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UNITED STATES PATENT OFFICE 
2,406,767 

DRECTWE TRANSCEVER FOR SOUND 

Harvey C. Hayes, Washington, D. C. 
Application October 22, 1932, Serial No. 639,129 

(C. 177-386) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 75?) 

10 Claims. 

This invention relates to means for producing 
directive beams of high frequency sound and 
has for one of its objects to provide a driving 
mechanism whereby all parts of the face of the 
transmitter shall be forced to vibrate in phase. 
A further object is to increase the efficiency of 

the apparatus by preventing the radiation of 
Sound energy from the back face of the oscilla 
tory System. 
With the above and other objects in view, the 

invention consists in the construction, combina 
tion and arrangement of parts as will be de 
Scribed more fully hereinafter. 

In the drawings: 
Fig. 1 shows diagrammatically the conditions 

existing in a member vibrating like a transmitter 
element that may be employed in my invention; 

Figs. 2 and 3 show two devices vibrated by 
magneto-strictive forces; 

Fig. 4 shows piezo-electric means for driving 
a vibrating element; 

Fig. 5 shows a vibrating System having two 
resonant frequencies in which the masses are 
Separated from the elastic elements; 

Fig. 6 shows a vibrating System having two 
resonant frequencies with the masses and the 
elastic forces incorporated in the same body; 

Fig. 7 is a detail view of a portion of the driv 
ing mechanism of my invention; 

Fig. 8 is an axial Sectional view of an assem 
bled transmitter constructed to prevent radiation 
of Sound energy from the back face of the vibra 
tor; 

Fig. 9 is a like view of an improved form of 
device such as that shown in Fig. 8: 

Fig. 10 is an axial sectional view of the form 
of my invention that is at present preferred, on 
line O-O of Fig. 11; 

Fig. 11 is an elevational view of the transmit 
ting face of the device shown in Fig. 10. 
Numerous difficulties are encountered in an at 

tempt to generate efficiently an intense, high 
pitched submarine sound beam. Theoretically 
this can be done by employing a radiating area, 
of Small dimensions placed at the focus of a 
parabolic reflector or of a condensing lens, but 
practically this is impossible for the reason that 
there is a definite limit to the amount of sound 
energy that can be radiated from a unit area 
due to the fact that cavitation occurs at the 
radiating Surface when the amplitude of Oscil 
lation exceeds a definite value. This limiting 
amplitude is determined somewhat by the tem 
perature and air content of the water, depth of 
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the most favorable operating conditions the max 
imum radiation from a Square centimeter of area. 
falls Well within two Watts. As a result it is 
impossible to generate enough sound energy over 
the largest area that can be employed at the 
focal point of a practical sized mirror or lens 
to give a powerful Sound beam. 

Since, in order to generate sufficient energy for 
an intense sound beam a radiating surface of 
Considerable area is required, a solution must 
be found for the difficult problem of so actuating 
Such an area that all parts thereof vibrate in 
phase. UnleSS all portions do oscillate in phase, 
the radiation from one part of the transmitter 
may completely annul that from another part. 
The intensity of the sound beam at any point is 
the Vector Sum of the radiation from all incre 
ments of radiating surface and such addition 
Will not result in maximum efficiency unless the 
radiation from all portions of the area is accu 
rately in phase. 
An Ordinary diaphragm driven at one or several 

points cannot serve for such a sound generating 
area for the reason that if it is made thick enough 
to resonate at Such high frequencies it ceases 
to act as a diaphragm and becomes a medium for 
transmitting the Sound generated at the several 
driving points as separate sources, and if it is 
made thin enough to function as a diaphragm, 
i. e., with a thickness less than a quarter wave 
length of the Sound generated in the material of 
the diaphragm at the driving points, it will break 
up into nodes and loops over the surface and the 
condition for uniformity of phase cannot exist. 

Further, all the radiated energy must be so 
directed as to form a beam. Theoretically and 
practically this can be accomplished if a plane 
radiating area of dimensions large with respect 
to a wave length of the sound generated in the 
transmitting medium can be provided. Direc 
tivity is then provided through the action of 
well known laws of interference of wave energy. 
Enough sound energy can be transmitted to give 
an intense Sound beam from an area. Smaller than 
that required to give good directivity, so the dif 
ficulty of confining the sound to a beam is sim 
ply another aspect of the problem of oscillating 
a large Surface with all its parts in phase. 

