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United States Patent Office 3,387,607 
Patented June 11, 1968 

3,387,607 
APPARATUS FOR INHALATION THERAPY 

William D. Gauthier, Sylvania Township, Lucas County, 
and Robert J. Della Flora, Toledo, Ohio, assignors to 
The De Vilbiss Company, Toledo, Ohio, a corporation 
of Ohio 
Continuation-in-part of application Ser. No. 343,617, 

Feb. 10, 1964. This application Mar. 27, 1967, Ser. 
No. 626,319 

14 Claims. (C. 128-173) 

ABSTRACT OF THE DISCLOSURE 
Ultrasonic apparatus for the production of an aerosol 

for human inhalation therapy. The aerosol is character 
ized by a relatively narrow range of particle size. The 
sonic energy is directed to produce a zone of disturbance 
at the surface of the liquid to be nebulized for maximum 
aerosol emission. 

This application is a continuation-in-part of our appli 
cation Ser. No. 343,617, filed Feb. 10, 1964, now aban 
doned. 

Background of the invention 
At the present time inhalation therapy is carried out by 

the steam vaporization of water or water-borne medica 
ments or by mechanically nebulizing water or other 
appropriate medicaments. The mechanical nebulizers pres 
ently used disperse the liquid into an air-suspended fog 
of small particles pneumatically. The nebulization is char 
acterized by a random particle size so that the air-sus 
pended mass of droplets contains many large particles that 
will settle out and will not be inhaled and only a relatively 
small percentage of particles or droplets small enough to 
actually reach the affected portions of the respiratory 
tract in such condition that the treatment is effective. It 
is generally believed that if the droplets in the fog are 
greater in diameter than about 6 microns, they will not 
enter the lungs or lower respiratory tract satisfactorily but 
may settle out or condense, according to the literature. 
The nebulizer of the present invention delivers a true 

aerosol which may be discharged into the open air in front 
of the patient so that he inhales a mixture of air and 
nebulized liquid, or the apparatus may be used to deliver 
the aerosol through a tube terminating in a mask which 
is placed over the nose and mouth of the patient. By this 
latter apparatus the density of the aerosol or fog of in 
haled liquid particles can be made as high as the physi 
cian requires and can be controlled. If desired, a slight 
positive pressure can be maintained at the mask to relieve 
the patient from the labor of inhalation and to insure com 
plete entry of the nebulized medicine into the desired 
regions of the respiratory tract. When the nebulized liquid 
is delivered into the room, present devices are found to 
be inefficient and of such low capacity that several of 
them may be required to deliver the desired quantity of 
aerosolized fluid and the resulting aerosol density is very 
low. A single conventional air operated nebulizer unit 
will deliver about 750 cubic centimeters of liquid per day 
but an appreciable percentage of the particles in the dis 
charge are of a size range that is not usable for treatment 
by inhalation. The unit of the present invention will neb 
ulize in excess of 7500 cubic centimeters per day, and a 
much greater percentage of the aerosolized fluid will be 
of a particle size appropriate for reaching the desired por 
tions of the respiratory tract. 
One of the objects of the present invention, therefore, 

is to increase the capacity of nebulizing units and to de 
liver a high volume and dense mass of nebulized fluid 
having a particle size suitable for inhalation therapy not 
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2 
only in the upper respiratory tract but in the lungs them." 
selves. 

Another object of the invention is to provide an ultra 
sonic nebulizer in which the acoustic power density at the 
surface of the liquid being nebulized is maintained within 
an optimum range between a low value at which insuffi 
cient nebulization takes place and a high value in which 
the acoustic energy is expended in the formation of a high, 
thin geyser from which little of the liquid passes into a 
nebulized form, within the particle size range that will 
penetrate by inhalation into the human respiratory tract. 

Another object of the present invention is to provide 
an apparatus in which a greater percentage of the medica 
ment particles are within a narrow range of sizes that will 
effectively penetrate the respiratory tract by inhalation 
and that will not be "re-breathed.” 
An advantage of the present invention is that there is 

no substantial change in the concentration of additives in 
the medicament as occurs with mechanically operated 
nebulizers which tend to evaporate the more readily 
vaporizable fractions of the liquid throughout the course 
of the treatment. 

