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UNITED STATES PATENT OFFICE 
249,608 

a CRCA, OSCATOR, 
Edwin 3. Tetraer, Jr., West Roxbury, Mass, as- . 

signor, by aesae assignments, to Submarine 
Signal Cornpany, Boston, Mass, a corporation 
of Delaware 
Application Ray 29, 1935, Serial No. 24,078 

(C. 17-386) 12 Claims. 

The present invention relates to means for 
producing compressional vibrations and particu 
larly compressional vibrations of a range of fre 
quencies above those audible to the human ear, 
although the same principles employed in the 
present invention may be extended below the 
superaudible range into the audible frequencies. 
The present invention is applicable to the gen 

eration and reception of compressional waves in 
water or in some other medium in a directive 
bean, or the apparatus may be used to produce 
compressional and vibrational energy for such 
operations as the de-aeration of liquids, in mak 
ing emulsions and the like where compressional 
waves, particularly of higher frequencies and con 
siderable power, have proved to be desirable and 
useful. 
The present invention is particularly adapted 

for producing comparatively high power vibra 
tional energy at the higher frequencies and also is 
chiefly adapted to transmit compressional wave 
energy into a liquid or viscous medium as, for in 

O 

s 
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stance, water, oils or other liquids or substances, 
either liquids or semi-solids where large forces 
and small amplitudes are essential to the produc 
tion of such energy. 
The apparatus of the present invention is de 

signed to produce a uniform compressional wave 
amplitude over a large surface in contact with 
the medium, the dimensions of the surface being 
large Compared to the wavelength of sound in the 
medium at the frequency chosen. Under such 
conditions the surface must vibrate with uniform 
amplitude and in the present invention this is ac 
complished by producing a true so-called piston 
diaphragm action in which all points of the dia 
phragm move with equal amplitude and in phase. 
The piston diaphragms used in the prior art 

may be confined to two groups, one in which the 
diameter of the diaphragm was comparable to a 
fractional part of the wavelength of the energy 
produced, and the other in which the diaphragm 
was used to produce a beam of Sound. In the 
first case, no beam of sound was produced since 
the diaphragm was not many times the wave 
length and, therefore, certain problems which the 
applicant finds arises in the use of the diaphragm 
large in comparison with the wavelength did not 
present objectionable or difficult features for the 
use of a piston diaphragm that was comparable 
with the Wavelength. In the case of a piston dia 
phragm producing a beam of compressional wave 
energy where the force is applied at a great many 
points on the diaphragm consideration will show 
that if each point of force is looked upon as a 

25 

30 

35 

40 

45 

55 

2 
point source, the compressional waves propagated 
or radiated therefrom will travel Over the dia 
phragm in all directions. 
Therefore, in the piston diaphragms of the 

prior art there is present along with the motion 
normal to the surface of the diaphragm a wave 
motion along the surface and this wave motion 
along the surface may in Some cases have a con 
siderable magnitude and distort the effect of a 
true piston diaphragm as well as reduce the total 
available energy that is transferred to the propa 
gating or absorbing medium. In these cases, the 
force is applied at the rear of the diaphragm and 
therefore not only moves the diaphragm back and 
forth, but tends to compress it in accordance with 
the difference in pressure set up between the back 
of the diaphragm and the resistance at the front, 
which forces are always different since motion is 
to result therefrom. 

In the present invention a longitudinal motion 
of the diaphragm due to this effect is practically 
eliminated and the radiating surface has substan 
tially a uniform amplitude directed entirely nor 
mal to the surface of the radiating element. 
The above-described feature in the present in 

vention is accomplished in connection with means 
whereby the greatest allowable amplitude of mo 
tion is presented to the propagating medium. The 
applicant has found that mechanical motion can 
be generated more efficiently with elements mov 
ing in larger amplitudes than that efficiently use 
ful for transfer of the energy to the compressional 
Wave propagating medium. The applicant has 
also found that such energy transfer is most ef 
ficiently accomplished by obtaining the greatest 
possible conversion of motion consistent with the 
internal losses in the metals employed and in 
versely by use of the greatest possible mass ratio 
between the elements which generate the me 
chanical force and which apply it to the sound 
propagating medium. 

