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This invention relates to the transformation 
of one form of energy into another, especially 
where the forms of energy are electrical current 
WaVeS and SOund WaWes. 
An object of the invention is to efficiently trans 

form electrical energy into mechanical or acOuS 
tic energy, Or Vice WerSa. 
Another object of the invention is to produce 

a sensitive, efficient, simple, and durable piezo 
electric crystal for transforming energy from One 
form to another. 
A further object of the invention is to produce 

a unitary piezoelectric crystal device which after 
growth is complete, for connection into electrical 
circuits. 

It has been known for some time that crystals 
of certain substances such as Rochelle Salt, 
quartz, tourmaline and the like, produce an elec 
tromotive force if subjected to physical streSS Or 
movement, and consequently produce physical 
stresses or movement in response to the impreS 
sion of an electromotive force upon them. Such 
crystals are capable of wide use and application 
in the electrical arts and particularly in those 
arts which deal with the generation, transmis 
sion, and utilization of alternating currents or 
potentials whether of audible frequency or of 
the highest radio frequency. It has been found 
that a crystal of Rochelle salt (Sodium potassium 
tartrate, NaKC4H4O64H2O) has the largest piezo 
electric constant, approximately 10 electroStatic 
units per kg. Apparently no other Crystal has 
yet been found to approach the piezoelectric 
activity of Rochelle salt, particularly if the cryS 
tal is carefully chosen and specially prepared. 
Rochelle salt is susceptible to greatly increased 
piezoelectric activity to the extent that at an 
absolute electric charge of 200 electrostatic units 
per kg. potentials as high as 500 volts and alter 
nating currents as high as 20 micro-amperes 
have been obtained. Acoustic tones from Such a 
crystal may be heard at a distance of Several 
hundred feet. To obtain such activity, however, 
it is necessary to make the proper contact be 
tween the crystal poles and the external circuit. 

In an article published in the "Proceedings of 
the Institute of Electrical Engineers', November 
1919, I described the various methods of prepar 
ing Rochelle salt crystals having the above sen 
sitivity and pointed out that each crystal has two 
end poles, or poles of like sign, the basal plane 
being perpendicular to the principal axis and 
an equatorial or girdle pole of the opposite sign 
orthogonal thereto comprising the remaining 
faces of the crystal. I have also disclosed meth 

(C. 11-32) 

ods of, and means for attaching electrodes to 
these poles, such as by gluing or Wrapping strips 
of tinfoil about the crystal to form loops or 
bands, and by inserting mercury Within the crys 
tal and Sealing up the Opening. 
The present invention contemplates an in 

proved method of, and means for making con 
nections between the poles of the above described 
crystals and electrical elements in a circuit in 
which the crystal is placed. In brief, the desired 
crystals are produced by groWing them from Seed 
crystals placed in a solution of mother liquor Sim 
ilarly to that disclosed in my United States Pat 
ent No. 1,590,31 of June 29, 1926, while the elec 
trodes to be used With each crystal are placed in 
the mother liquor in Such a position that when 
the crystal grows by the cooling of the liquor the 
electrodes are embedded therein making inti 
mate contact with the crystal. This may be ac 
complished in Several Ways to be fully described 
hereinafter, Such as by positioning electrodes of 
Screen mesh or punched material supported with 
in the liquor, or by attaching Seed crystals upon 
Such electrodes and Suspending them in a Solution 
of the mother liquor. By thus growing a crystal 
the electrodes thereof become an integral part of 
the crystal element being interlaced therethrough 
providing an electrical generator of maximum 
efficiency, if the crystal is so used. When the 
crystal is used as the transformer of energy from 
the mechanical State to the electrical form, the 
crystal will also function at its highest efficiency 
as the perfect contact between the crystal and 
external circuit prevents the usual electrode 
loSSeS. 
The invention will be more fully understood 

both as to its fundamental principles and to its 
practical application by reference to the follow 
ing description taken in conjunction with the ac 
companying drawing, in Which: 

Figs. 1 and 2 show two methods of growing 
crystals with embedded electrodes. 

Figs. 3 and 4 show mesh structures and how 
they are embedded in the crystals by the method 
shown in Fig. 2. 

Fig. 5 shows another method of growing a crys 
tall from Seed. 