Still another advantage of the present invention is the 
absence of the objectionable and disturbing noise that 
accompanies the operation of conventional mechanical 
nebulizers, and the absence of added heat that accom 
panies the use of steam vaporizers. 
As herein used, the word "medicament' is broad enough 

to include any substance that has a therapeutic effect, and 
for many disorders, water is such a substance. However, 
many of the medicines required for inhalation therapy 
are expensive and are required only in small amounts. 
While the capacity of the units constructed in accordance 
with the present invention is high, the arrangement of the 
parts is such that effective nebulization of very small 
quantities of liquid is obtainable. 
The energy required to break up the liquid into drop 

lets is derived, in the present invention, by directing ultra 
sonic compressional wave energy through a body of cou 
pling liquid into a treatment or nebulizing chamber. The 
nebulizing chamber is removable from the portion of the 
apparatus containing the sound transducer and coupling 
liquid so that it may be removed therefrom and auto 
claved if desired. The sound energy is passed through an 
acoustically transparent spherically curved window in the 
bottom wall of the nebulizing chamber, and into the body 
of liquid in the nebulizing chamber. 

It has long been known that a focused beam of ultra 
sonic compressional wave energy can be used to cause 
violent cavitation of the surface of a body of liquid caus 
ing what is referred to in the literature as a "geyser.” 
This violent surface activity throws liquid upwardly from 
the surface of the mass, but does not disperse an ap 
preciable amount of it into small particles as would be 
expected. We have found that creation of a dense fog of 
liquid particles having a size range suitable for inhalation 
therapy is best obtained when the geyser is low and broad, 
having a dome-like configuration as hereinafter ex 
plained. 
We have found that if the focusing of the sound beam 

is sharp and the focal point occurs at or very near the 
liquid surface the energy is expended in the formation 
of the violent and high geyser and not in the produc 
tion of the desired aeroscl. However, if the acoustic 
power density at the liquid surface is controlled properly 
the geyser can be quite broad and low, but the quantity 
of aerosol can be greatly increased. Optimizing this power 
density can be achieved in several ways: by focusing the 
sound waves well above or (less favorably) well below 
the liquid surface, by utilizing a flat transducer, by 
utilizing a relatively poorly focusing transducer or by 
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driving a transducer at a frequency different than, pref 
erably above, its resonant frequency. If the ultrasonic 
energy is focused at or near the surface of the liquid and 
appreciable power is applied the geyser is quite violent 
but very little of the liquid is dispersed into droplets in 
the size range that is effective for inhalation therapy, or 
in the size range between 1 and 6 microns in diameter. 

Proper power density can also be achieved by applying 
a relatively high electrical power per unit of active sur 
face of non-focusing electro-acoustical transducers. When 
the proper range of sonic power density occurs at the 
surface of the liquid, it has been found that a non 
violent geyser with a broad base occurs, and the shape of 
that geyser is such that sonic reflections from the gen 
erally parabolic surface of the geyser effects a concen 
tration of the sonic energy probably within the geyser 
itself to give optimum nebulization. Of course, main 
taining the proper power density range over a larger area 
increases aerosol production. 
The optimum power density range for nebulization of 

the various liquids, of course, can be quite different. 
For a given oscillator power, the proper acoustical 

power density can also be obtained by slightly de-tuning 
the unit from a frequency which would give a violent 
geyser with a given transducer and thus decreasing the 
electro-acoustical transducer's efficiency. This method of 
power density control can, however, reflect in undue heat 
ing of the equipment. 
While the apparatus of the present invention is pri 

marily intended for nebulizing fluids for inhalation thera 
py, it has also been found to be effective for emulsifying 
immiscible liquids in small quantities, for example, in 
those cases where an extremely expensive materiat must 
be suspended in an inexpensive carrier. It has also been 
found to be useful in producing a fog of antiseptic ma 
terials for room sterilization because the Small particle 
size of the aerosol has substantially enhanced penetrating 
power. 

In its method aspects, the primary object of the pres 
ent invention is to provide a new method of forming an 
aerosol of a liquid suitable for inhalation therapy, which 
method is characterized by the creation of a large volume 
of aerosol particles by means of ultrasonic energy focused 
within the geyser ultrasonically formed on the surface of 
the treatment liquid. 