In the present invention the applicant has emi 
ployed a set of parallel concentric rings in which 
the electrical current is induced towards free ends 
thereof and which are so designed that at the 
frequency at which the mechanism is to Operate 
and in the present invention it should be stated 
that the mechanism is to be operated only at 
one frequency-a, resonance occurs in the con 
centric rings near to its point of contact with the 
rear of the radiating surface. Under these cir 
cumstances the rear of the radiating surface 
presents practically a point of node, and since 
the thickness of the plate is less than one-eighth 
wave length and the rings are spaced the same 
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distance apart, any wave propagation that might 
occur transverse of the diaphragm will have sub 
stantially the same vector phase at the radiating 
side of the diaphragm as that due to movement 
of the diaphragm as a whole, and, therefore, pro 
duce a uniform motion normal to the surface of 
the plate or diaphragm. However, in addition to 
the facts above set forth, it should be noted that 
the portion of the plate directly associated with 
each ring is such as to furnish practically a dead 
mass at the end of the ring itself and therefore 
the plate acts more as a dead mass set in motion 
synchronously in the same phase in all of its por 
tions, each portion associated with the particular 
ring that drives it. There will, therefore, be fur 
nished to the plate by the major movement of the 
rings a direct amplitude that is inversely propor 
tional to the mass ratio, one mass of this ratio 
being the effective mass of the ring itself and the 
other the mass of that portion of the plate asso 
ciated with the ring. 

It will further be noted in the present invention 

O 
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that the concentric rings are themselves substan- . 
tially uniform throughout and free at one end 
while the plate itself comprises a solid mass into 
which the rings are placed and rigidly held. By 
employing a construction of the type described it 
is possible to apply the electrical forces at points 
where the mechanical elements will produce the 
greatest velocities and motional amplitudes and 
to step down these velocities and motional ampli 
tudes to smaller amplitudes and larger available 
forces. In apparatus as in the present type, which 
is designed particularly for higher frequencies, 
difficulties arise in obtaining sufficient space and 
Sufficiently large elements for the application and 
transformation of the mechanical forces. 

In the present invention, as in my earlier ap 
plication Serial No. 677,179, filed June 23, 1933, 
the present system allows, even at high frequen 
cies, elements of substantial size. As in my prior 
application the System as a whole is at least a 
one-half wavelength system formed with the plate 
and the concentric rings. Since the amplitude 
node is established in the rings near the plate, 
the ring itself is longer than a corresponding 
quarter wavelength free element and this allows 
a reasonable length of ring and reasonable op 
portunities for the application of the dynamic 
generating system. This is a decided advantage 
Over Systems where the diaphragm itself forms a 
load on the driving vibrating element and reduces 
the effective available length of the driving ele 
ment in Order that a proper tuning may be estab 
lished. In most of such constructions the free 
end of the rod is loaded and the attempt is made 
to obtain a maximum amplitude at the plate end. 
In the design of the present invention this ratio 

is the same for all ring portions so that the ampli 
tude of motion of the plate is exactly the same 
over its entire surface. The rings are vibrated 
electrodynamically by induced currents from a 
primary exciting coil. The rings themselves, 
while carrying electric current, are not insulated 
from each other and therefore the most eficient 
driving System possible is presented to the radiat 
ing plate which also is metallic. In avoiding the 
use of all insulating material the necessary at 
tenuation of compressional wave energy is avoid 
ed and in this acoustic system, therefore, the 
transfer of energy is efficiently effected. The 
necessity of electric insulation is avoided because 
of the fact that the potentials in the rings are 
Such that they Will not interfere One With the 
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might be chosen it can be shown that no differ 
ence of potential exists and that, therefore, there 
is no current flow through the plate. 
Current is induced in the end of the ring or 

cylinder which may be made of copper, but in 
the present case has preferably been made of 
aluminum, by a primary winding adjacent there 
to, both the winding and the end of the cylinders 
being situated in a magnetic field that is initially 
polarized by direct current. The arrangement of 
the circuit is such, that the direct current and 
alternating current fluxes are substantially sep 
arated, and that the alternating current flux con 
fines its induced current in the tubes in its lower 
portion that is in the magnetic field. 

