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This invention relates broadly to compressional 
vibrating systems and specifically to the genera 
tion of particle velocities of the order of sound in 
air with a piezoelectrically driven system. 

In recent years, workers in the art have sug 
gested that a method for producing particle ve 
locities of the order mentioned might have im 
portant practical applications. However, at 
tempts to produce such high-order particle veloci 
fies with conventional crystal driven systems have 
failed because of the relatively low tensile 
strengths of crystals with high piezoelectric con- . 
stants, such as quartz or ammonium dihydrogen 
phosphate, which break when stretched one-tenth 
of one percent of their respective lengths. 

It is therefore the primary object of this inven 
tion to provide a method whereby particle veloci 
ties of the order of sound in air may be generated 
piezoelectrically. ~ 

A second object of this invention is to provide 
a method for separating microparticles of slightly 
different masses. ' 

A third object of this invention is to provide 
an improved method for fatigue testing. 
A fourth object of this invention is to provide 

a method for examining the corroding eñect of 
high velocity fluids on designated test substances. 
Other objects may be seen from the specifica 

tion and claims as hereinafter set forth. 
Applicant proposes to produce particle velocities 

of the desired order of magnitude by means of 
an improved piezoelectric compressional wave 
generator which includes a transforming mem 
ber attached to a vibrating face of a piezoelectric 
element driven at its resonant frequency. In a 
preferred embodiment, the transformer comprises 
a solid rod of elastic material approximately an 
integral number of half wavelengths long in the 
resonant frequency of the system and having a 
cross-sectional area which falls off exponentially 
from a value approximating the area of the face 
of the piezoelectric element at the joint there 
with to a relatively small value at the end of 
the rod remote from the joint. 
The vibrational energy concentrated in the 

small end of the above-described transformer 
member is utilized in the several different em 
bodiments of the invention‘herein disclosed to 
perform several respectively different functions. 
According to one embodiment of the invention, 

a system is provided for the separation of micro 
particles of slightly different mass, such as occur 
in a mixture of gases', or isotopic substances. 
Separation occurs by virtue of the differential 
accelerations imparted to the particles of different 
mass as they iiow through a system of ducts lat 

15 

20 

25 

30 

35 

40 

45 

50 

erally disposed to a vibrating surface at the small 
end of a transformer member which is driven 
to oscillate with high frequency compressional 
vibrations as described above. Alternatively for 
the purposes of the specification and claims here 
inafter, the small end of the rod may be desig 
nated as the impeller. 
A second embodiment of the applicant’s in 

vention provides a novel apparatus for fatigue 
testing in which the transformer member` de 
scribed above is provided with an attached mem 
ber of test material tapered down to a narrow 
neck at a nodel plane in the vibratory motion and 
expanded slightly therefrom. The tensile 
strength of the test materials may be determined 
by the reaction of the nodal neck of the sample 
to sustained high-frequency compressional vibra 
tions. 
According tc another embodiment of the ap 

plicant’s invention, an apparatus is provided by 
means of which the effect of high velocity fluids 
on designated test materials may be examined. 
As described above, high-frequency compressional 
oscillations are excited in a tapered rod, the small 
end of which is sealed in a chamber by means of 
a flange positioned near said end at a nodel plane 
in the vibratory motion. A cap of test material 
is fixed on the end of the vibrating rod which 
imparts compressional oscillations to a test iiuid 
contained in the chamber. The corroding effect 
of the rapidly moving fluid on the test specimen 
may be observed after a definite period of high 
frequency compressional vibrations by weighing 
the specimen or observing the pitting on its sur 
face. The fluids referred to may be either liquid 
or gaseous. For example, the corroding effect 
of high velocity fluorine gases on metals may be 
tested in this manner. An apparatus of this 
nature may be used for the purpose of setting 
up cavitation in liquids and for studying the effect 
of cavitation on various liquids. 
Referring to the drawings: 
Fig. 1 shows in perspective a piezoelectric sys 

tem embodying the invention which includes a 
tapered energy transformer for transforming 
compressional vibrational energies; 

Fig. 2 shows a system for fatigue testing em 
bodying the principles of the present invention; 

Fig. 3 shows a system for setting up cavitation 
in liquids which utilizes the energy transformer 
of the present invention; 

Fig. 4 shows an apparatus for separating a 
mixture of gases into its components which 
utilizes the method of producing high particle 

u velocities of the present invention. 
As stated hereinbefore, piezoelectric crystals 
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such as quartz or ammonium dihydrogen phos- - 
phate fracture when'subjected to compressional 
vibration velocities approaching that of sound in 
air. This follows from the experimental fact that 
when a quartz or ammonium dihydrogen phos 
phate crystal stretches to 0.1 per cent of its length 
it breaks. 
Let Dm equal the maximum particle displace 

ment that a crystal can suffer without exceed 
ing its elastic limit. 
Then 

Dm=l(yy) =l><0.001 (1) 
Where 

yy is the strain suffered by the crystal, dei-ined 
as elongation per unit length, which value may 
not exceed 0.1 per cent; and 

l equals the length of the crystal. 
Since the crystal is driven piezoelectrically to 

vibrate in a motion which is essentially simple 
harmonic, the maximum particle velocity may 
be computed from the following relationship. 