Other objects and advantages of the invention will be 
come apparent from the following detailed description of 
a preferred form thereof, reference being had to the 
accompanying drawings, in which: 

FIG. 1 is a diagrammatic view, with parts in section 
and parts broken away of an apparatus constructed in 
accordance with the present invention and arranged to 
carry out the method thereof; 
FIG. 2 is a somewhat enlarged, central vertical Sec 

tional view, of a portion of the apparatus in which me 
dicament nebulizing is accomplished; 

FIG. 3 is a sectional view on line 3-3 of FIG. 2; 
FIG. 4 is a detail cross-sectional view of a member, 

the center portion of which constitutes an acoustically 
transparent diaphragm and that forms a portion of the 
lower wall of the medicament chamber; 
FIG. 5 is a central vertical sectional view of the pre 

ferred form of electro-acoustic transducer, with the elec 
trode layers thereof being exaggerated in thickness; 

FIG. 6 is a fragmentary cross-sectional view of a 
nebulizer having a modified form of electro-acoustic 
transducer; and 

FIG. 7 is a fragmentary cross-sectional view of a 
nebulizer having still another modified form of electro 
acoustic transducer. 

Referring to FIGURES 1 and 2 of the drawings, an 
apparatus embodying the present invention comprises a 
lower housing 10 in which an electro-acoustical trans 
ducer is mounted, the transducer being in the form of a 
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4. 
mass such as a lead zirconate titanate ceramic 12, excited 
in the thickness mode from a suitable oscillator 14, and 
transmitting into a body of coupling liquid 15 which is 
contained in a chamber 6. The chamber 16 is preferably 
an open top vessel having a flanged extension 18 and a 
pouring lip 19 so that it can be conveniently emptied 
when necessary. 
The transducer 12 has an electrically conductive coat 

ing on its front face that extends over the edges of the 
spherical body onto the rear surface thereof, which coat 
ing forms a ground electrode 20 of the energizing cir 
cuit. Spaced inwardly from the electrode 20 formed by 
the above-described coating, and separated therefrom by 
an annular band of the insulating ceramic material of 
the transducer is an electrode 21 which is connected to 
one side of the oscillator 14 through a spring contact 21a. 
Thus both electrical connections to the transducer are 
made on the rear face thereof and away from the face 
that is in contact with the coupling liquid. The resonant 
frequency of operation depends, of course, on the ma 
terial and physical dimensions of the transducer and on 
its mounting. The transducer 12 is preferably a spheri 
cally ground body of lead zirconate titanate ceramic, 
polarized in the direction of its thickness, although a 
flat transducer similarly polarized may be used as here 
inafter described. A resonant frequency of 1.25 mega 
cycles per second has been found to be satisfactory 
although higher or lower frequencies in the ultrasonic 
range may be used. A transducer resonating at 1.25 mega 
cycles per second is more rugged and less expensive than 
one operating at higher frequencies. 
The transducer is mounted in position in the bottom 

of the chamber 16 against an O-ring 22. A follower ring 
23 contacts the underface of the crystal 12 adjacent its 
edges and is in electrical contact with the annular ground 
electrode 20, and the follower ring is urged against the 
transducer by a plurality, preferably three, of coil springs 
24 disposed between the follower ring 23 and the bottom 
of the housing 16. The ground electrode 20 is thus con 
nected to the oscillator 14 by the follower ring, the springs 
24 and a suitable conductor. By mounting the transducer 
in this manner, the effect of any temperature changes that 
might cause expansion of the parts and stress on the 
relatively fragile transducer 12 are minimized and yet 
the escape of coupling liquid into the bottom of the hous 
ing is effectively prevented. It will be appreciated that a 
change in stress around the edge of the transducer 12 
will change its operating characteristics and may even 
crack it. 
The nebulizing chamber comprises a vessel 26 carried 