Besides the features enumerated above, there 
are many other features in the design and con 
struction of the present invention which give it a 
marked superiority and utility over devices of the 
prior art. 
These improvements and advantages will be 

more fully understood from the description of the 
embodiment described below when considered in 
connection with the drawings in which Fig. 1 
shows a view of the invention with a fragmentary 
Section taken on the center line of the apparatus; 
Fig. 2 shows an enlarged detail of the parts sec 
tioned in Fig. 1 indicating the method of support 
of various elements in the interior of the device; 
Fig. 3 shows a fragmentary sectional view taken 
on the line 3-3 of Fig. 1; Fig. 4 indicates a large 
detail taken on the line 4-4 of Fig. 3; Fig. 5 
shows a view partly in Section of the plate ele 
ment and rings shown in Fig. 1; Fig. 6 shows a 
fragmentary modification of the view shown in 
Fig. 1; Fig. 7 shows a rear fragmentary view of 
the modification shown in Fig. 6; Fig. 8 shows an 
end sectional view of the view shown in Fig. 7; 
Fig. 9 shows a detail of the method of connecting 
alternating current coils with the lead-in wires; 
Fig. 10 shows a section taken on the line 0-0 
of Fig. 9; and Fig. 11 shows a further modifica 
tion of the method and position of the ring in the vibrating plate. 

In the structure shown in Fig. 1 there is pro 
vided a base element which at the upper end is 
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flanged outward and provided with bolt holes 2 
whereby tha unit as a whole may be properly 
Supported and suspended from a shaft or tube. 
The base may also be provided with an interior 
opening 3 through which the cables 4 and 5 may 
be led to the operating mechanism within. A 
proper watertight stuffling box may be provided, 
and, as shown in the figure, this comprises a yield 
ing disc element 6 held On both the inner and 
Outer sides by metallic plates 7 and 8, the plate 
resting on a shoulder in the base and the plate 
8 being forced inward by means of the clamp 
ing member 9 which threads into the base itself. 
The base f is tapered into a neck portion fo to 
which is formed as an integral part a ring f 
in which the entire compressional-wave produc-. 
ing mechanism is mounted. It should also be 
noted that while primarily the present invention 
is designed to produce compressional waves, it 
may also be used as a receiver for compressional 
waves and, therefore, it may be usefully employed 
as a single rotatable element for determining the 
direction of a distinct reflecting source by peri 
Odically transmitting beams of compressional 
Wave and picking up the reflected beam. The 
position of the mechanism, when the reflected 
beam is received, indicates the direction of the 
Source, the beam being sent in a direction per other and, in fact, between any two points that 75 pendicular to the radiating surface. For this 



5 
purpose the base may be mounted upon a ro 
tatable shaft and the whole mechanism made 
spherical in shape by proper covers as indicated 
in Fig. 1 and as will be further described later. 
The ring is provided on the right-hand side, 

as indicated in Fig. 1, with a heavy radiating 
plate 2 which is held fast to the ring in the 
flange 3 of substantially the same thickness as 
the plate 2 but attached to it through the nar 
row ring portion 4 which may be made by cutting 
a slot 5 at the edge of the plate 2. In this fash 
ion the plate 2 and the ring 3 as well as the 
narrow ring 4 may be made of one piece of ima 
terial. The narrow ring f4 is preferably as thin 
as possible, consistent with the materials to be 
used to withstand the proper water or liquid 