Fig. 6 is a view of an embedded electrode show 
ing the Seeds or Seedlings from which the crystals 
Were grown; and 

Fig. 7 shows a mounted crystal. 
Referring now to Fig. 1, a suitable container 

Such as a glass crystallizing dish 5 contains the 
mother liquor 6 in which are submerged two elec 
trode screens 7 and 8. Electrode Screen 8 is 
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shown Supported from the bottom of the dish 5 
by means of posts or beads 9 which may rest upon 
the botton of the electrode 7, the latter being 
shown in the form of a box similar to the Shape 
of the dish 5, but which may be solely a flat plate 
similar to the electrode 8. The electrode 7 may 
also have a cover similar to the bottom thereof 
to form a complete closure and a girdle electrode. 
A Crystal 10 is shown partially grOWn. With the 
electrode 8 embedded through the center thereof. 
The crystal eventually increases in size until the 
bottom of the electrode 7 is also embedded in its 
lower Surface in the same manner as electrode 8 
thereby forming electrodes for the crystal poles. 
When the electrode 7 has an upper Surface this 
portion Will also be interlaced through the face 
of the crystal in the same manner as electrode 8. 
After the crystal has reached a stage of growth 
where it rests upon the bottom electrode the posts 
9 may be removed and the crystal growth con 
tinued to the Sides of the electrode 7. However, 
if any particular size is desired the crystal may 
be removed from the mother liquor at the time 
this growth is reached. By adding new liquor 
to that in the container 5 the crystal embeds both 
electrodes, the crystal appearing Substantially in 
the shape of crystal 10, but larger. As described 
in the above mentioned patent, the crystal in dish 
5 is formed with its b and c axes in a horizontal 
position, the growth along these axes being domi 
nant while development along the Vertical at axis 
is Suppressed by the Surface of the liquor and the 
botton of the dish. The taper effect is produced 
by the gradation in density of the Solution of the 
motheir liquor. The proper Orientation is ob 
tained by positioning a Seed crystal, which is uSu 
ally a cropping of a Crystal, With the axes as de 
Scribed, the dimensions being a function of the 
density and head of the liquor. A Single Seed 
may be placed on top of the electrode 8 and the 
crystal grown therethrough, or two seeds, One on 
either Side of the electrode can be USed. 

Referring to Fig. 2, a crystallizing dish 12 has 
Suspended therein a grid like electrode 13 with a 
partially grown crystal 14 attached, the Crystal 
having substantially equal portions on either side 
of the electrode. This crystal of course may be 
Sed as ShoWn. With a Second other electrode being 

attached to the opposite faces, or growth may be 
continued until it entirely encloses the electrode 
13. The crystal 14 is grown from a seed or Seeds 
attached to the Screen in the same manner as 
discussed above in Fig. , the G axis now being 
horizontal, the crystal having a tendency to take 
more of a square form. ihe grid 13 is supported 
On a COSSbar 16 S.Spended from the hook 17, this 
hook being used after Wards as a conductor. 

Fig. 3 ShOWS a crystal grown in the manner just 
described but in which an electrode 20 is of 
punched material Such as aluminum, platinum, 
copper, Silver, and the like, these materials being 
chosen for their inactive properties when in con 
tact with the Sodium potassium tartrate, copper 
hoWever, being the nost active of those men 
tioned above but which is a Satisfactory material. 
The mesh electrodes of Figs. 1 and 2 are preferably 
of these materials. The crystal 21 may be used at 
the size in the drawing or may have its growth 
continued until it is entirely embedded in the 
crystal as ShoWn in Fig. 4. 
In Fig. 4 a, crystal 23 entirely surrounds a mesh 

electrode 24 connection thereWith being made 
through a conductor 25 which may have consti 
tuted its Support in the nother liquor. The girdle 
pole is contacted with by means of an electrode 27 

1,958,014 
which surrounds the crystal, and which may have 
been placed thereon after complete growth, or 
which may have been suspended in the mother 
liquor along With the electrode 24, the Crystal 
grown within the electrode. 
In Fig. 6 a side view of the crystals in FigS. 2, 

3, 4, shows two seed crystals 30 and 31 positioned 
On electrode 32 and from which the crystals Were 
grown. By the proper orientation of these Seeds, 
the grown crystal structure will exhibit compara 
tively large stresses and deformations per unit of 
applied voltage. 