Vm=21rfDm=21rfl(0.001) (2) 
where 

f=the frequency of the vibrating system; and 
Dm=the maximum allowable particle'displace 
ment. 

Since the crystals vibrate in resonance, the fol 
lowing well-known relationship between fre 
quency and length holds true. 

where 

E=Young’s modulus if a long thin bar is involved 
or the plate modulus if a plate is involved; and 

p=the density. 
Substituting Equation 3 in Equation 2, we have 

Vm=1r\/È_/Ã(.0'01)=0.003l4 \/E/p=0.00314 Vp (4) 
Where 

Vp=the velocity-of propagation in the particular 
crystal used. « 

'I'he maximum particle velocity which can be 
obtained with an X-cut quartz crystal may there 
fore be computed from the above relationship by 
substituting the values Eq (Young’s modulus for 
X-cut quartz) =7.85><10” dynes/cm.2; and pq 
(density of quartz)=265 g./cc. in Equation 45 

V„. (X-cut quartz) = 

0.00314., /Zäëâl-Onäm (5m/Sec. (5) 
which is less than 6 per cent of the velocity of 
sound in air. 
The maximum particle velocity which can be 

obtained with a 45-degree Z-cut crystal of am 
monium dihydrogen phosphate may likewise be 
computed yfrom the relationship of Equation 4 
by substituting therein the values 

Ea (Young’s modulus for ammonium dihydrogen 
phosphate) :3.08 X 10” dynes/cm.2 ; 
(density of ammonium dihydrogen phos 

phate=1.8 g./cc.; and 
pa 

Vm (ammonium dihydrogen phosphate) = 
ll ' 

00min/wäh@ cla/sec. (e) 
which is 3.1 per cent of the velocity of sound in 
air. 
The value cannot be higher for the reason that 
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4 
the breaking strength for crystals is relatively 
low, i. e., about 11,400 pounds per square inch for 
quartz and about 2840 pounds per square inch for 
ammonium dihydrogen phosphate. Most metals 
have a much higher breaking strength than crys 
tals. For example, the Chemical Handbook gives 
the following values: 

Phosphor bronze, 110,000 to 140,000 lbs./sq. in. 
Steel, 80,000 to 330,000 lbs/sq. in. 
'Nickel-steel, 330,000 lbs/sq. in. 
Piano wire, 325,000 to 337,000 lbs/sq. in. 

All of these values are from ten to thirty times 
the breaking strength of the X-cut quartz crystal. 
In accordance with the present invention, 

multiplication of vibrational displacements is ef 
fected by incorporating a tapered rod of metal or 
some other elastic material of relatively high ten 
sile strength as part of a vibrating piezoelectric 
system, the large end of the rod being fastened 
to the vibrating surface of the piezoelectric ele 
ment. The tapered rod is preferably given a 
length equal to an integral number of half wave 
lengths in the frequency of the vibrating system, 
so that standing waves are set up in which loops 
occur at both ends of the rod, thereby causing 
the joint between the piezoelectric element and 
the rod to be positioned at a place of minimum 
vibrational stress. In the speciñcation and 
claims herein, “loop” relates to those positions 
in the vibrating system in which particle veloci 
ties and displacements are at a, maximum,` and 
vibrational stress is at a minimum. Conversely, 
“node” relates to positions of minimum particle 
velocities and displacements and maximum vi 
brational stress. In the standing waves set up 
along the rod, nodes and loops are separated by 
space intervals equal to a quarter wavelength in 
the frequency of the vibrating system, since the 
nature of the vibratory motion changes progres 
sively from loop to node and back to loop again 
through every half wavelength interval. 
By use of the tapered rod, large vibrational en 

ergies are concentrated in a small cross-sectional 
area, thereby generating particle velocities which 