... pressure that the plate may be subjected to and 
also to withstand the stresses from the bending 
due to the movement of the plate as a whole. 
The clamping flange or ring 3 is held to the 

frame by means of the clamping bolts is 
which are suitably spaced around the periphery 
of the clamping. ring. A suitable tongue T may 
be provided upon the flange 3 and a groove f8 
on the ring in which groove a proper stuffing 
material may be used to make a watertight joint. 
On the left side of the ring there is mounted a 
heavy back plate 9 which forms the support for 
the concentric circular coils 20, 2, 22, 23, 24 
and 25 which are used to produce the direct cur 
rent magnetization as will be presently explained. 
For this purpose the back plate 9 is provided 
with circular grooves into which the windings, 
just mentioned above, are placed. The whole 
plate may be held to the ring f by means of 
the bolts 26 passing through the flange and into 
the ring. 
The connection may also be made watertight 

by a similar tongue groove and packing mate 
ria as described in Connection with the flange 
3 of the plate. 2. Between each groove in 
which the direct current windings are placed 
is a small groove or recessed portion 27 which is 
cut to fit the tongue at the base df the cylindri 
cal elements 28 which rest upon the extended 
sides of the groove at the sides of the direct cur 
rent coils. These cylinders or rings 28 are slot 
ted partway down from the top, as indicated by 
the dotted slots 29 in Fig. 3, the slotted portion 
as indicated in Fig. 4 being filled with a Bakelite 
piece 30 or a piece of other similar insulating 
material of the same shape as the end of the 
cylinder 28. In this way the circulatory or eddy 
currents that might be induced in the cylinders 
through action of stray fields are kept down or 
reduced. The cylinders 28 fit tightly over the 
walls in the plate 9. They are further held in 
place, however, by means of the bolts 3, shown 
in Fig. 2, which set in the ends of the upper 
rings 33 and pass through the whole length of 
the cylinders 28 into the walls of the lower 
plate 9. 
The cylinders 28 are formed with shoulders 35 

and 36 on both inner and Outer sides of the 
cylindrical surface, forming thereby end-pro 
jecting rings or cylinders 37 centrally located 
with respect to the cylinders 28. Resting upon 
the central elements 37 of the cylinders 28 are 
the cylinders 33 which are formed with a groove 
shaped to fit over the ends of the cylinders 37. 
The top rings or cylinders 33 are held to the 
lower cylinders 28 by means of the bolts 39 spaced 
about the rings. 
The bolts 39 thread into the top cylindrical 

249008 

to hold the two cylinders together, but also serve 
as a clanping means for the laminated pole ele 
ments about to be described. The cylinders 33 
are extended upwards almost to the position of 

is the end radiating plate 2 so as to limit the mo 
tion of this plate in event of some extraordi 
nary external pressure as might be due to ex 
plosions or the like when the device is sub 
merged in water on a naval vessel. The shoul 

10 ders 36 and 7 are tapered, as more clearly in 
dicated in Fig. 2, and similarly the projecting 
flanges 40 and 4 at the lower ends of the cyl 
inder 33 are also tapered so that the inner di 
mension of the section formed between the two 
cylinders when clamped in position is wider than 
the Outer dimension at the edge surface of the 
cylinders which are preferably shaped to be 
aligned in a continuous surface but for the lam 
inations placed in between. The laminations 12 20 are of a trapezoidal shape with tapered side edges 
43 and 4 and parallei front and back edges, the 
back edges resting against the surface of the 
cylindrical portion 37. The laminations on the 
external side of the cylinder carry a recessed slot 
in which is wound the coil 45. The aminations 
on the inside of the cylinder have a plane face. 
Both sets of laminations, as indicated in Fig. 3, 
extend all the way around a ring except for the 
portions, as indicated in Fig. 10, where the elec 
trical connections are made to the coils as, for in 
stance, the coil 5. 
As indicated in Fig. 2, the laminations are set 