on a lower ring 27 and removably supported by suitable 
legs 28 on the flange surface 18 of the lower chamber or 
housing 16. A transparent cover is preferably used to 
close and seal the open upper end of the vessel. The 
bottom surface of the vessel 26 includes a downwardly 
tapered wall 29 having a central opening 30, and a dia 
phragm 31 is clamped against the wall 30 by an annular 
clamp ring 32. The diaphragm 31 is made of a thin acous 
tically transparent plastic membrane such as “Mylar' 
and has a center portion that is molded into a central 
downwardly extending spherically curved window 33. The 
Mylar diaphragm need be only two or three thousandths 
of an inch thick; enough to be self-sustaining and suffi 
ciently rugged to withstand normal handling. A pierced or 
broken diaphragm can be easily replaced by removing 
the clamp ring 32. 
By utilizing the downwardly extending spherically 

curved window 33, it has been found that there is no 
need to de-gas the coupling liquid 15 contained within 
the chamber 16. Any bubbles that appear in this liquid 
due to the agitation caused by the energy radiated from 
the transducer 12 will float upwardly around the convex 
surface of the window 33 and will not collect on this 
lower Surface to cause interference with the transmis 

Spherically curved piezoelectric crystal or crystalline 75 sion through the diaphragm. The spherically curved win 
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dow has the additional advantage that it permits small 
amounts of liquid on its concave upper surface to be 
subjected to the sound transmission and concentrated in 
the center area where the acoustical energy is of the 
desired density. 
When a continuous feeding of liquid is indicated, the 

level of liquid within the nebulizing chamber may be 
maintained at a preselected level by any suitable auto 
matic means. A simple float operated valve including a 
toroidally shaped float 40 pivotally connected to a needle 
valve 41 by a lever fulcrumed at 42 may be used to 
control the opening of a supply line 43. In the form 
shown in the drawings this supply line comprises a tu 
bular inlet pipe connected at its upper end to a supply 
conduit 44 and fixed adjacent the wall of the nebulizing 
chamber by a connector 45. The supply conduit 44 in 
turn connects to a jar of the liquid which it is desired to 
nebulize, flow to the nebulizer being caused by gravity. 
When the level of liquid in the nebulizing chamber falls, 
the float causes the needle valve 41 to open, and when 
the level has risen to the preselected point, the float closes 
the inlet supply valve. 
The energy radiated from the transducer 12 to the 

liquid in the nebulizing chamber 16 causes the liquid to 
be thrown upward in the nebulizing chamber. By estab 
lshing a relatively wide zone of application of the acous 
tic energy to the surface of the liquid, the geyser is lower 
and the output of suitable aerosol is increased. A sharply 
focused beam of sonic energy produces a violent, high 
geyser but virtually no aerosol. In general, the size of the 
resulting droplets will vary inversely with the frequency 
of operation, a higher frequency causing the appearance 
of smaller droplets. For inhalation therapy droplets be 
tween about 1 micron and about 6 microns are believed 
to be desirable. However, at the lower side of this range, 
the droplets are so fine that many of them are re 
breathed and are less effective for treatment. At the 
upper end of the stated range the droplets exhibit a pro 
nounced tendency to settle out and not all of the liquid 
will enter the respiratory tract of the patient and very 
little of the liquid will enter the lungs for deep therapy. 
Between about 2 and 4 microns in particle diameter the 
droplet size appears to be optimum, very little of the 
liquid being re-breathed and very little of it settling out 
even though the aerosol may be transmitted through sev 
eral feet of tubing from the nebulizer to the patient. 
One form of the present invention provides a motor 

driven blower 50 which causes a current of carrier gas 
to pass, through the nebulizing chamber and forces the 
nebulized particles through a discharge fitting 51 and into 
a conveying tube 52. A settling trap in the form of an 
upwardly extending arm 53 having a cover 54 is pro 
vided to separate any large droplets that might have been 
carried away with the desired aerosol or finely nebulized 
material. These droplets collect on the plate 54 and fall 
back through the discharge fitting 51 into the nebulizing 
chamber. While the forceable removal of nebulized par 
ticles from the nebulizing chamber by the carrier gas 
stream is desirable, a demand type of nebulizer is some 
times used in which aerosol accumulates in the nebulizing 
chamber and is extracted therefrom by the breathing of 
the patient. The nebulizer of the present invention may 
be so operated if the blower 50 is turned off or not used. 