Professor Langevin has overcome these diffi 
culties in an ingenious way by directly generating 
a standing Wave system in a sandwich-like ar 
rangement consisting of two like metal disks 
cemented together with an intercalated layer of 
quartz crystals. So cut that the X axis is perpen 

submergence of the transmitter, etc. But under 55 dicular to the plane surfaces of the metal disks 
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and arranged in mosaic form. An alternating 
voltage applied across the crystals causes them 
to expand and contract along the X axis and 
when the frequency of the applied A. C. voltage 
is properly adjusted, the sandwich Oscillates as 
a standing wave system, the fundametal of 
which is that frequency which gives a single node 
in the plane bisecting the quartz crystals, and a 
loop in each of the outside circular metal faces. 
It is obvious that the system can also be res 
onated at the harmonics of this frequency. In 
this way it has proved possible to oscillate, in 
phase, plane areas of dimensions adequate to 
give good directivity. However, due to its inef 
ficiency, this scheme does not generate a. sound 
beam of sufficient intensity to make it of prac 
tical value. 

0 

15 

Myinvention centers about three studies: First, 
a study of the variation in the modes and ampli 
tudes of vibration of rectangular, hexagonal and 
cylindrical prisms as the ratio between length 
and transverse dimensional area is varied; Sec 
ond, a study of various ways and means of Set 

20 

ting up in these prisms, standing Wave systeins 
along the direction of their length; and third, a 
study of means for causing a multiplicity of Such 
prisms to oscillate in phase. 

It was found that the end areas of such prisms, 
When energized at their fundamental frequency 
(a loop at each end surface and a node at the 
mid plane), will all oscillate substantially in 
phase if the ratio of length to diameter is as great 
as two, but that this condition begins noticeably 
to fail for ratios as low as one. The shape of 
the cross section appears to make little difference. 
It can be shown theoretically that the experi 
mental results obtained should be expected. An 
important fact disclosed by this Work and one 
which has much, to do With the Success Of my 
invention, is that the amplitude of Oscillation of 
the ends of the prisms under a given stimulus 
increases noticeably as the ratio of length to di 
ameter is increased from values less than 1 to 
values as great as 2. It will, therefore, be Seen 
that when the prisms are so dimensioned as to 
meet the requirement that the end areas shall 
oscillate in phase at the fundamental resonant 
frequency, the conditions are also favorable for 
a large amplitude of oscillation. These two con 
ditions make for high acoustical efficiency both 
for generation and reception of sound energy. 

Fig.1 may serve to explain why the two desid 
erata (unifornity of phase over end areas and 
increased amplitude) are approached as the ra 
tio of length to sectional diameter is increased. 
This figure shows a plane longitudinal Section 
of a prism containing the axis a-d with the two 
equal end diameters b-b, C-C and the two equal 
side elements b-c, b-c. ASSume push-pull 
forces applied over one end surface of the prism 
and directed parallel to the axis a-0, and that 
the frequency of these forces can be varied uni 
formly. As the frequency is slowly changed 
from, say lower to higher values, the character 
of oscillation of the top end, as indicated by Sand 
patterns, will at some definite frequency show 
marked activity at the center but not much at 
the edges and at a slightly different frequency a 
vigorous oscillation at the edges but diminished 
movement at the center. The maximum dis 
placement at any portion (ds) of the surface will 
-occur when the sub-prism having end areas of 
(ds) and (ds') oscillates as a half wave length. 
with a node ato, as shown in Fig. 1. The ve 
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locity of sound along any of these Sub-prisms is 
given by the expression: 

where E is the elasticity and p is the density of 
the medium. The effective value of E. Which 
measures the restoring forces brought into play 
as the prisms oscillate is less for portions near 
the Sides because of lack of supporting inertia in 
a radial direction. As a result of such lack of 
inertia, Support, the cross section of the whole 
prism does not remain uniform When it OScillates, 
but varies somewhat in accordance with the ex 
aggerated contour lines b-e-c and b-f-c or 
b-g-c and b-h-c, assuming the convex form 
b-e-c and b-h-c when the cylinder is at its 
shortest length and the nodal plane through O 
is at the maximurn pressure, and the concave 
form b-f-c and b-g-c when the cylinder is 
at its maximum length and the nodal plane is at 
a minimum pressure. 
The lengthwise restoring forces brought into 

