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PIEZOELECTRIC PUMP 

Charles L. Stec, 2725 N. Nelson St., Arlington 7, Va. 
Filed Aug. 17, 1962, Ser. No. 219,361 

24 Claims. (Cl. 103-1) 
(Granted under Title 35, US. Code (1952), see. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

This invention relates to a ?uid pump, and more par 
ticularly to a pump that utilizes the dimensional change 
characteristics of piezoelectric materials as a volume 
changing device. 

This application is a continuatiou-in-part of application 
Serial No. 25,178, ?led April 27, 1960, now abandoned. 
The majority of the prior art pumps rely for their 

operation upon a plurality of mechanically moving ele 
ments that, by their nature, create a great deal of noise 
and are therefore objectionable on a submarine or other 
ships where it is desired to maintain as low a noise level 
as possible to prevent detection. Accordingly, there has 
been a long felt need for a pump that is substantially 
free of mechanically moving parts and is silent in opera 
tion. Pursuant to a solution of the aforementioned noise 
problem, the instant silent pump has been invented, and 
utilizes the properties of certain piezoelectric materials 
to provide the pumping, or volume changing, element of 
the pump. 
As is well known in the art, certain piezoelectric ma 

terials, such as for example quartz crystals, rochelle 
salt, barium titanate and compounds of barium titanate 
have piezoelectric properties. Suitable barium titanate 
compounds are commercially available and are barium 
titanate with lead or calcium additives in a range of 5%, 
plus or minus 3%, or lead zirconate additives. Many of 
these materials are adapted to be formed in various shapes 
and sizes and are adapted to be formed into con?gurations 
whose opposite faces can be or are polarized with respect 
to one another. When a piezoelectric material, such as 
barium titanate, is so polarized and has a voltage applied 
to its faces, the material will change shape and/or di 
mension. It is this latter phenomenon that is taken ad 
vantage of in the instant invention. In the instant inven 
tion a varying pumping voltage is applied which causes 
the material to expand and contract with respect to its 
normal condition or dimensions when no voltage is 
applied. 
As indicated above, one of the advantages of the in 

stant pump is that it is silent in operation, thereby making 
it particularly valuable for use aboard naval vessels 
where noise reduction is an ever present problem. In 
addition to noise reduction, the instant pump reduces 
maintenance problems arising from wear and/ or breakage 
such as is present in the moving parts of conventional 
prior art pumps. 

It is also pointed out that by using moldable barium 
titanate or other piezoelectric materials in making the 
pumping element, or elements, of the instant invention, it 
is easy to provide pumps of various sizes and con?gura 
tions. It is accordingly an object of this invention to 
provide a pump adapted to overcome the disadvantages 
of the prior art pumping devices. 
Another object of this invention is to provide a pump 

that is free of mechanically moving parts such as are 
present, for example, in reciprocating piston pumps and 
rotary pumps. 

Still another object of this invention is to provide a 
pump that is noiseless in operation. 
An added object of this invention is to provide a pump 
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2 
that utilizes the characteristics of piezoelectric materials 
to provide a pumping action. 
A further object of this invention is to provide a pump 

that is free of the mechanical friction losses inherent to 
prior pumps. 

Still a further object is to provide a pump that can 
readily be produced in various different sizes and shapes. 
An additional object of this invention is to provide a 

pump that can be readily produced and maintained with 
relatively little expense and by relatively unskilled labor. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated from a consid 
eration of the following detailed description when taken 
in connection with the accompanying drawings by way of 
example only, wherein: 
FIG. 1 is a view, partially in section, and partially 

broken away, of one embodiment of the instant inventive 
pump; 

FIG. 2 is a sectional view of another embodiment of 
the instant invention; 
FIG. 3 is a curve indicating operational characteristics 

of a pump similar to that shown in FIG. 1, with the 
abscissae representing root mean square A.C. voltages 
of 20 cycles per second on a linearly increasing magni 
tude from zero, and the ordinates representing capillary 
displacement of output liquid on a linearly increasing 
magnitude from zero; and 

FIG. 4 is a curve showing the volumetric relation as 
ordinates to AC. frequency of the energizing source as 
abscissae, the energizing AC. voltage being constant at 
500 volts, for a pump in accordance with the invention 
when pumping toil, and 

FIG. 5 is a central cross-sectional view of a modi?ed 
form of piezoelectric pump. 