, approach the velocity of sound in air, since the 
maximum particle velocities and also the stresses 
sustained in the vibrating member vary inversely 
with the square root of its cross-sectional area. 
Thus, if the small end of the bar has an area 1/100 
of the area of the large end, it ,will have a vibrat 
ing particle velocity ten times as great. Likewise, 
the small end of the vibrating rod will sustain 
ten times as great a vibrational stress as the large 
end and the face of the piezoelectric element con 
tiguous thereto. However, since the metals have 
breaking strengths equal to from ten to thirty 
times that of piezoelectric crystals, this stress 
will be withstood without fracture by the tapered 
transformer member, thereby enabling particle 
velocities to be generated which are from ten to » 
thirty times as great as those generated with 
conventional crystal systems. 
Referring to Fig.Y 1 of the drawings, the bank of 

crystals I may be of any material known in the 
art possessing piezoelectric properties and which 
may be excited to longitudinal vibration. For the 
purposes of the embodiment shown, the appli 
cant has employed 45-degree X-cut. crystals of 
ammonium dihydrogen phosphate which has a 
high piezoelectric constant and therefore pro 
duces vibrations of relatively greater 'intensity 
than other well-known piezoelectric crystals. 
The two lateral surfaces of each of the crystals l 
are coated with layers of evaporated gold 2, 
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which serve as electrodes. A thin piece of gold 
plated nickel silver serves as ,an electrode con 
tact 3 which connects th " _.jplatings of the 
ñrst and third crystals to the-¿lower platings of 
the scecond and fourth along ones'ide of the crys 
tal bank. A similar member connects lower plat 
ingsgof the first and third crystals to the top 
plating's of the second and fourth along the oppo 
site end of the crystal bank I. 
Lead wires 4 and 5 serve to connect the crys 

tal assemblage through its electrodes to the out 
put terminals of a conventional amplifier-oscil 
lator circuit 6. For a detailed showing of a simi 
lar crystal assemblage and mounting together 
with one type of amplifier-oscillator circuit suit 
able for driving the piezoelectric crystal element 
at its resonant frequency of vibration, the reader 
is referred to application, Serial No. 559,096, ñled 
by W. P. Mason in the United States Patent 
Oilice on October 16, 1944. 
The bank of crystals I is cemented to the 

ceramic support 'l which is attached to the metal 
base 8. An impedance member 9, comprising a 
cubical metal block having approximately thel 
same cross-sectional area as the crystal bank I, 
and having a thickness in the direction of the lon 
gitudinal vibrations equal to a quarter wavelength 
at the frequency of the vibrating system, is ma 
chined as part of the base member 8. The func 
tion of the impedance member 9 is to prevent the 
dissipation of vibrational energy and to provide 
a means for grasping the crystal assemblage 
without appreciably damping the vibrations. 
The crystals I preferably have a dimension 

equal to a half wavelength in the direction of vi 
bration. To a face ofthe piezoelectric bank I 
which is parallel with the support l, is cemented 
the base of the tapered transformer rod I0 which 
is preferably of metal but may comprise any elas 
tic substance of higher tensile strength than the 
conventionally used piezoelectric crystals. Any 
suitable adherent known in the art may be used 
for cementing the base of the rod IU to the crys 
tal bank I. The rod IIJ preferably has a length 
equal to an integral number of half wavelengthsl 
at the frequency of the vibrating system and a 
circular cross-section, the area falling oif expo- 
nentially from the place of junction I2 with the 
piezoelectric bank I. For convenient operation, 
the rod IU has been given the following dimen 
sions in the embodiment of Fig. 1: Length, 5 
inches;' cross-sectional diameter of large end, 1 
inch; cross-sectional diameter of small end, T’G 
of an inch. Twenty-five kilocycles has been found 
to be a convenient operating frequency for the 
ultrasonic vibrations. While the circular cross 
sectional area is convenient for the transformer 
rod. the satisfactory operation of the rod is not 
dependent upon any particular cross-sectional 
shape. A rod having a rectangular, cross-section, 
such as shown in Fig. 4, would serve the pur 
pose suitably. Furthermore, while experimenta 
tion has shown that a rod with exponentially de 
creasing cross-sectional area gives optimum per 
formance, a rod tapered in any regular manner 
will function satisfactorily“ 
The flange II, which for convenience in the 

embodiment of Fig. 1 has been given an outside 
diameter of one inch, is positioned at a nodal 
plane in the vibratory motion a quarter wave 
length from the small end of the rod to enable the 
rod to be clamped in position without appreciably 
damping the vibratory motion, whereby the con 
centrated vibrational energy can be utilized in 
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certain practical applications such as described 
hereinafter. . 