play are less near the boundaries e and h than 
they would be if the sectional area, were infinite, 
because in the latter case there could be no radial 
notion of the medium and for the same reason 
the lengthwise restoring forces for sections near 
the boundaries e and h are less than for regions 
farther in toward the axis d-a; as a result the 
natural period of the sections near the boundaries 
is less than for sections near the axis because the 
velocity of sound by virtue of the relation 

E. 

is less for sections near the boundary than for 
Sections near the axis. It is obvious, however, 
that the difference in resonant frequency between 
boundary and axial sections becomes less as the 
ratio of length to sectional diameter is increased. 
Tests have demonstrated that this difference ba 
comes sufficiently small to permit the entire end 
areas to pull into phase when this ratio becomes 

45 greater than about two-to-one. Under these con 
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ditions the lateral pressure release at the boun 
dary becomes effective even at the axis a-a of 
the prism. It is for this reason that the end sur 
faces can then Oscillate in phase. It is also ob. 
vious that when the diameter of the prism is suf 
ficiently Small with respect to the length to per 
mit the radial pressure release to become effective 
to the center, that the prism can oscillate to 
greater amplitudes than is the case for a prism 
of infinite cross section where there can be no side 
displacement of the material of the prism or, in 
fact, in case of a prism having ratio of length to 
diameter sufficiently small to approach this con 
dition. - 

Two types of devices have been found for set 
ting the prisms into resonant oscillations, one 
of which introduces periodic forces suitable for 
setting up the desired mode of oscillation without 
attaching any inert mass to the prism, while the 
other class employs a second tuned mechanical 
oscillator that can be driven electrically and 
which in turn is coupled to one end of the prism. 
Fig. 2 represents the first class and Figs. 3 and 4 
the second class. 
In Fig. 2 the electromagnet 2 is disposed with 

its poles. 3 adjacent one end of prism 4. A po 
larizing direct current is Supplied to the magnet 
coils by battery 5 through choke coil f6. A 
source of alternating current is connected to 
he magnet circuit through condensers 8 in ac 
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cordance with common practice. This type of 
drive requires that the material of the prism be 
magnetic and the vibrations of the prism are due 
to magneto-strictive forces. 
The prism 9 in Fig. 3 is mechanically con 

nected to a magnetic member 20 around which is 
a magnetizing coil 2f energized by battery 22 
through choke coil 23. Alternating current from 
source 24 is supplied to the magnet circuit 
through condensers 25. In this form the mag 
neto-strictive forces set up in element 20 cause 
the prism 9 to vibrate. 

Fig. 4 shows a prism 26 to which is mechanical 
ly Connected a base 27 whereon are mounted the 
piezo-electric crystal elements 28 and 29 with 
faces of like polarity disposed against electrode 
34 that is grounded to base 2. Spring clip 30 
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contacts the two piezo-electric elements and the - 
electric circuit is completed by means of wires 3 
and 32 that connect a source 33 of alternating 
current to the clip 30 and the base 2. The 
crystals are so cut that they expand and contract 
longitudinally with the variations in voltage ap 
plied thereto, the movement thereof acting to 
vibrate the prism. 26. This type of driving ele 
ment is preferable to those shown in Figs. 2 and 
3 in that there are no energy losses due to hys 
teresis or eddy currents. 