Referring now to Fig. 5 another method of 
growing crystals with embedded electrodes is 
shown. The crystallizing dish 34 has therein a 
quantity of mother liquid 35 and an immersed 
electrode 36. A V shaped dish 38 has fastened to 
its underside by any suitable means a properly 
oriented seed crystal 39 which may be positioned 
above the mother liquor but in contact thereWith. 
From this seed 39 a crystal 40 will result which 
emerges through the mesh and continues its 
growth to the bottom of the dish 34. By main-, 
taining the saturation and level of the liquor COn 
stant a substantial square crystal may be obtained 
Such as shown in Fig. 4. A girdling electrode may 
be placed around the crystal 40 after growth aS 
ShOWn in Fig. 4. 
The structure in which any of the crystals 

grown by any of the above methods may be used 
is shown in Fig. 7. In this figure a crystal 49 has 
its internal pole connected to an external circuit 
(not shown) through a bolt 50 which contacts 
With the embedded electrode. This bolt passes 
through the crystal and by the aid of a thumbnut 
51 serves as a clamping support for the structure 
which includes a base plate 52 and a mechanical 
transmission lever 53. The connection to the ex 
ternal pole of the crystal is through an electrode 
54 of punched material encircling the Crystal as 
shown in Fig. 4, the crystal having been grown 
Within the electrode. In such a crystal structure 
torsion produced therein will be transmitted along 
the bar 53 to a Working element Such as a dia 
phragm which may be attached to One prong of 
the fork by a Screw through the holes. Con 
versely mechanical movements of the bar 53 will 
be transferred to the crystal to generate potential 
differences which will be produced between the 
electrodes 50 and 54. 

Although. Only a few specific embodiments of 
the invention have been disclosed above, it is to 
be understood that there are other methods of 
producing piezoelectric crystals with electrodes 
integral thereWith in accordance with the princi 
ples Set forth above Which Will occur to these 
skilled in the art. 
The Scope of the invention, however, is defined 

by the appended claims. 
What is claimed is: 

... A piezoelectric crystal having a plurality of 
embedded electrodes positioned at the electric 
poles of Said crystal and integral therewith, said 
crystal having been grown in a Solution inners 
ing Said electrodes. 

2. A piezoelectric crystal having a principal 
axis, an electrode positioned along Said axis, said 
electrode having a mesh formation the interstices 
of Which have been filled with said crystal by 
growth. 

3. A piezoelectric crystal having a principal 
axis, a mesh electrode positioned along Said axis 
the interstices of which have been filled With Said 
crystal by the growth thereof, and a second mesh 
electrode near the outer Surface of Said crystal 
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1,958,014 
the interstices of which have been filled with Said 
crystal by the growth thereof. 

4. The method of growing a piezoelectric cryS 
tal with embedded electrodes comprising placing 
One of Said electrodes near the botton of a Wessel, 
Supporting a second electrode upon Said first elec 
trode, and bringing a seed crystal in contact With 
Said Second electrode. 

5. The method of growing piezoelectiic crystals 
With electrodes integral there with comprising 
Supporting said electrodes in a Saturated Solution 
of mother liquor in the positions desired for the 
finished crystal, and beginning the growth of Said 
crystals by attaching a seed crystal to at least One 
of Said electrodes. 

6. The method of COinStructing a piezoelectric 
crystal having electrodes integral therewith com 
prising positioning perforated metallic electrodes 
in a solution of concentrated mother liquor and 
heginning the grOWith Of Said CityStal by attaching 
a. Seedling to at leaSt One of Said electrodes. 

7. A piezoelectric Crystal grOWn from a Solution 
of sodium potassium tartrate having a plurality 
of electrodes integral thereWith and positioned at 
the poles of said crystal. 

3 
8. In a piezoelectic crystal having a rectangu 

lar COnfiguration, an electrode embedded near the 
Central portion of Said crystal having interstices 
through which the crystal has grown, and a Sec 
Ond electrode positioned in the Outer portion of 
Said crystal, said electrodes being positioned at 
the electric poles of Said crystal. 

9. In a piezoelectric crystal having a principal 
axis, a mesh electrode positioned along said axis 
though Which the Crystal has grOWn and a Sec 
ond electrode having a mesh formation located in 
the outer portion of Said crystal, Said Crystal 
having been grown through said Second electrode. 

10. A piezoelectric crystal having a principal 
axis, a nesh electrode positioned along Said axis 
tie interstices of which have been filled by Said 
crystal growing therethrough, and a Second mesh 
electrode on the Outer Surface of Said crystal, the 
interstices of which have been filled by Said Crys 
tal growing therethrough, said electrodes being 
at the electrical poles of Said crystal. 
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