Fig. 2 shows an apparatus for fatigue testing 
which embodies the principles of the present in 
vention. The piezoelectric bank Ia is mounted 
as described hereinbefore with reference to Fig. 1, 
and driven to oscillate by means of the conven 
tional ampliiler-oscillator circuit 6a. As in Fig. 1, 
the tapered transformer rod Illa is shown to 
have a'circular cross-section which decreases in 
an outward direction from the face of the piezo 
electric element Ia. As mentioned before, al 
though a circular cross-section is a convenient 
form for the rod Illa, it may operate equally well 
with other cross-sectional shapes. Any one of a 
number of adherents known in the art may be 
utilized to rigidly secure the transformer rod Illa 
to the face of piezoelectric crystal bank Ia. The 
transformer member IUa, which preferably but 
not necessarily comprises metal, has a length 
equal to an integral number of half wavelengths 
in the frequency of the vibrating system, and ter 
minates in a screw socket I6. A iiange IIa is 
positioned a quarter wavelength from the screw 
socket end of the rod Illa. 
Each of the metals or other materials which it 

is desired to subject to fatigue tests according to , 
the method of this invention may be machined 
in the form of the detachable member I3, which 
has a protruding screw I4 on one end which fits 
into the socket I6 to engage with the transformer 
rod IUa in a secure and rigid joint. Theutest 
specimen I3 makes a smooth connection with the 
transformer rod Illa at the juncture I6-I4 and 
extends therefrom to an over-all length equal to 
an integral number of half wavelengths in the 
frequency of the vibrating system. From the 
juncture IS-I4 the specimen I3 tapers to a nar 
row neck I5 positioned at a node or plane of max 
imum stress one-quarter wavelength from the 
specimen end I'l. In the embodiment of Fig. 2 the 
cross-section of the nodal neck I5 has a diameter 
equal to about one-tenth the diameter of the 
rod IUa at the base I2a. From the nodal neck 
I5 the cross-section of the specimen expands 
slightly to the end I'l, where the diameter is 
about twice that of the neck I5. 

Tests are conducted with the system in ultra 
sonic vibration to determine how long a time a 
given specimen will sustain vibrations before the 
neck I5, which is located at a nodal planeof 
maximum stress, actually fractures. If the 
cross-sectional areas of the nodal plane I5 and 
the transformer base I2a bear the ratio 1:100, 
respectively, then the tensile stress in terms of 
pounds per square inch which is exerted on the 
nodal plane I5 by the vibratory motion, is ten 
times as great as that sustained at a nodal plane 
in the crystal bank Ia. 
Another method by which the apparatus of 

Fig. 2 can be utilized to test the weakening ef 
feet of continuous oscillations on specimens of 
given substances is as follows: The test speci 
men I3, attached as shown in Fig. 2, is subjected 
to oscillations for a `given period such that the 
vibrational stress exerted on the nodal neck I5 
is held under the breaking stress. The unfrac 
tured specimen I3 is then detached from the rod 
Illa by unscrewing the joint III-I6, the speci 
men I3 then being placed in a conventional ten 
sion machine where its tensile strength is sub 
sequently tested by means of a static pull. 

Fig. 3 shows an adaptation of the present in-` 
vention which is suitable for setting up and 
studying cavitation in liquids and determining 
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the effect of the same on designated test solids. 
The phenomenon of cavitation in liquids may 

be described as follows: Whenever the hydrody 
namical pressure in a, liquid is reduced to vapor 
pressure, a two-phase system is made possible 
in which both liquid and gaseous states-may oc 
cur simultaneously. Under fortuitous circum 
stances, cavities or loose spaces then form in the 
liquid producing an effect analogous to the boil 
ing of a liquid. Since ultrasonic vibration con 
sists of a series of rapid periodic expansions and 
compressions, this means may be utilized to ex 
lpel dissolved gases from gas-containing liquids 
and to bring about cavitation in degassed liquids. 
The significant feature in the study of cavita 

tion is that during the collapse of the cavities 
mentioned very high pressures are momentarily 
developed which concentrate high kinetic ener 
gies in a small space thereby producing heavy 
erosive action on surfaces which come in contact 
with liquids in a state of decavitation. The 
formation and collapse of the cavities take place 
intermittently due to the rapid fluctuations in 
pressure in the ultrasonic ñeld. Even chemically 
inert substancesfsuch as glass, are eroded in this 
manner. Studies of liquids in cavitation have 
many practical applications, one of the most 
important being the erosive action produced in 
certain critical places on the hulls of fast-mov 
ing ships. Propeller action causes cavities to 
form and collapse in the surrounding water be 
cause of rapid fluctuations in pressure vas the 
ship passes at high speed through the water in 
wave motion. 
Referring to Fig. 3, the piezoelectric element 

