘ frequency of 
said' source, means including a frequency modulator 
connected to ‘said source for cyclically varying the in 
tensity of compressional wave energy in the vicinity of 
said tissue. 
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