in the metallic envelope formed by the two cyl 
inders 38 and 28 all the way around the cylinders 
except for the slots 29 in which are placed the 
Bakelite piece 30. These slots in the cylinder 28 
run down from the top to a point just above the 
polarizing poles where the copper rings 46 are 
placed and in the piece 33 from the lower end up 
to a point beyond the position of the laminations. 
These slots are filled with interlocking Bakelite 
pieces carrying out a shape similar to that of the 
top of the cylinder 28 and the bottom of the cyl 
inder 33. The coils 45, as has been stated, are 
wound on the external side of the cylinders, and 
terminate as indicated in Figures 9 and 10 in the 
connections there shown. These terminations 
are shown more clearly in Figures 6 and 7 and, 
as are indicated, are positioned just off the line of 
center of the apparatus. The coils 45 are single 
layer and the end connection of the coil se is 
connected to a copper plate member 5 which, in 
turn, is held Or. wedged into a similar copper rod 
52. The copper plate 5 is insulated on both sides 
by Bakelite or other similar insulating elements 
63 and 54. These Bakelite elements may be 
shaped similar to the laminations themselves but 
somewhat thicker. The copper plate 5 sets in 
the center of the rod 52 and is held fast therein. 
The rod 52, as indicated, is surrounded by an 
insulating bushing 55 which is passed upward 
through a hole 56 cut through the heavy plate 
element 9. The bushing 55 is preferably thread 
ed into the plate 9 and is provided at the lower . 

65 end with a terminal connection 57 which threads 
fnto the end of the rod 52. 
As indicated in Fig. 9, the terminal 57 may set 

into a recessed portion at the end of the insu 
lating fitting and a terminal connection of the 

70 type desired may be used. The insulating bush 
ing and the terminals are indicated quite clearly 
in Fig. 6 and the ends are also indicated in Fig. 8. 
In the present design one terminal of the winding 
is brought out through one set of bushings, as 

portion 3 of the cylinders 88 and serve not only illustrated by 55 in Fig. 8, and the other terminals 
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through another set of bushings, as illustrated by 
59 in the same figure. These terminals 57 and 
60 are brought out in separate terminal com 
partments 6 and 62 in a common terminal box 
covered with the casing 63. 

in the arrangement shown in Fig. the alumi 
num or copper rings 64 extend down from the 
plate 2 to the air gap formed between the lami 
nations 42 and the opposing laminations 65. The 
upper end of the aluminum or Copper rings may 
be held into the plate 2 by being forced therein 
or, as shown in Fig. 6, the Copper ring may have 
a straight surface on the external side and a 
tapered surface 6 on the internal side fitting into 
a corresponding taper in the plate 68. The open 
part of the groove in the plate 68 between the 
straight side of the ring and the wall 69 of the 
groove 70 may be filled with some appropriate 
metal f, such as type metal, or the like, to hold 
the rings firmly in place. 
The rings are placed in the plate at a uniforn 

spacing and preferably at such a spacing that the 
thickness of the plate is equal to the Space be 
tween the rings. The plate itself must be one 
quarter of a wavelength in thickness Or less on 
the basis of the speed of sound in the material of 
which the plate is made, and preferably the thick 
ness of the plate should be one-eighth of a wave 
length or less. Under these conditions there is 
very little wave notion or Wave propagation in 
the plate itself and the plate substantially moves 
as a unit mass. The plate should not be much 
less in thickness than one-eighth of a wavelength 
as it is highly desirable to obtain as great a mass 
ratio as possible between the mass of the plate 
and that of the aluminum rings. 
aluminum rings free at their ends and making 
them thin and using a plate in which with each 
ring there is associated a mass having dimen 
isions substantially one-eighth of a wave length 