It will be apparent that instead of passing air from blow 
er 50 through the nebulizing chamber, other gases may 
be used to remove the aerosol from the nebulizing cham 
ber to the patient, and that this gas may be oxygen if de 
sired or, in many instances, may be an anaesthetic gas so 
that the aerosol is used to improve the humidity of the 
anaesthetic material. The present invention may also be 
useful in the introduction of contrast media into the 
lungs of a patient to facilitate X-ray examination and 
diagnosis. 

Nebulizers are frequently used unattended, and there 
is the possibility that the supply of liquid to the nebuliz 
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6 
ing chamber may become exhausted. If this happens, the 
continued operation of the transducer 12 might burn the 
thin window 33 and puncture it. It is therefore desirable 
to control the operation of the transducer thermostatically 
in accordance with the attained temperature of the lower 
vessel 16 which reflects the temperature of the coupling 
liquid 15. A thermostat T is shown diagrammatically in 
FIG. 2 in position to accomplish this control. If the cou 
pling liquid becomes too hot, the transducer should be 
turned off not only to save the window 33 but to save 
the transducer itself since some transducer materials are 
not capable of withstanding temperatures in excess of 130 
C. without depolarization, and the coupling liquid is re 
lied on to cool the transducer. 

In operating the nebulizer described above, the cou 
pling liquid container 16 is filled with water which, as 
above noted, need not be de-gassed. The previously ster 
ilized nebulizing chamber or vessel 26 is placed on the 
flanged surface of the lower housing and connections to 
the medicament jar are made through conduit 44 and con 
nections to the blower 50 and to the discharge tube 52 are 
likewise established. These connections may be simply 
frictional connections between a flexible tube and the 
appropriate fittings on the vessel 26. The nebulizing vessel 
16 will fill promptly from its supply jar until the float con 
trolled valve 41 is closed by its float. The oscillator 14 may 
then be turned on and the nebulizing chamber will imme 
diately fill with a dense mass of very finely divided or 
air-borne nebulized liquid. The blower 50 will operate 
to convey the aerosol from the nebuilizing chamber 
through the discharge tube 52 to the patient. 
The oscillator 14 is initially adjusted to the resonant 

frequency of the transducer 12 and is then de-tuned to 
drive the transducer at a frequency above its resonant 
frequency. We have found that a transducer having a de 
signed resonant frequency of 1.25 megacycles per second 
operates to produce a maximum volume of aerosol when 
driven at about 1.35 megacycles per second. The adjust 
ment of the oscillator can be made visually because the 
aerosol output in the vessel 26 is noticeably affected by a 
change in frequency of the oscillator and thus of the 
transducer 12. As previously noted, the appearance of a 
dense fog of nebulized material accompanying a low, 
broad geyser is indicative of satisfactory adjustment. The 
operation of the blower 50 may be adjusted to increase 
or decrease the throughput of air or carrier gas and thus 
increase or decrease the quantity and density of aerosol 
supplied to the patient and, if desired, the positive pres 
Sure created by the blower may be dispensed with and the 
vessel 26 used as a supply of aerosol to be drawn there 
from on demand by the patient. 

Controlling the quantity and density of the aerosol 
supplied to the patient from the apparatus of the present 
invention is desirable, because the peak aerosol density 
that is obtainable is much greater than can be initially 
tolerated by the patient in some instances. In certain in 
halation treatments, the attending physician will cause the 
patient to breathe a relatively dilute aerosol solution and 
then increase its density gradually until the desired den 
sity of the unit is reached. If the full density were to be 
used at the beginning of the treatment, certain results 
of the treatment might be lost because of the inability of 
the patient to tolerate the high density aerosol without 
coughing or otherwise refusing to inhale the medicament. 

If the apparatus of the present invention is used as a 
nebulizer to produce a fog of antiseptic material for room 
sterilization, or for similar uses where it is not important 
that a separate, sterilizable medicament chamber be pro 
vided, the diaphragm 31 may be dispensed with and the 
liquid that has been previously denoted as a coupling 
liquid may become the nebulized material. In this in 
stance, a float controlled valve will be used to maintain 
the level of liquid substantially constant but there will be 
no separation of the medicament and coupling liquids 
as such, these two liquids being, in this case, the same. 
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Under these circumstances the upper and lower containers 
6 and 26 could be made as a single vessel. 
FIG. 6 shows a portion of a nebulizer having a modi 