Ib is mounted and driven by the oscillator 6b in 
the manner'described hereinbefore. The energy 
transformer iûb, which preferably but not nec 
essarily comprises metal, is an integral number 
of half wavelengths long at the frequency of the 
vibrating system and of such size and shape as 
described hereinbefore with reference to Fig. 1. 
The flange IIb is positioned at a nodal plane in 
the vibratory motion of the system at a distance 
of a quarter wavelength from the small end of 
the rod. By means of the flange IIb, the small 
end of the transformer rod I0b is sealed with the 
liquid-tight joint 20h into the liquid chamber I6 
which is filled with a liquid I9 such as water or 
castor-oil, or mineral oil. The test material may 
be fastened onto the small end of the trans 
former rod Illb in the form of a screw-threaded 
cap I8. ' 

The rod Ißb is set in vibration by means of the 
piezoelectric element Ib whereby supersonic vi 
brations are induced in the liquid I9 through the 
cap I8 which is at a loop or position of maxi 
mum particle velocity in the vibrating system. 
This sets up cavitation in the liquid I=9 which is 
especially pronounced in the vicinity of the test 
cap I8. The collapse of the cavities in the liquid 
I9 against the test surface I8 causes a pitting or 
erosion of the surface. This effect may be inves 
tigated by weighing the test cap before and after 
a given period of vibration, e. g., two hours, and 
also by a visual examination of the test cap I8 
after removal from the apparatus. 
In a similar manner, by replacing the liquid 

I9 with a designated gas in the chamber I6, in 
which the liquid-tight seal 20h is replaced by a 
gas-tight seal, tests may be made 'of the cor 
roding effects of high velocity gases on metals 
and certain other materials. Of particular in 
terest is the corroding effect of high velocity 
fiuorine on metals. 
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Fig. 4 shows an apparatus for separating'a 
mixture of gases into its components which uti 
lizes the principles of the present invention. The 
piezoelectric element‘Ic is mounted as described 
hereinbefore with reference to Fig. 1 and driven 
to oscillate by means of the conventional ampli 
lier-oscillator circuit 6c. The transformer mem 
ber Inc, whichv is cemented to the vibrating face 
of the piezoelectric element Ic, is shown in Fig. 
4 to have a. cross-sectional area at the joint I2c 
which is approximately the same size as-that of 
the element Ic. As explained with reference to 
Figs. l, 2 and 3, the transformer cross-section 
could alternatively be round 0r any other con 
venient shape. The transformer rod I0c is ta 

. pered, the cross-sectional area decreasing pref 
erably, but not necessarily, in an exponential 
manner. The rod extends outward from the 
juncture I2c to a length equal to an integral 
number of half wavelengths in the frequency of 
the vibrating system. A flange IIc is positioned 
at a. nodal plane in the vibratory motion of a 
quarter wavelength from the small end of the` 
transformer member Iûc. By means of the 
flange Ilc the small end of the transformer 
member Iûc is sealed with a gas-tight seal 20c 
into the chamber 2| which is laterally disposed 
to a system of ducts 22, 23 and 24. When u1 
trasonic vibrations are induced in the trans 
former member Illc at the juncture I2c by means 
of the piezoelectric element Ic, the small end 25 
thereof is caused to vibrate with particle veloci 
ties approaching that of sound in air, as de 
scribed hereinbefore. 
For convenience in the embodiment of Fig. 4 

the crystal bank Ic, and the base of the rod Illc 
contiguous thereto, has a cross-sectional dimen 
sion equal to approximately two and one-half 
inch square, while the vibrating tip 25 has a cross 
sectional dimension equal to approximately one 
quarter inch square. As stated before, 25 kilo 
cycles have been found to be convenient fre-l 
quencies of vibration. A mixture of the gases to 
be separated, e. g., deuterium and hydrogen, is 
caused to’fiow through the duct 22 in the direc 
tion of the arrow whereby a portion of the gas 
molecules are subjected to the high energy os 
cillations of the vibrating surface 25 which moves 
with the velocity nearly equal to that of sound in 
air. Since the molecules of diiferent mass re 
ceive slightly different energies in the Vintense 
ultrasonic field, the heavier molecules tend to pass 
olf through the upper duct 23, while the lighter 
weight molecules tend to pass oñ through the 
nearer duct 24. The separation of particles oc 
curs because the heavy particles with more en 
ergy will progress farther into the mixture before 
they lose their added energy than will the lighter 
particles. The maximum separation will occur 
when the diameter of the gas conducting tube is 
several times the mean free path of the mole 
cules in the gas. Thus the gas collected from 
the duct 23 has‘a higher proportion of heavy 
molecules than the gas collected from the duct 
24. If this process is carried on fractionally, with 
the reintroduction at each step of either the heavy 
or the light-weight mixture, depending on which 
is ultimately wanted, an end product of any de 
sired degree of lpurity may be obtained. 
In solid substances, the separation of isotopes 

or other microparticles of slightly differentv 
Weights could be accomplished in a similar ap 
paratus. 'I‘he solid substances could be dissolved 
in a suitable solvent, and the solution caused to 