It will be seen that the auxiliary oscillators of 
FigS. 3 and 4 each have a definite mechanical 
resonant frequency to which they will respond 
vigorously when the frequency of the A. C. supply 
is adjusted thereto. Moreover, the prism also has 
a definite resonant frequency to which it will re 
spond when energized at that frequency. As 
shown in FigS, 3 and 4, tWO tuned members each 
having a definite frequency peculiar to itself may 
be combined into a unit that Will oscillate vigor 
ously at two different frequencies Whose relations 
to the uncoupled frequencies when expressed in 
terms of the respective wave lengths in the trans 
mitting medium are as follows: 

(a) fl-Wahi- ?ci-fi) fari 
() fli-V(i+p-vci-fi)+4rii 
where fi and f2 refer respectively to the individual 
resonant frequency of each member When un 
coupled and f' and f' to the two resulting fre 
quencies when they are coupled. The coefficient 
of coupling t, which must have some value be 
tween zero and unity is dependent on the relative 
masses and the distribution of the mass in the 
two separate oscillators and cannot be definitely 
evaluated mathematically except for certain ideal 
combinations. However, experimental determi 
nations have shown that T can be varied Over a 
considerable range without running the design 
to impractical dimensions and that in this Way a 
single sound generator can be made to Operate 
eficiently at two different frequencies. This 
proves to be a valuable feature under Some con 
ditions, but whether or not both resonant fre 
quencies are desired, numerous tests have shown 
that the coupled system indicated in Figs. 3 and 
4 is to be preferred for energizing the prism. It 
is recognized that the theory of coupled oscilla 
tors is old and has been applied by others to two 
resonant mechanical systems wherein the maSSes 
are concentrated and oscillate as a Whole, but it 
is believed to be novel to apply this theory to two 
oscillators where the frequencies involved are SO 
high that masses and restoring forces (elastic 
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6 
members) cannot be separated, but wherein res 
onance must be obtained by such a distribution 
of maSS and restoring elasticity as to give a stand 
ing wave System in the material forming the os 
cillating members. 
This point can perhaps be clarified by Figs. 5 

and 6. Fig. 5 represents schematically a sound 
generator for relatively low pitched signals where 
in the numeral 34 designates a somewhat massive 
ring within which a relatively thin diaphragm 35 
is mounted and carries at its center a mass 36. 
Mass 37 is coupled to mass 36 by a relatively 
light elastic member 38. The combined mass of 
ring 34 and mass 36 with their elastic coupling 35 
has a definite resonant frequency and masses 36 
and 37 alone with their elastic coupling 38 also 
form a System having a definite natural fre 
quency. When the two Systems are coupled as 
shown, the combination has two resonant fre 
quencies as described. The point to note is that 
the maSSes and the restoring members are sepa 
rated. Fig. 6, which simulates the oscillating 
System of my invention, is made up of two oscil 
lators 38 and 39 each of which resonates at its 
particular resonant frequency as shown by the 
half Wave forms 40 and 4 when the two are 
not coupled. Here the elastic deformation takes 
place in the maSS itself and the masses cannot 
be 'Separated from the restoring or elastic mem 
bers. The natural frequency of each member in 
Fig. 6 is determined by the velocity of sound in the 
material, while for Fig. 5 the velocity of sound 
does not determine the resonant frequency of the 
tWO Separate systems when uncoupled. When a 
System like that of Fig. 6 is used, the length of 
of the prism 38 should be at least equal to 2% 
times its cross sectional diameter. 
To energize a large transmitting surface it is 

neceSSary to operate a multiplicity of such prisms 
arranged Side by side with their respective ends 
substantially in the same plane and the spacing 
between prisms not greater than a quarter wave 
length of the Sound waves generated in the me 
dium to produce a directive sound beam. It was 
found possible to obtain good results when the 
prisms were placed in close mosaic and surround 
ed by a Viscous oil such as castor oil. In this 
case the shearing forces introduced along the side 
Surfaces due to slippage. When adjacent prisms 
Were Out of phase gave sufficient mechanical cou 
pling to help pull them into phase. A preferable 
construction is shown in Fig. 7 which is a cross 
section of two adjacent prisms 42 on a plane 
through their axes. Each prism has a narrow 
flange 43 formed at each end which flanges may 
be joined together by welding or brazing to form 
a mechanical unit of all the prisms and yet leave 
spaces 44 between the bodies of the prisms to al 
low for the deformation thereof during vibration, 
Instead of a large number of prism units joined 
together, the Vibrating body may be a single cast 
ing cored to leave spaces such as 34 therein to 
permit lateral expansion and contraction of the 
columns between the Spaces in their nodal re 
gions. This mechanical coupling of the prisms 
to each other causes the several sections to pull 
into phase with each other even when the natural 
periods of the sections are considerably different. 
The end surface of such a mosaic can be given 