Referring now to the drawings wherein like reference 
characters designate like or corresponding parts through 
out the several views, there is shown in FIG. 1 a pump 
assembly 10 embodying the invention. The assembly 10 
includes a pump 12 connected by an inlet pipe line 14, 
having a valve 16 therein, to a fluid reservoir 18 having 
a quantity of ?uid 20 therein. 

In accordance with the embodiment of the invention 
shown in FIG. 1, the pump 12 includes a hollow outer 
casing or body 22 made of steel or some other rigid 
material, and having a spherical con?guration, for ex 
ample, being formed of tWo ?anged hemispheres 24 and 
26 connected together by a plurality of bolts 28. 
A hollow sphere or body 30 is mounted or nested with 

in the inner space or chamber of the sphere 22 and is 
held in spaced relation with the interior surface of the 
sphere 22 by a plurality of spacer discs 32 to form a ?uid 
holding or pumping chamber 33. The spacers may be 
made of any suitable material. Examples of such mate 
rials are polyethylene and hard rubber. A minimum 
number of spacers should be used consistent with main 
taining the spheres spaced. Preferably the spheres 22 
and 30 are concentric so that the pump chamber 33 has a 
uniform thickness. Such uniform thickness can obviously 
be obtained with the inner surface of body 22 and the 
outer surface of body 30 being surfaces of revolution of 
geometrically similar curved lines terminating on the axis 
of revolution. 
The sphere 30 is formed of a piezoelectric material 

such as barium titanate. Barium titanate compounds 
are used in the preferred embodiment of the invention, 
since they have the greatest piezoelectric displacement 
characteristics of materials presently known, and are 
readily moldable to various shapes. It is however em 
phasized that the practice of the invention need not be 
limited to barium titanate or its compounds, but that any 
suitable type of piezoelectric material can be utilized. 
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The inner and outer surfaces or faces of the inner 
sphere 30 are coated with an electrode 34 and 46, re 
spectively; the inner electrode 34 having an electrical 
lead 38 electrically connected thereto and extending 
through the walls of the spheres 30 and 22 to one pole of 
a reversing switch mechanism 40. The outer electrode 36 
has a lead 42 which is electrically connected thereto 
and extends through the outer sphere 22 to the other pole 
of the reversing switch 40. The reversing switch 40 may 
be either electronically operated or driven by a motor or 
the like 44 and is connected to a suitable energizing source 
of DC. voltage. 
At the points where leads 38 and 42 pass through the 

respective spheres 30 and 22, said leads are surrounded 
.by ?uid tight grommets 46 ?tted into holes formed in the 
spheres 30 and 22 in such a manner as to prevent pas 
sage of ?uid through the wall of either sphere. 

Utilizing the well known characteristics of piezo 
electric materials, and more particularly barium titanate, 
or its compounds, the sphere 30 is so formed that the in 
ner and outer surfaces thereof are oppositely polarized. 
For example, the inner surface may be polarized posi 
tive and the outer surface negative. The polarization 
process does not form a part of the instant invention, and 
can be achieved by various means. However, and by way 
of example, one polarization process includes ?rst placing 
a piezo-electric specimen in a holder and immersing the 
specimen into an oil bath. A silicone oil has been found 
particularly satisfactory because of its range of tempera 
ture and voltage ?ash point. 
The oil is then heated above the Curie point of the 

piezoelectric specimen, which is usually up to about 130° 
C. A DC. voltage is then applied to the specimen, after 
which said specimen is allowed to cool down through the 
Curie point and the voltage is held until the temperature 
of the specimen has returned to about 50° C. The 
amount of voltage applied is determined by the thickness 
of the sample. It has been found that 7.5 kv. per centi 
meter is the optimum voltage to be used. 
The reason for polarizing hot is that a smaller voltage 

can be used, and there is less chance for arcing across the 
edges of the specimen. In the cold method of polar 
ization, the amount of voltage used is approximately 80 
kv. per inch. 
The materials resulting from the above referred to 

processes are known as electrically polarized piezoelec 
tric materials. 
When a DC. voltage is applied to the surfaces of sphere 