15 ñow past the vibrating surface 25 where it would 
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be subjected to the supersonic vibrations in much 
the same manner as the gases, the heavier and 
lighter components passing off through different 
ducts. 
The present invention is not limited in its ap 

plication to any or all of the particular embodi 
ments disclosed herein, nor is it limited to the 
use of any particular piece of apparatus, or ele 
ments of any particular size or shape. 
What is claimed is: 
l. A method for obtaining particle velocities 

of the order of sound in air which comprises elec 
tromechanically setting up standing compres 
sional waves in a solid tapered member which have 
an approximate anti-node at the end of large 
cross-section of said member and utilizing the 
increased concentration of vibrational energy in a 
nodal plane of said tapered member having rela 
tively small cross-section. 

2. An apparatus for obtaining particle veloc 
ities ofthe order of sound in air which comprises 
in combination a generator of ultrasonic vibra 
tions of a given frequency having an electrome 
chanical vibratorv driving element, a transformer 
for multiplying vibrational energy densities com 
prising a tapered rod` the end of said rod of rela 
tively large cross-section coupled to the said 
driving element of said generator at a junction, 
the vibrating system comprising said driving ele 
ment and said rod resonant to the frequency of 
said generator and having substantially an anti 
node at said junction, and the small cross-sec 
tional portion of said rod coupled to means for 
utilizing the increased vibrational energy concen 
trated in a given area. 

3. An apparatus for obtaining particle veloc 
ities of the order of sound in air which comprises 
in combination a motor having an electrome 
chanical driving element with a given surface of 
high peak displacement at resonance of the said 
driving element of the motor, a solid metal rod 
attached in a joint to the given’surface of said 
crystal element, said rod having ya length equal 
to an integral number of half wavelengths in the 
resonant frequency of the said driving element 
and having substantially an anti-node at said 
joint, the cross-sectional area of said rod de 
creasing exponentially from a value substantially 
equal to the area of the given surface of the said 
driving element at said joint to a portion of rela 
tively small cross-sectional area near the end of 
said rod remote from said driving element, and 
means coupled'to the relatively small cross-sec 
tional portion of said rod for utilizing the vi 
brational energy concentrated in said small por 
tion. 

4. An apparatus for obtaining particle veloci 
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ties of the order of sound in air which comprises ' 
in combination a motor having an electrome 
chanical driving element with a given surface of 
high peak displacement at resonance of the said 
driving element of the motor, a solid metal rod 
having a length equal to an integral number of 
half wavelengths in the resonant frequency of 
said driving element, the surface of said rod as 
suming substantially the shape of an exponential 
curve of revolution, the large end of said rod 
substantially equal in cross-section to the area 
of the given surface of said driving element and 
cemented thereto to form a junction, said junc 
tion disposed at substantially an anti-nodal plane 
in the vibrating system including said driving 
element and said rod, the small portion of said 
rod remote from said driving element being 

60 

65 

10 
coupled to means for utilizing the vibrational 
energy concentrated in said small portion. 

5'. A high speed impeller for gas comprising a 
motor having a piezoelectric element with a given 
surface of high peak displacement at resonance 
of the piezoelectric element of the motor, and 
a velocity multiplying transformer comprising 
a tapered metallic rod approximately an integral 
number of half wavelengths long in the resonance 
frequency of the vibrating system comprising 
said rod and said piezoelectric element, said rod 
having a base of approximately the same area 
as the given surface of the piezoelectric element 
and cemented to said surface at substantially an 
anti-node in said vibrating system, the cross 
section of said rod diminishing exponentially 
with the distance from said base, and terminat 
ing in an impeller surface which is relatively 
small compared to the area of said base. 

6. An apparatus for testing the strength of a 
test rod which tapers from a maximum cross 
section at one end to a neck of minimum cross 
section near the other end thereof which com 
prises in combination a source of ultrasonic 
vibrations having a contacting joint with said 
rod at said end of maximum cross-section, the 
vibrating system comprising said source and said 
rod having substantially an anti-node at said 
joint and substantially a node at said neck. 

