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The present application is a division of applica 
tion Serial No. 453,909, filed August 6, 1942. 
The present invention relates to a submarine 

signaling device and more particularly to a sys 
tem, which might be used either for sending or 
receiving. 
The present invention is particularly useful for 

sending and receiving in a given plane normal to 
the axis of the unit itself, for the unit in the pres 
ent form may be used in an elongated form in a 
direction at right angles to the direction of 
radiation. 
The present invention may be applied to mag 

neto-striction devices or to devices energized by 
Other means, as, for instance, piezoelectric crys 
tals. In the form of the apparatus when ener 
gized by piezoelectric means, a central core of 
Crystals is provided which, when energized by al 
ternating current, produces radial vibrations in 
an elongated shell which may be transmitted to 
the water or the other sound propagating me 
dium. 
Without further description of the merits and 

advantages of the present invention which will be 
more completely understood and appreciated 
from the description in the specification below, 
the invention will now be described in connection 
With the drawings showing the embodiment of 
the invention in which Fig. 1 shows a sectional 
elevation of a form of apparatus using piezoelec 
tric Crystals; Fig. 2 is a section on line 2-2 of 
Fig. 1; and Figs. 3 and 4 show detail arrange 
ments of the crystal and the electrodes of the 
device of Fig. 1. 

In the invention there is provided a cylindrical 
shell f which should preferably have a thickness 
less than the order of a one-quarter wave length 
of the Wave which is to be propagated radially 
through the shell. As a matter of fact, shells 
thinner than this may in most cases preferably 
be used. At each end of the cylinder there is 
provided circumferential grooves 2 and 3 so as to 
permit the vibrational section between the two 
grooves free radial vibration without any clamp 
ing effect due to the end of the casing. As in 
dicated in Fig. 1, one end of the casing may be 
closed by a plug member 4 welded to the cylinder 
around its edge as indicated at 5. 

Piezoelectric crystals 3 and 4, arranged alter 
nately at right angles to each other as shown in 
Fig. 3, are arranged in a stack in the cylindrical 
shell . The end surfaces 5, 6, 7 and 8 of 
the crystals are accurately cut to fit the cylin 
drical contour of the shell. The crystals f3. and 
f4 are elongated and laid crosswise along diame 
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ters of the circular section of the cylinder at 
right angles to each other. The edges f and 
6 of the crystal -3 bear against the inner Wall 

of the cylinder and are cemented to it with Some 
suitable cement and similarly the edgeS. f. and 
8 of the crystal 4. The crystals are provided 
with electrodes 9 and 20 on their elongated faces, 
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the electrode 20 on the underside of the crystal 
making electrical contact with the electrode on 
the crystal arranged crosswise to it. These 
crystals may be held in place by rubber or in 
sulating plugs 2 at the bottom and 22 at the 
top of the unit. 

In the crystal structure, electrical potentials 
produced across the electrodes will produce longi 
tudinal vibrations in the crystal acting upon the 
cylindrical Walls and therefore produce radial vi 
bration of the cylindrical elements. The struc 
ture may be tuned and resonance may be estab 
lished by choosing the material thickness and di 
mension of the cylinder in connection with the 
use of the piezoelectric crystal elements. Various 
types of crystals may be employed but it is pref 
erable to use in this connection a piezoelectric 
crystal of great activity such as Rochelle salt. 
Having now described my invention, I claim: 
i. Means for the interchange of . electrical and 

acoustical energy comprising a hollow cylindrical 
element the outer surface of which serves to radi 
ate and receive compressional wave energy, a 
plurality of crystals arranged alternately cross- . 
wise to each other forming crosses with the ends 
of the crystals bearing against the walls of the 
cylinder in positions Substantially 90 degrees 
from each other, said crystals being piezoelectric 
elements with electrodes positioned on the sur 
faces of the crystals in planes normal to the axis 
of the cylinder. 

2. Means for the interchange of electrical and 
acoustical energy comprising a hollow cylindrical 
element, a stack of piezoelectric crystals having 
their electrical Surfaces substantially at right an 
gles to the axis of the crystals and having their 
compressional ends bearing against the inner 
walls of the cylinder, said crystals being divided 
into groups in interleaved relation with the crys 
tals of one group extending at an angle to those 
of another group. 

3. Means for the interchange Of electrical and 
acoustical energy comprising a hollow cylindrical 
element, a stack of piezoelectric crystals having 
their electrical Surfaces Substantially at right an 
gles to the axis of the Crystals and having their 
compressional ends bearing against the inner 
walls of the cylinder, said compressional ends 
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being cemented to the inner walls of said cylin 
der, said crystals being divided into groups in in 
terleaved relation with the crystals Of One group 
extending at an angle to those of another group. 

4. A compressional wave translating device 
comprising two groups of similar elongated piezo 
electric crystals mounted in spaced Superposed 
relation with corresponding dimensions of Said 
crystals in parallel planes, the Crystals of Said 
groups being arranged alternately with the crys 
tals of one group extending at an angle to the 
crystals of the other group. 
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4. 
5. A compressional wave translating device 

comprising a plurality of elongated, piezoelectric 
crystals mounted in Superposed parallel relation, 
said plurality of crystals being divided into 
groups in interleaved relation with the crystals 
of One group extending at an angle to those of 
another group. 
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