fied form of the transducer system. In this form the trans 
ducer mass is a flat-ground plate 120 of piezoelectric ma 
terial which will radiate plane-parallel waves into the 
coupling liquid. An acoustic lens 121 is provided which 
may comprise a double concave body of Lucite or poly 
styrene resin having a central orifice 122 to allow the 
circulation of coupling liquid. The electrical energy is 
brought into the plate 120 by a peripheral electrode 123 
which extends across the front of the transducer and 
around to the margin of the rear face, and by the central 
electrode 124 which is confined to the rear face as in 
the form shown in FIG. 2. Contact to these electrodes 
from the oscillator are made as previously described. 

In the operation of this modified form of the inven 
tion, the ultrasonic energy orginating in the transducer is 
focused by the lens 121, and the focal point is well above 
the medicament chamber as before. The operation is the 
same as previously described except for the arrangement 
by which a focused beam of ultrasonic energy is caused 
to pass through the coupling liquid into the medicament 
chamber. 

FIG. 7 shows an alternate form in which a flat trans 
ducer is used, the transducer itself being designated by 
the reference number 140. Power is supplied thereto 
through connectors 141 and 142. The transducer 140 
vibrates to project its compressional wave energy upward 
ly through the liquid to the surface thereof where a broad, 
dome-like geyser is formed. The sound waves appear to 
come to a focus within the geyser by reflection from the 
air-liquid interface to form a high concentration of suit 
ably nebulized liquid as indicated at 143 in FIG.7. 

In the operaton of the modified form of the invention 
shown in FIG, 7, the proper level of ultrasonic power 
density at the surface of the liquid is not achieved by a 
focusing electro-acoustical transducer through a coupling 
liquid or by a focusing system located below the normal 
liquid level, but rather is obtained by exciting a non 
focusing transducer by a much higher power density than 
is applied to the transducer in a focusing system. Since 
the focusing is achieved within the geyser itself when 
proper power density is applied at the liquid surface, the 
liquid level is not critical and a liquid-level control means 
is not required. 

In the case of a nebulizer employing the construction 
of FIGURE 2, it has been found that if a unit having a 
transducer with a resonant frequency of 1.25 mc. and 
which is a 2' diameter segment of a 3%' radius sphere, 
and if the normal liquid level is maintained approximate 
ly 2,4' from the center of the transducer, nebulization 
can be effected if 1.35 mc. electrical power is applied in a 
range from approximately 20 to approximately 100 Watts. 
Approximately the same power density at the normal Sur 
face level could be obtained by applying the same power 
to a flat transducer with a diameter of approximately 1'. 
When flat transducers are utilized without lenses or 

other auxiliary focusing devices, as shown in FIG. 7, care 
must be taken to maintain the power density sufficiently 
low to prevent fatigue of the transducer or erosion of the 
face of the transducer due to cavitation. 
FIGS. 2, 6 and 7 show diagrammatically the broad 

based geyser in which concentration of the sonic energy 
occurs, probably by reflection from the walls of the geyser 
itself. Such a geyser has been found to be most effective, 
but in practice it is difficult to make a precise examination 
of the geyser because of the presence of the dense aerosol 
or fog within the chamber 26. Attempting to blow the fog 
away to examine the geyser probably results in distorting 
the configuration thereof. 

It will be appreciated that other transducer configura 
tions may be used, and that various modifications and 
changes may be made in the remainder of the elements 
without departing from the scope of the appended claims. 
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What we claim is: 
1. In an apparatus for creating an aerosol for medical 

purposes, the combination of, means forming a chamber 
for containing an acoustic coupling liquid, a body of 
coupling liquid in said chamber, an electro-acoustic trans 
ducer system, said transducer system having a transducer 
forming at least a portion of a lower wall of said chamber 
and so constructed and arranged that when energized 
beams of ultrasonic energy pass through said coupling 
liquid, a separable medicament chamber disposed over 
said coupling liquid chamber and having an acoustically 
transparent lower wall immersed in said coupling liquid, 
means to control the level of liquid medicament in said 
medicament chamber, the focal point of said transducer 
system being within said medicament chamber but above 
the level of liquid medicament therein, said beams of 
sonic energy intersecting the surface of said medicament 
liquid in a broad zone, means to energize said transducer 
system at a power density per unit of transducer area that 
will cause violent agitation and cavitation of the surface 
of said liquid medicament and said beams of sonic energy 
come to a focus within a geyser thrown upwardly there 
from, whereby to cause the dispersal of said liquid medica 
ment into an aerosol of medicament droplets, and means 
to remove said aerosol from said medicament chamber. 