30, through the switch 40 and the leads 38 and 42 of the 
electrodes 34 and 36, and is periodically reversed, alter 
nate radial expansion and contraction of the sphere 30 
‘occurs, while the outer sphere 22 remains ?xed in size. 
By virtue of the alternate expansion and contraction of 
the sphere 30, the pump space or chamber 33 between the 
inner and outer spheres contracts and expands becoming 
alternately larger than and smaller than its size when 
no such D.C. voltage is applied. 
The outer sphere 22 is connected to the pipe line 14 

by an inlet check valve 47 connected to the lower side 
thereof. The valve 47 has a ?uid passageway extending 
therethrough in communication with the pump space or 
chamber 33 between the inner sphere 3t) and the outer 
sphere 22. The valve 47 only allows inward ?ow of 
?uid into the space 33. At a diametrically opposed point 
on the sphere 22 there is connected an outlet check valve 
48 through which ?uid is allowed to pass outwardly of the 
space between the two spheres, but is not allowed to re 
turn thereinto. The outlet check valve 48 may in turn 
be connected to any sort of ?uid conduit 49, which for 
purposes of illustration may be designated as a capillary 
tube. 
When the inner sphere 30 is caused to contract by the 

application of a suitable voltage to its electrodes, fluid is 
sucked into the pump space 33 between the two spheres 
through the check valve 47. When the charge on the 
respective electrodes 34 and 36 of the sphere 39 is re 
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4 
versed or at least quantitatively varied in an opposite di 
rection, the operation is reversed. The sphere expands, 
the check valve 47 closes, and ?uid is forced out of the 
chamber 33 through the check valve 48. As the volt 
age charges on the electrodes 34 and 35 are cyclically re 
versed, through the action of the reversing switch 40, the 
pumping action continues at the frequency of the revers 
ing switch. It is pointed out that the change in volume 
on the part of the sphere 30 is governed by the frequency 
and magnitude of the voltages applied to the electrodes 
34 and 36. 

Instead of a reversing DC. voltage, an AC. voltage 
may be connected to the conductors 38 and 42 to expand 
and contract the sphere 30. 

Referring to FIG. 2 wherein is shown another em 
bodiment of the invention, it is emphasized that this 
embodiment is, for reasons hereinafter set forth, capable 
of about double the pumping capacity of the embodi 
ment shown in FIG. 1. 
The embodiment of the invention shown in FIG. 2 

comprises a pump 12' that includes a rigid steel outer 
casing body or sphere 22' which comprises a pair of 
hemispheres 24' and 26’ bolted together by a plurality of 
bolts 28'. The sphere 22' is hollow so as to provide an 
internal space that receives the pumping elements. 
The pump 12’ has a ?rst, or outermost, pumping body 

or sphere 50 of piezoelectric material, such as barium 
titanate, concentrically mounted within the sphere 22' 
and held in spaced relation therefrom by a plurality of 
disc-like spacer members 51 similar to spacers 32 of FIG. 
1. For ease of fabrication, the sphere 50 is made up 
of two hemispheres, the abutting edges of which are ce 
mented together by any suitable cement such as an epoxy 
resin cement, or for that matter any cement that is in 
soluble in the ?uid being pumped. The entire inner 
surface or face of the sphere 50 is coated with an elec 
trode 52 and the entire outer surface or face is coated 
with an electrode 54. The sphere 50 is hollow and pro 
vides a chamber for receiving a second pumping body 
or sphere 56 of this same polarized material as sphere 
50. The sphere 50 may be considered to be a casing for 
sphere 56. All of the spheres are ?uid-tight. 
The second sphere 56 is mounted concentrically within 

sphere 50, and is spaced therefrom to provide a pump 
chamber therebetween. The sphere 56 is held in spaced 
relation relative to the sphere 50 by a plurality of spacers 
'58 similar to the spacers 51. The inner and outer sur 
faces or faces of the sphere 56 are fully coated with 
electrodes 60 and 62 respectively. 
The spheres 50 and 56 are so polarized that the inner 

surfaces of the respective spheres are polarized alike, 
that is, both inner surfaces may for example be positive 
while the outer surface of each sphere is polarized 
negative. 
The inner electrode 60 of the inner sphere 56 is elec 

trically connected by means of electrical leads 64 and 
66 to the outer electrode 54 of the outer sphere 50, and 
to one terminal of a reversing switch 40', while the 
outer electrode 62 of the inner sphere 50 is connected 
to the inner electrode 52 of the outer sphere 56 which 
connection is in turn connected, by a lead 68, to the other 
terminal of the reversing switch 40'. Such connection 
avoids a voltage gradient across the pump space between 
the spheres, thereby eliminating the danger of arcing in 
said space. 
The switch 40’ is in turn connected to a source of 

DC. voltage. The switch 40' in FIG. 2 is provided 
with a switch reversing motor 44', and in all ways the 
switch 40' is identical to the switch 40 shown in FIG. 1. 