any desired area, can be oscillated in phase and 
can be driven to exceptionally large amplitudes 
because the intervening air Spaces permit each 
Section freely to expand and contract its sectional 
area throughout the nodal region. While I pre 
fer that the several prismatic sections shall have. 
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the same croSS Sectional form and area, their 
cross sections may Vary considerably among 
themselves in form so long as the Sectional area, 
remains substantially the same for all. While 
the mosaic operates well when the Sections are 
coupled at but one end, I prefer that they be 
coupled at both ends as this gives added assur 
ance that the several sections will pull into phase, 
and for the further reason that it greatly stiffeins 
the assembly so that it Will not readily damage 
under rough handling. Though almost any ho 
mogeneous, highly elastic material may serve for 
the prism elements, I prefer a metal having small 
temperature coefficient of elasticity and low in 
ternal losses attendant upon mechanical OScilla 
tion with relatively large amplitude. In War, 
phosphor bronze and aluminuin have ploved to 
be the best of the several metals tested. 
Maximum efficiency is Secured when the Sound 

energy is radiated only from the surface designed 
for that purpose, i. e., from the surface opposite 
to the coupling point. However, the Surface to 
Which the driving elements are attached. OScil 
lates strongly and forms a potential radiating 
area, about equal to that of the transmitter face 
and this surface Will propagate SOUndenergy into 
any medium with which it nakes contact. En 
ergy, so radiated from the back faces reduces the 
intensity of the sound beam by approximately the 
amount of such energy and therefore the effec 
tively transmitted Sound is equal to only about 
one-half of the input energy. It is therefore de 
Sirable to reduce as much as poSSible the Sound 
emitted from the back faces. This may be done 
by exposing the back surfaces to a light medium, 
preferably a gas, in Which, because of its low 
elasticity and density, comparatively little sound 
energy will be developed by the relatively small 
amplitude through Which the prisins oscillate. 
This is not new, but it is believed that my method 
of applying it is new. 
That the distinction betWeen my invention and 

prior devices of like nature may be made more 
clear, there is shown in Fig. 8 one way in which 
this idea has been employed by Langevin. The 
SOund a generating part consistS Of Circular Steel 
disks 45 and 46 both cemented to an intercalated 
mosaic. 47 of quartz crystals. A Water-tight en 
closure for the mosaic is provided by gasket 88 
compressed against flange-49 on disk A5 by means 
of a ring 5 screwed onto casing 5 within which 
the naosaic is disposed. Alternating current from 
Source 52 is conducted to disk 46 by wire 53, while 
disk 45 is grounded to casing 5i which is con 
nected to source 52 by wire 54. When an alter 
nating voltage of the proper frequency is applied 
to disks 45 and 46, the crystals of mosaic 47 ex 
pand and Contract and throW the assembly of 
disks and Crystals into half Wave resonant. Oscil 
lation. With a loop in the free face of each disk 
and a node in the median plane of the mosaic 
as indicated by lines 55. Space 56 between the 
free face of disk 46 and casing 5 is filled with 
gaS and hence this face radiates Very little Sound 
energy. This design is objectionable in that the 
pressure of the water, which may be great, when 
the instrument is used on a Submarine, acts upon 
One side Only of the Vibrating disk and crystal 
a SSembly thereby producing in that assembly 
strains which tend to loosen the cement between 
the several parts thereof and also tend to pre 
went the whole area of the radiating face from 
oscillating in phase. Further, while the air back 
ing as shown in Fig. 8 prevents the radiation of 
any considerable quantity of sound energy from 

8 
the back surface, unless the volume - and rela 
tive dimensions of air space. 56 are correct, the 
reflection of Sound at the metal Surfaces bound 

-ing that space will result in reverberations that 
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build up to a point where the reaction of the 
nodes and loops of the air waves on the back plate 
will prevent the oscillating assembly from vibrat 
ing in phase due to the fact that the air Waves 
are not uniform either as to amplitude or phase. 
That is, unless the backing-up air chamber is 
properly dirnensioned, its reaction. On the back 
Surface of the OScillating Systein Will tend to de 
stroy the uniformity of phase throughout this 
System which, as already shown, must be main 
tained if the device is to generate a powerful 
directive sound beam. 