'7. An apparatus for testing the breaking 
strength of a test specimen which tapers from 
a maximum cross-section at one end to a narrow 
neck of minimum cross-section near the other 
end which comprises in combination a motor 
having a piezoelectric element with a given sur 
face of high peak displacement at resonance of 
the piezoelectric element of the motor, a tapered 
metal rod, the large end of said rod attached 
in a first joint to the given surface of said piezo 
electric element, the small end of said rod having 
a cross-section substantially equal to the'maxi 
mum cross-section of said test specimen and 
formed to fit in a second rigid joint therewith 
the vibrating system which includes said piezo 
electric element, said rod, and said specimen hav 
ing substantially anti-nodes at said joints and 
a node at said neck. 

8. The method of studying the corrosive action 
of high velocity fluids on given test solids which 
comprises inducing ultrasonic vibrations in the 
end of relatively large cross-section of a solid 
tapered rod, sealing the end of relatively small 
cross-section of said rod in a chamber containing 
a designated fluid, attaching a specimen of said 
test solid to the small end of said rod for a given 
period of vibratory motion, and observing the 
effect of said motion on said test specimen. 

9. An apparatus for studying the corrosive ac 
tion of high velocitv fluids on a given test solid 
which comprises in combination a source of ultra 
sonic vibrations, a solid tapered rod, the end of 
relatively large cross-section of said rod being 
coupled to said vibration source, a chamber con‘ 
taining a designated fluid, the end of relatively 
lsmall cross-section of said rod being introduced 
into said fluid chamber. and means for fastening 
said test specimen to said vibrating rod in said 
iiuid chamber. ` 

10. An apparatus for studying the corrosive 
action of high velocity fiuorine on a given metal 
which comprises in combination a source of 
ultrasonic vibrations, a solid tapered rod, the 
end of relatively large cross-section of said rod 
being coupled to said vibration source, a chamber 
containing iluorine, the end of relatively small 
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cross-section of said rod being sealed in said 
fluorine chamber, and means for fastening a 
specimen of said test metal to said vibrating rod 
in said ñuorine chamber. 

11. The method of studying the corrosive ac 
tion of high velocity liquids on designated test 
solids which comprises inducing ultrasonic vibra 
tions in the end of. relatively large cross-section 
of a solid tapered rod, introducing the end of 
relatively small cross-section of said rod into a 
chamber containing a designated liquid, attach 
ing a specimen of said test solid to the small end 
of said rod for a given period of vibration, and 
observing the eifect of said motion on said speci 
men. 

12. An apparatus for studying the corrosive 
action on a given test solid of cavitation in liq 
uids which comprlses in combination a source of 

' ultrasonic vibrations, a solid tapered rod, the end 
of relatively large cross-section of said rod being 
coupled to said vibration source, a chamber con- > 
taining a designated liquid, the end of relatively 
small cross-section of said rod being sealed in 
said liquid chamber, means for fastening a speci 
men of test material to said vibrating rod in 
said liquid chamber. 

13. An apparatus for studying the corrosive 
action of cavitation in liquids on a given test 
solid which comprises in combination a piezo 
electric crystal element, means for driving said 
piezoelectric element to vibrate compressionally, 
said piezoelectric element having a surface of 
high peak displacement at the resonant frequency 
thereof, a solid metal rod cemented to the given 
surface of said piezoelectric element, the cross 
sectional area of said rod diminishing from a 
value substantially equal to the area of the given 
surface of the piezoelectric element at the junc 
ture between said rod and said element to a rela 
tively small value at an end of said rod remote 
from said juncture, a chamber containing liquid, 
means to seal the small end of said rod in said 
liquid chamber, and means for attaching said 
test specimen to said rod in said liquid chamber. 

14. The method of‘ setting up cavitation in 
A liquids which comprises inducing standing ultra 
sonic waves in a solid tapered rod which have 
approximate anti-nodes at the ends of said rod, 
and introducing the end of smaller cross-section 
of said rod into a chamber containing liquid, 
whereby concentrated vibrational energy is 
transmitted to said liquid. 

15. A piezoelectric element having a natural 
longitudinal resonance mode of vibration at a 

a displacement multiplying 
transformer comprising an elongated element 
having a high compliance forv longitudinal 
stresses at one end and a low compliance at the 
opposite end, said element having its high com 
pliance end fixedly connected to a surface of 
the piezoelectric element which is subjected to 
greatest displacement during longitudinal vibra 
tion of the piezoelectric element and means for 
subjecting the piezoelectric element to an alter 
nating electric field of its longitudinal mode 
resonance frequency and of such direction with 
reference to the piezoelectric element as to excite 
longitudinal vibrations of the piezoelectric ele 
ment. 