It is emphasized that, by virtue of the manner of con 
nection between the electrodes of the outer and inner 
spheres 5t} and 56, when a positive DC. voltage is 
applied to the inner electrode 60 of the inner sphere 56 
a like positive voltage is applied to the outer electrode 
54 of the outer sphere 5b, and at the same time a nega 
tive voltage is applied to both the outer electrode 62 
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of the inner sphere 56 and the inner electrode 52 of the 
outer sphere 50. Accordingly, one sphere is, for exam 
ple, caused to expand and the other to contract in op 
position, thereby providing about double the pumping 
capacity, for the same sizes, voltage, and frequency, as 
is possible with the construction shown in FIG. 1. 

In order to admit ?uid into the pump space between 
the outer and inner spheres 5t} and 56, a tubular ?tting 
70 is extended through, and a?ixed to, the outer casing 
22' and extends into and through the wall of the outer 
sphere 50 providing a ?uid passageway into the space 
between the spheres. The ?tting 70 may then in turn 
be connected to a ?uid reservoir, such as 18 shown in 
FIG. 1, and includes a check valve such as valve 47 
(FIG. 1). Fluid passes out of the pump space between 
the spheres 50 and 56 through a tubular ?tting 72 that 
extends through the outer sphere 50 and the outer casing 
22’, said ?tting 72 in turn being connected to a check 
valve, such as the valve 48 shown in FIG. 1, so as to 
allow ?uid to pass only outwardly of the pump 12. 
The initial polarization of the respective surfaces of 

the two spheres 50 and 56, the manner of the electrical 
connections between the electrodes on the respective sur 
faces of said spheres, and the reversing switch 40’ of 
the embodiment of the invention shown in FIG. 2 causes 
this embodiment to operate in such a manner as to cause 
simultaneous expansion of one sphere and contraction 
of the other. 
While a mechanical switching arrangement, such as 

40, has been shown as being used in the instant inven 
tion, the invention is not limited to such mechanical ap 
paratus, since it is within the scope of the invention to 
utilize an A.C. energizing source or an electronic switch 
ing gear or any other suitable reversing means. If an 
A.C. energizing source is used, it may be an electronic 
oscillator or a power line of an A.C. system or any 
other form. The use of an electronic switching arrange 
ment or an A.C. energizing source in conjunction with 
the embodiment shown in FIGS. 1 and 2, respectively, 
results in a pump that is completely free of mechanically 
moving parts and is essentially completely noiseless, thus 
rendering the pump especially useful aboard ships where 
maintenance of the noise level at a minimum is quite 
imperative. 
By way of example only, and in no sense to be con 

sidered limiting, an operating form of the embodiment 
shown in FIG. 2 has been manufactured, wherein the 
outer sphere 50 had an outside diameter of 5 inches 
and a wall thickness of .200 inches. The inner sphere 
56 was spaced .025 inches from the inner surface of 
the outer sphere 50, had an outside diameter of 4.55 
inches, and a thickness of .200 inches. 

Using an output capillary tube with the discharge ?t 
ting 72 in the structure described in the preceding para 
graph, having an inside diameter of .061 inches, and 
with a DC. voltage of 200 volts alternatively applied to 
the opposite surfaces of the respective spheres 50 and 
56, at 1820 pulses per minute, the pumped oil in the 
capillary tube rose a distance of approximately 41 cen 