In Fig. 9 is ShoWin a Very effective construction 
for preventing radiation loss from the back Sur 
face without being open to the objections pointed 
out in connection with the device shown in Fig. 8. 
This device has the same arrangement of plates, 
Crystals and casing as in Fig. 8, the like parts 
being given corresponding numerals. However, 
instead of having the space back of disk 46 filled 
With air, there is placed against the free face of 
that disk a piece 57 of porous felt sealed between 
two thin sheets 58 of metal, rubber or any other 
light and flexible material. Instead of felt en 
closed in sheets of other material, I may use a 
thin sheet of preSSed cork such as is used for 
gasketS, or a thin disk of Sponge rubber sealed 
air-tight around the edge. Since the amplitude 
of oscillation of the surface of disk 46 is only a 
fraction of one-thousandth of an inch, a thin 
backing serves as well as a thick one. The re 
mainder of the space within the casing 5 is 
filled with a liquid that is a good electrical in 
Sulator Such as Oil, castor oil being preferred if 
rubber is used in the backing, as this oil does not 
react With most grades of rubber. An expansion 
chamber is maintained inside casing 51 by a 
flexible bag-like member 59, preferably round in 
outline, hung therein and having communication 
with the exterior of the casing. This expansion 
chamber permits the pressure of the medium out 
Side of casing 5 to be applied to the free face 
of disk 66 and hence no strains are set up in the 
mechanism by that pressure against the Outer 
face of disk A Since the pressures on the oppo 
Site faces of the Vibrating mechanism will be 
equal and oppositely directed. - 

In the form of my invention disclosed in Fig. 
10, no attempt is made to prevent radiation from 
the rear. Surface, but rather such radiation is 
facilitated by completely filling the housing with 
oil or other liquid having good electrical insulat 
ing qualities and then returning this energy to 
tie Oscillating System by reflecting it back in 
proper phase relation to augment the oscillations 
of the prisms. In this modification is a cylindri 
cal metal member 60 having a neck 6 surround 
ing the aperture through which the lead cable 62 
passes into the mechanism, the water-tight in 
tegrity of the device being maintained by a suit 
able packing S3 compressed by a gland nut 64 
Screwed into neck. 6. The metal member 60 is 
enclosed in a One-piece molded member 65 of 
rubber compound or the like and which has a 
Cylindrical portion 66 lying within the member 
i? almost the full length of that member. A 
metal disk 6 is disposed within the member 60 
against the free edge of cylindrical portion 66; 
the edge of disk 6 is rabbeted to form a seat for 
a gasket 68 which is compressed by a rib 69 on 
metal closure member 70 that is secured to disk 
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67. The compression of gasket 68 causes it to 
expand against the wall of member 60 and there 
by forms a water-tight joint. The oscillating 
prisms 42, secured together as before described, 
are carried by rods having one end of each 
fixed in disk 67 and the other end attached to 
the assembly of prisms £2. The prisms are made 
to oscillate by the piezo-electric crystals 28 and 
29 as described in connection with Fig. 4. All 
Space around the operating mechanism within 
the housing is filled With oil. The inner face of 
disk 67 is placed at such distance from the back 
faces of the prisms 42 that sound energy is re 
flected from the disk 6 and returned to reach 
the back faces of the prisms in phase with the 
oscillation of the back faces whereby those oscil 
lations are reinforced by the reflected energy. 
The face 2 of the member 65 Serves to transmit 
the high frequency sound vibrations to the Sur 
rounding medium in a directional beam. Since 
the oil is interposed between member 65 and the 
prisms 32, the inward deflection of member 85 
due to the pressure of the water on that member 
will transmit the pressure through the oil to all 
Surfaces of the vibrating assembly and hence 
there will be no tendency to distort the prism 
assembly, nor to interfere with the vibrating of 
all parts of the Surface in phase. The oil is prac 
tically incompressible and will efficiently trans 
mit the vibratory energy from the outer face of 
the prism assembly to member 65 by which it will 
be in parted to the surrounding medium. Air 
space 3 between members 6 and will prevent 
the propagation of Sound energy from the back 
of the device to the vibratory mechanism, which 
Would interfere with its functioning as a directive 
receiver. 