2. The combination of elements defined in claim 1 in 
which said means to control the level of said liquid medic 
ament includes a float operated valve. 

3. The combination of elements defined in claim 2 in 
which said float operated valve includes a toroidal float 
and said ultrasonic energy passes into the torus of said 
float. 

4. The combination of elements defined in claim 1 in 
which said means to remove said aerosol from said me 
dicament chamber includes a positive pressure means to 
induce air flow through said chamber. ; :- 

5. The combination of elements defined in claim 1 in 
which said separable medicament chamber has an acous 
tically transparent thin window in its lower wall, said 
window having a convex surface exposed to the coupling 
liquid, whereby bubbles formed in said coupling liquid 
will float upwardly away from said convex surface. 

6. The combination of elements defined in claim 1 in 
which said electro-acoustic transducer is driven at a fre 
quency above its resonant frequency to produce the maxi 
mum volume of aerosol within said medicament cham 
ber. - 

7. The combination of elements defined in claim 1 in 
which said electro-acoustic transducer is driven at a fre 
quency greater than one megacycle and at a frequency 
about 100 kilocycles per second above its resonant fre 
quency to produce the maximum volume of aerosol with 
in said medicament chamber. 

8. The combination of elements defined in claim 1 in 
which said electro-acoustic transducer has a resonant 
frequency of 1.25 megacycles per second and is driven 
at a frequency of 1.35 megacycles per second to produce 
the maximum volume of aerosol within said medicament 
chamber. - 

9. In an apparatus for creating an aerosol for medical 
purposes, the combination of means forming a first cham 
ber, a body of liquid to be nebulized in said chamber, 
an electro-acoustic transducer system having a transducer 
forming at least a portion of the bottom wall of said 
chamber and so constructed and arranged that when 
energized beams of ultrasonic energy pass through said 
body of liquid, a nebulizing chamber disposed over said 
first chamber, said beams of ultrasonic energy intersect 
ing the surface of liquid to be nebuilized in said nebu 
lizing chamber in a broad zone, means to energize said 
transducer system at a power density per unit of trans 
ducer area that will cause violent agitation and cavita 
tion of the surface of the liquid in said nebulizing cham 
ber, whereby said beams of ultrasonic energy come to 
a focus within a geyser thrown upwardly therefrom to 
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cause dispersal of said liquid into an aerosol, and means 
to remove said aerosol from said nebulizing chamber. 

10. In an apparatus for creating an aerosol for medi 
cal purposes, the combination of, means forming a cham 
ber for containing an acoustic coupling liquid, a body 
of coupling liquid in said chamber, an electro-acoustic 
transducer system, said transducer system having a trans 
ducer forming at least a portion of a lower wall of said 
chamber and so constructed and arranged that when ener 
gized beams of ultrasonic energy pass through said cou 
pling liquid, a separable medicament chamber disposed 
over said coupling liquid chamber and having an acous 
tically transparent lower wall immersed in said coupling 
liquid, said beams of sonic energy intersecting the sur 
face of said medicament liquid in a broad zone, means 
to energize said transducer system at a power density per 
unit of transducer area that will cause violent agitation 
and cavitation of the surface of said liquid medicament 
and said beams of sonic energy come to a focus within 
a geyser thrown upwardly therefrom, whereby to cause 
the dispersal of said liquid medicament into an aerosol 
of medicament droplets, and means to remove said aer 
osol from said medicament chamber. 

O 

5 

20 

O 
11. The combination of elements defined in claim 10 

in which said transducer has its active face spherically 
curved. 

12. The combination of elements defined in claim 11 
in which the center of curvature of said transducer lies 
substantially above the normal level of liquid to be nebu 
lized. 

13. The combination of elements defined in claim 10 
in which said transducer has a flat active face. 

14. The combination of elements defined in claim 9 
in which said transducer has a flat active face. 
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