Using a capillary tube having a 
diameter of .126 inches and 400 DC. volts at 510 pulses 
per minute, the oil rose approximately 30 centimeters in 
60 seconds. 
The amount of liquid pumped per unit time is a 

function of the voltage applied across the faces of each 
sphere, the number of pulses per unit time, and the 
material characteristics of the spheres 50 and 56. 
The curves of FIGS. 3 and 4 were obtained with a 

pump with two concentric piezoelectric spheres. The 
inner sphere of barium titanate with lead additive had 
an outer diameter of 4.44 inches and a wall thickness of 
.25 inch. A similar concentric outer sphere had an in 
side diameter 4.5 inches. The capillary tube associated 
therewith on the output side was a polystyrene tube of 
.1 inch inside diameter. 
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6 
FIG. 3 illustrates operating characteristics of the em 

bodiment when an A.C. source of 20 cycles per second 
was utilized as the driving source. It may be observed 
that as the R.M.S. voltage increased, the volume output 
increased linearly in direct proportion to the magnitude 
of the voltage. 

In general, for the particular piezoelectric pump tested, 
a greater volume output is obtained at relatively lower 
frequencies, other conditions being equal. The relation 
ship is represented in FIG. 4 for A.C. energizat-ion. It 
does not appear to be linear with frequency. In FIG. 4 
the solid line is for a pump when the outer sphere only 
was energized; and the broken line when both spheres V 
were in series. The volumetric output is much higher, 
relatively, at the lower frequencies than at the relatively 
higher frequencies of, say 150 c.p.s. and above. In FIG. 
4, the output approaches an asymptotic value as fre 
quency increases with constant Voltage. This is attributed 
to the inability of the pumped liquid to follow the volume 
displacement because of internal liquid friction. How 
ever, the shape of the curve depends largely on such 
factors as ?uid viscosity, size of pumping elements, and 
characteristics of the piezoelectric material of the pump; 
and a corresponding curve for a different pump may be 
quite different from that shown in FIG. 4. 

It has also been found that the viscosity of the liquid 
pumped is a parameter in the operation of the pump‘; 
and in ranges of from 10*2 to 1 poise, a test of a pump 
pumping oils showed viscosity to have a small eifect on 
the output of the pump. Tests have also shown that the 
pump will pump liquid against a back pressure of over 
1500 pounds per square inch. 
The outline shapes at the pump chamber of the pump 

members of the pump may take forms other than spheres. 
Those formed by nested surfaces of revolution are pre 
ferred. 
FIG. 5 shows a speci?c piezoelectric pump of a cy 

lindrical form generally corresponding to a rectangle ro 
tated on its long side as an axis. The pump comprises 
an outer pump member in the form of a hollow cylindri 
cal tube 80 and two polystyrene end plates 82 and 84 
clamping the tube 80 therebetween. Circular gaskets 86 
are interposed at the ends of the tube to insure liquid 
tight joints. The gaskets are thin and of low compressi 
bility to insure that pumping volume is not adversely 
affected. The tube 80 is made of an electrically polarized 
piezoelectric material provided with inner and outer sur 
face-electrodes across which a suitable driving voltage 
may be connected. The end plates are mechanically tied 
together with tie-rods 88 in a hexagonal arrangement. 
The upper end plate 82 is provided with a discharge or 

outlet 90 provided with an outlet check valve; and the 
lower end plate 84 is provided with an inlet 92 provided 
with an inlet check valve. 

Also clamped between the end plates is a cylindrical 
inner pump member 94 and spacers 96, similar to spacers 
51, which aid in keeping the inner pump member centered 
in the outer pump member so as to provide a pump cham 
ber 9%. In the speci?c embodiment, the pump-member 
94 is in the form of a solid cylinder of stainless steel. 
The inlet 92 and outlet 90 are shown in FIG. 5 as lo 

cated centrally of the pump-chamber; but either or both 
may be at the annular edge of the chamber 98. 

In the speci?c embodiment described, the tube 80 of 
the outer pump member had a length of 2 inches, an out 
side diameter of 2 inches and a wall thickness of .125 
inch. The inner pump member had an outer diameter of 
1.50 inches. It was radially spaced .25 inch from the 
outer pumping member and axially spaced about 1/32 inch 
at both ends. 
What is claimed is: 
1. A pump comprising a pair of concentric bodies each 

of said bodies having a pumping surface, said bodies 
being spaced to provide a pump chamber therebetween, 
a ?rst of said bodies having piezoelectric characteristics 
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causing an expansion and contnaction in all directions nor 
mal to said pumping surface, ?uid inlet means to and ?uid 
outlet means from said chamber, and one-way valve 
means controlling said inlet means and outlet means, said 
?rst body having separated electricity-conducting surface 
portions adapted to having a pumping voltage applied 
thereto, and means electrically connected to said conduct 
ing portions for applying a varying voltage across said 
conducting portions for alternately and repeatedly in 
creasing and decreasing the volume of said chamber. 