In One construction that has been found to be 
very efficient the thickness of the plate 6 is made 
equal to one-fourth Wave length, in the material 
of the plate, of sound of the frequency to which 
the Vibratory mechanism resonates and the dis 
tance between the inner face of disk 6 and the 
back faces of prisms 2 is an odd number of 
quarter wave lengths in the liquid. Under these 
conditions a standing wave system is set up with 
a node in the inner face of disk 61 and a loop 
at the back face of the prism assembly. When 
the distance between those faces is three-fourths 
Wave-length, the wave will stand as indicated by 
lines 74, Fig. 10. If the inner face of disk 67 be 
covered by an inelastic member such as 57, 58 
in Fig. 9, it will reflect back the Waves equally 
well but instead of a node at that surface, a loop 
will be formed there and the spacing between 
that face and the back faces of prisms 42 will 
have to be an even number of quarter wave 
lengths. The solid reflector is preferred to the 
last mentioned construction in that less move 
ment of the member 65 is required to equalize 
pressure changes than if a compressible member 
is So placed in the casing as to be subjected to the 
preSSure Variations. 

It is to be noted that this apparatus serves 
equally well as a receiver or transmitter of sound, 
to which type of device I have heretofore applied 
the name of transceiver. When sound waves 
impinge upon member 65, their vibrational en 
ergy is transmitted through the liquid in the 
casing to prisms 42 and thence to the piezo-elec 
tric driving units where the mechanical energy 
is converted into a fluctuating electric potential 
that may be amplified and utilized by any one of 
many devices for that purpose well known to 
the art. 
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It will be understood that the above descrip 

tion and accompanying drawings comprehend 
Only the general and preferred embodiment of 
my invention, and that various changes in con 
Struction, proportion and arrangement of parts 
may be made within the scope of the appended 
claims without Sacrificing any of the advantages 
of this invention. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America, for governmental 
purposes without the payment of any royalties 
thereon or therefor. 

I claim: 
l. A high frequency sound device, comprising 

a rubber compound casing member having a disk 
portion and two spaced concentric cylindrical 
portions extending laterally therefrom, the disk 
portion being adapted to radiate or receive sound 
energy and the inner of said cylindrical portions 
being Shorter than the Outer One, a cylindrical 
metal member disposed between said cylindrical 
portions and extending to the edge of the Outer 
cylindrical portion, a metal disk seated on the 
edge of the inner of said cylindrical portions, 
Said disk having a rabbet in its edge On its Outer 
face, a flexible rubber ring seated in said rabbet, 
a Second metal disk seated against the edges of 
Said Outer cylindrical portion and said metal 
Innenber and having an annular rib Seated on said 
rubber ring to compress said ring, said second 
disk being connected to the first mentioned disk 
and spaced therefrom, supporting members ex 
tending from the first mentioned disk, means to 
impart vibration to said disc portion carried by 
Said Supporting members, and an electrically in Su 
lating fluid filling all otherwise unoccupied Space 
in said casing member. 

2. In a high frequency sound device, a Substan 
tially cup-shaped casing member, an elastic disk 
seated in the open end thereof in fluid-tight re 
lation thereto, a mosaic of piezo-electric slabs 
disposed on the back face of Said disk, a Second 
disk contacting said mosaic, a thin vibration 
absorptive member disposed on the free face of 
said second disk, a Substantially disk-shaped hol 
low member with flexible Walls suspended in Said 
casing and having its interior in Communication 
With the outside of said casing and electrically 
insulating fluid filling the otherwise unoccupied 
Space in said casing. 

3. In a device of the class described, a fluid 
tight casing having a face portion adapted to 
transmit sound energy and a back portion, a body 
in said casing having a front face and a back face 
each of which is adapted to vibrate as a whole 
and having regularly arranged paSSages that 
divide the interior of said body up into Columns 
of substantially uniform cross sectional area, and 
shape, a base mechanically connected to Said 
back face substantially on the longitudinal axis 
of each of said columns, an electro-mechanical 
vibratory unit mounted on each of Said bases, 
means to reflect to said body vibratory energy 
emitted by said back face in Such manner that 
such reflected energy shall be in phase with said 
back face, and means to apply an electric poten 
tial to said vibratory units. 