16. An apparatus comprising in combination a 
source of oscillations, a compressional wave driv 
ing means in energy transfer relation with said 
source, and means connected in. driven relation 
to said driving means comprising a metal rod 
tapered from a maximum cross-section at the 
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end thereof adjacent said driving means to a 
minimum cross-section at the other end of said 
rod, the vibrating system comprising said rod 
and said driving means being resonant to a given 
frequency of said source of oscillations, said rod 
having a protuberance near the said end of mini 
mum cross-section at a node in said vibratory 
system to serve as a point of attachment to said 
rod. . 

1‘7. A system in accordance with claim 16 in 
which a support is located at substantially a node 
in the motion of said vibrating system. 

18. A system in accordance with claim 17 in 
which said driving means comprises a piezoelec 
tric crystal element. 

19. A system in accordance with claim 18 in 
which said piezoelectric ldriving means_is con 
nected to said driven means at substantially an 
anti-node in the motion of said vibrating sys 
tem. 

20. An apparatus comprising in combination 
a source of oscillations, a compressional wave 
driving means in energy transfer relation with 
said source, and means connected in driven rela 
tion to said driving means comprising a metal 
rod tapered from a maximum cross-section at 
the end thereof adjacent said driving means to 
a minimum cross-section at the other end of 
said rod, the vibrating system comprising said 
rod and said driving means being resonant to a 
given frequency of said source of oscillations, 
said rod having a protuberance near the said 
end of minimum cross-section of said rod to serve 
as a point of attachment for said rod wherein 
the end of minimum cross-section of said rod 
terminates in a fitting constructed to form a 
disengageable rigid joint with said specimen. 

21. An apparatus comprising in combination 
La source of oscillations, a compressional wave 
driving means in energy transfer relation with 
said source, and means connected in driven rela 
tion to said driving means comprising a metal 
rod tapered from a maximum cross-section at 
the end thereof adjacent said driving means to 
a minimum cross-section at the other end of 
said rod, the vibrating system comprising said 
rod and said driving means being resonant to a 
given frequency of said source of oscillations, 
said rod having a protuberance- near the said 
end of minimum cross-section of said rod to serve 
as a point of attachment for said rod wherein 
the end of minimum' cross-section of said rod 
terminates in a fitting constructed to form a dis 
engageable rigid joint with said specimen and 
wherein said fitting is substantially at an anti 
node in the motion of said vibrating system. 

22. An apparatus comprising in combination a 
source of oscillations, a compressional wave driv 
ing means in >energy transfer relation with said 
source, and means connected in driven relation 
to said driving means comprising a metal rod 
tapered from a maximum cross-section at the 
end thereof adjacent said driving means to a 
minimum cross-section at the other end of said 
rod, the vibrating system comprising said rod 
and said driving means being resonant to a given 
frequency of said source of oscillations, said rod 
having a protuberance near the said end of mini 
mum cross-section of said rod to serve as a point 
of attachment for said rod wherein the end of 
minimum cross-section of said rod terminates 
in a fitting constructed to form a disengageable 
rigid joint with said specimen and wherein said » 

Vfitting comprises a screw-threaded member. 
23. An apparatus for fatigue testing specimens 
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comprising in combination a source of oscilla 
tions, a compressional wave driving means in 
energy transfer relation with said source, and 
means connected in driven relation to said driv 
ing means comprising a metal rod tapered from 
a maximum cross-section at the end of said rod 
adjacent said driving means to a minimum cross 
section at the other end of said rod, the end of 
minimum cross-section terminating in a fitting 
constructed to form a disengageable rigid joint 
with a test specimen. 

24. A system in accordance with claim 23 in 
which said ñtting comprises a screw-threaded 
member. 

25. The method of fatigue testing a given ma 
terial which comprises forming a rod of said ma 
terial which tapers from a relatively large cross 
section at one end to a narrow neck intermediate 
of the ends of said rod, inducing forced vibrations 
in the end of relatively large cross-section of 
said rod which are of such a frequency as to 
produce a substantial node at said neck, and con 
tinuing said vibrations until the fracture of said 
neck.  

26. The method of testing the breaking 
strength of a substance which comprises induc 
ing standing compressional waves in a rod of 
said substance which varies from a maximum 
cross-section in one portion thereof to a narrow 
neck in another portion thereof, said waves hav 
ing an approximate node at said neck, and in 
ducing vibrations in the end oi' maximum cross 
section of said rod for a given interval to deter 

10 

15 

mine the weakening effect of said vibrations on 
said neck. 

27. An apparatus in accordance with claim 2 
in which said electromechanical driving element 
is a piezoelectric crystal element. 

28. An apparatus in accordance with claim 3 
in which said electromechanical driving element 
is a piezoelectric crystal element. 

29. An apparatus in accordance with claim 4 
in which said electromechanical driving element 
is a piezoelectric crystal element. 

WARREN P. MASON. 
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