2. A pump as de?ned in claim 1 wherein the last said 
means comprises a pulsed D.C. voltage source. 

3. A pump as de?ned in claim 1 wherein last said 
means comprises an AC. voltage source. 

4. A pump as de?ned in claim 1 wherein said ?rst body 
is a material comprising mostly barium titanate. 

5. A relatively silent pump comprising a pair of con 
centric bodies, said bodies being spaced to provide a pump 
chamber therebetween a pair of end elements engaging 
said bodies closing said pump chamber, each of said bodies 
having radial mode piezoelectric characteristics, a ?uid 
inlet means to and a ?uid outlet means from said chamber, 
‘and one-Way valve means controlling said inlet means and 
said outlet means, each of said bodies having an electrode 
means on its inner and outer surfaces, and means elec 
trically connected to said electrode means for applying a 
varying voltage to said bodies for alternately and repeat 
edly increasing and decreasing the volume of said cham 
her. 

6. A pump as de?ned in claim 5 wherein said bodies 
are geometrically similar. 

7. A pump as de?ned in claim 5 wherein the last said 
means comprises parallel connections to the electrode 
means on the inner surface of the outer of said bodies and 
to the electrode means on the outer surface of the inner 
of said bodies. 7 

8. A pump comprising a plurality of concentric spaced 
bodies, a ?rst and second of said bodies being of electri~ 
cally-polarized radial mode piezoelectric material, a third 
of said bodies being of a different material, said third 
bodies enclosing said ?rst and said second bodies, said 
spaced bodies having a thin pump chamber bounded by a 
‘surface of each of said ?rst and second bodies, a pair of 
end elements engaging said bodies closing said pump 
chamber, one-way ?uid inlet means to and ?uid outlet 
means from said pump chamber, and means to apply a 
varying voltage to said ?rst and second bodies to cause 
said chamber alternately to expand and contract. 

9. A pump as de?ned in claim 8 wherein said third 
body is rigid and non-piezoelectric. 

10. A pump comprising, a ?uid-tight casing having a 
closed chamber formed therewithin, an electrically po 
larized piezoelectric means within said closed chamber 
forming a thin ?uid pumping chamber, means for applying 
and’varying an electric charge to opposite faces of elec 
trically polarized piezoelectric means to cause a dimen 
sion of the latter to expand and contract radially for 
varying the volume of said pumping chamber, inlet valve 
means connected to said pumping chamber for only ad 
mitting ?uid into said pumping chamber and outlet valve 
means connected to said pumping chamber for only al 
lowing ?uid to escape from said pumping chamber, where 
by upon variation of the charge on the opposite faces of 
‘said electrically polarized piezoelectric means ?uid will 
be alternately introduced into and ejected from said pump 
ing chamber. 

11. A pump as set forth in claim 10 wherein said ?uid 
tight casing is non-piezoelectric and is in the form of a 
concentric sphere mounted within said casing and spaced 
from the inner wall thereof. 

12. A pump as set forth in claim 10 wherein said cas 
ing is piezoelectric, and said casing and said piezoelec 
tric means are spheres. 

13. A pump comprising a pair of concentric bodies, a 
?rst of said bodies being non-piezoelectric and rigid and 
the second being an electrically-polarized radial mode 
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8 
piezoelectric body in spaced relation to said ?rst body to 
form a pump chamber, said piezoelectric body having op 
posite faces that are oppositely polarized, electrodes on 
said faces, a ?uid inlet to and a ?uid outlet from said 
pump chamber, said ?uid inlet having means therein to 
allow ?ow of ?uid only into said pump chamber, and said 
outlet having means therein to allow only outward ?ow 
from said pump chamber, and means connected to the 
electrodes for applying a varying electrical charge to 
said faces to cause said piezoelectric body to radially 
expand and contract to vary the volume of said pump 
chamber, whereby ?uid is alternately drawn into said 
space and ejected therefrom. 