4. In a device of the class described, a fluid 
70 tight casing having a face portion adapted to 

transmit sound energy and a backportion, a body 
in said casing having a front face and a back 
face each of which is adapted to vibrate as a 
whole and having regularly arranged passages 

75 that divide the interior of said body into columns 
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of substantially uniform cross sectional area and 
shape, means to apply vibratory energy to each 
of said columns substantially along the longitudi 
inal axis of each of said columns, and means to 
reflect to said body vibratory energy emitted 
from said back face in such manner that Such 
reflected energy shall be in phase With said back 
face. 

5. In a device of the class described, a fluid 
tight casing having a face portion adapted to 
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transmit mechanical vibratory energy and a back 
portion, a body in said casing having a front face 
and a back face each of which is adapted to 
Vibrate as a whole and having regularly arranged 
passages that divide the interior of said body up 
into columns of Substantially uniform cross sec 
tional area, and Shape, means to impart vibratory 
energy to said body substantially along the lon 
gitudinal axis of each of said prisms, an elastic 
member in Said casing adjacent said back por 
tion but Spaced therefrom, the thickness of said 
member being Substantially one-fourth Wave 
length of the vibration to which said body re 
Sponds aid the inner face of said member being 
Spaced an odd number of fourths of said Wave 
length from the back face of said body, and a 
fluid filling all otherwise unoccupied space in 
said casing forwardly of the said member. 

6. In a device of the class described, a fluid 
tight casing having a face portion adapted to 
transmit mechanical Vibratory energy and a back 
portion, a body in Said casing having a front face 
and a back face each of which is adapted to 
Vibrate as a whole and having regularly arranged 
passages that divide the interior of said body 
into columns of Substantially uniform cross sec 
tional area, and shape, means to impart vibratory 
energy to Said body Substantially along the lon 
gitudinal axis of each of said prisms, an elastic 
member in Said casing adjacent said back por 
tion but Spaced therefrom, the thickness of said 
member and the distance of the inner face there 
of from the said back face being such that vibra 
tional energy emitted from the latter is reflected 
from the former to said back face in phase with 
Said back face, and means in said casing to 
equalize the pressures on said back face and said 
front face. 

7. In a device of the class described, a fluid 
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tight casing having a face portion adapted to 
transmit mechanical vibratory energy and a back 
portion, a body in said casing having a front face 
and a back face each of which is adapted to 
vibrate as a whole and having regularly arranged 
passages that divide the interior of Said body 
into columns of substantially uniform cross sec 
tional area, and shape, means to impart vibratory 
energy to said body substantially along the lon 
gitudinal axis of each of Said prisms, and an elas 
tic member in said casing adjacent Said backpor 
tion but, Spaced therefrom, the thickness of Said 
member and the distance of the inner face there 
of from said back face being such that vibra 
tional energy emitted from said back face is re 
flected to said back face in phase with said back 
face. 

8. In a device of the class described, a fluid 
tight casing having a face portion adapted to 
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transmit Vibrational energy, a body therein hav 
ing a front face and a back face, means to cause 
every part of said front face and said back face 
to vibrate in phase. With all other parts of such 
face, and means whereby energy emitted by said 
backface is reflected to said backface in phase 
With Said back face. 

9. In a device of the class described, a casing 
comprising a disk portion and two spaced con 
centric cylindrical portions extending laterally 
therefron, the inner of said portions being short 
er tian the outer one, a backing member within 
Said outer cylindrical portion seated against the 
edge of Said inner cylindrical portion, a cylindri 
cal metal member disposed between said cylindri 
cal portions extending to the edge of said outer 
Cylindrical portion, means forming a water-tight 
closure for Said casing, and means in said casing 
to impart Vibratory energy to said disk portion. 

10. In a device of the class described, a cup 
shaped casing, a disk Seated in the mouth of said 
casing, means forming a water-tight junction 
between Said disk and said casing, a piezo-electric 
mosaic on the inner face of said disk, a second 
disk contacting said mosaic, a vibration damping 
body on the inner face of said second disk, and 
means to equalize the pressure on the free face 
of Said damping body with that on the outer face 
of Said first mentioned disk. 

HARVEY C. HAYES. 