14. A pump as set forth in claim 13 wherein said bodies 
are concentric spheres. 

15. A pump as set forth in claim 13 wherein said bodies 
are cylinders. 

16. A pump comprising a ?rst hollow piezoelectric 
member, said ?rst member having a ?uid inlet and a ?uid 
outlet formed therein, valves in said inlet and said outlet 
permitting ?uid to flow respectively only into the interior 
of the ?rst piezoelectric member and only outwardly of 
said ?rst piezoelectric member, a second piezoelectric 
member mounted within said ?rst piezoelectric member 
and having the exterior surface thereof in spaced relation 
with the interior of said ?rst piezoelectric member to 
form a ?uid holding chamber, the outer surface of said 
second piezoelectric member and the inner surface of 
said ?rst piezoelectric member being electrically con 
nected together in parallel, and the inner surface of said 
second piezoelectric members and the outer surface of said 
?rst piezoelectric member being electrically connected to 
gether in parallel; and means for applying a varying elec 
trical charge to the respective pairs of connected together 
surfaces of said ?rst and second piezoelectric members so 
as to cause radial expansion of one piezoelectric member 
.and radial contraction of the other to vary the capacity 
of the ?uid holding chamber therebetween. 

17. A pump as set forth in claim 16, wherein each of 
said piezoelectric members is in the form of a hollow 
sphere. 

18. A pump comprising a ?uid-tight casing having an 
interior surface de?ning a chamber therewithin, hollow 
electro-strictive means within said chamber for varying 
the volume of said chamber, said electro-strictive means 
having opposite faces, means for applying and varying 
a charge applied to said opposite faces of said electro 
strictive means to cause the latter to expand and contract 
for varying the volume of said chamber, inlet valve means 
connected to said chamber for only admitting ?uid into 
said chamber and outlet valve means connected to said 
chamber for only allowing ?uid to escape from said cham 
ber, whereby upon variation of the charge on the opposite 
faces of said electro-strictive member ?uid will be alter 
nately introduced into and ejected from said chamber, 
said ?uid tight casing is in the form of a hollow sphere and 
said electro-strictive means is in the form of a concentric 
sphere mounted within said enclosure and spaced from 
the inner wall of said enclosure. 

19. A pump as set forth in claim 18, wherein said elec 
tro-strictive sphere is formed of barium titanate. 

20. A pump comprising, a plurality of spaced nested 
members comprising a ?rst hollow electro-strictive mem 
ber, said ?rst electro-strictive member having a ?uid inlet 
and a ?uid outlet formed therein, valves in said inlet and 
said outlet permitting ?uid to ?ow respectively only into 
the interior of the ?rst electro-strictive member and only 
outwardly of said ?rst electro-strictive member, a second 
electro-strictive member mounted within said ?rst electro 
strictive member and having the exterior surface thereof 
in spaced relation with the interior surface of said ?rst 

. electro-strictive member to form a ?uid holding chamber, 
said surfaces comprising electrode means, the exterior 
surface of said second electro-strictive member and the 
inner surface of said ?rst electro-strictive member being 
electrically connected together in parallel, and the interior 
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surface of said second electro-strictive member and the 
outer surface of said ?rst electro-strictive member being 
electrically connected together in parallel, said ?rst and 
second electrostrictive members being so fabricated as to 
provide the inner surface of each of said electrostrictive 
members with polarization opposite to that of said outer 
surfaces; and means for applying a varying electrical 
charge to the electrodes if the respective pairs of con 
nected together surfaces of said ?rst and second electro 
strictive members so as to cause expansion of one electro 
strictive member and contraction of the other to vary the 
capacity of the ?uid holding chamber therebetween, 
whereby ?uid is adapted to be pumped into said chamber 
through said ?uid inlet and out of said chamber through 
said ?uid outlet. 

21. A pump as set forth in claim 20, wherein each of 
said electro-strictive members is in the form of a hollow 
sphere. 

10 
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22. A pump as set forth in claim 20, wherein at least 

one of said spheres is formed of barium titanate. 
23. A pump as set forth in claim 20 but further char 

acterized by another of said nested members comprising 
a non-electro-strictive steel member. 

24. A pump as de?ned in claim 23 having resilient 
spacers holding said members spaced. 
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