By having the 
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8 
first ring whose diameter is somewhat larger than 
the distance between successive rings. In order 
to provide approximately the same mass for each 
Jring, as indicated in Fig. 6, a center portion 7 
is removed from the plate, making the mass asso 
ciated with the first ring 79 equal to the mass 
asSociated with each successive ring. 
In Figs. 7 and 8 the rear face view and section 

of the apparatus is shown. It will be noted that 
in these modifications the rear plate 80 is provided 
With a plurality of fins 8, 8, etc., the function 
of which is to allow radiation of the heat that 
may be ... generated within the plate due to the 
current passing through the coils and the vibra 
tion of the apparatus. At the central portion of 
the back there is provided the casing 63 which is 
held to the rear plate by means of the bolts 82, 
82, etc. The whole apparatus is preferably en 
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thick, a large mass ratio can be built up. This 
mass ratio may be increased by the means indi 
cated in Fig. 11 in Which the aluminum ring 72 
is not supported at the end of the plate 73 cor 
responding to the plate 2 but is supported at a 
point along the center line of the mass or prefer 
ably, as indicated, just towards the outer half of 
the mass so that the node of the ring 72 and the 
mass 3 comes just at the center line of the mass 
3. In this case it will be noted that the mass or 
plate T3 is supported in a center flange 76 or 
preferably located along the line of nodes of the 
aluminum or copper ring 2. 

In order to place the aluminum ring in the 
position indicated in Fig. 11 the plate or mass 73 
must be recessed with a circular recess 74 ex 
tending all the way around the plate. In the 
illustration shown in Fig. 11 a mass ratio of 70 
may be obtained, that is the force at the point of 
application of the copper or aluminum ring to 
the plate is 70 times that generated at the end of 
the aluminum or copper ring. The amplitude is, 
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of course, correspondingly reduced. As indicated 
in Figs. 5 and 11, each aluminum or copper ring 
64 or 2 is slotted with slots 75, 75, all the way 
around the ring commencing at a point slightly 
above the place where the magnetic flux crosses 
the ring and extending somewhat above it, as in 

: dicated in Fig. 2. These slots run vertically ar 
ranged in the rings. These slots confine the 
current induced from the primary winding at the 
ends of the rings and within the magnetic field 
flowing across from the laminations 42 to 65. 
As shown in Fig. 1 the rings have a uniform 

spacing between each other commencing with the 

65 

tirely enclosed by means of spherical cap plates 84 
and 85 indicated in Figs. 1 and 6. The cap plate 
8 may be heavier than the plate 85. These cap 
plates are held by means of peripheral rings 86 
forming a part of the cap plates through which 
the bolts 87 are passed, fastening in to the flange 
88 of the back plate 9. Free circulation of water 
is permitted between the spherical back plate 84. 
and back plate 9 by suitable holes 90 in spherical 
back plate 84. On the other hand, the space be 
tween the diaphragm 2 and front plate 85 is 
Sealed and filled with suitable liquid under preS 
Sre 

Having now described my invention, I claim: 
1. Means for projecting a beam of supersonic 

compressional Waves comprising a plate of homo 
geneous material having a substantial thickness 
and Surface dimensions of many times the su 
perSonic wave length to be propagated in the 
medium, a plurality of concentric rings mounted 
on One side of said plate at right angles thereto, 
and means for vibrating the rings simultaneously 
in the same phase said plate and rings forming 
a superSonic Wave-transferring means having a 
node in the rings near the plate. 

2. Means for projecting a beam of supersonic 
compressional Waves cc-prising a plate of homo 
geneous material having a substantial thickness 
and Surface dimensions of many times the su 
personic wave length to be propagated in the 
medium, means for mounting said plate with the 
edge thereof Substantially free and a plurality of 
Concentric rings mounted on one side of said 
plate at right angles thereto for vibrating the 
entire plate simultaneously in the same phase 
Said plate and rings forming a supersonic wave 
transferring means having a node in the rings 
near the plate. 

3. Means for producing a supersonic beam of 
compressional waves comprising a plate of homo 
geneous material having a substantial thickness 
and surface dimensions of many times the su 
perSonic Wave length to be propagated in the 
medium, means for mounting said plate to allow 
Substantially a free movement normal to the 
Surface thereof, a plurality of concentric rings 
mounted on One side of said plate with their 
axes normal to the surface of the plate and 
electrodynamic means applied at the end of the 
rings away from the plate for vibrating the rings 
substantially in the same phase said plate and 

70 

5 

rings forming a supersonic wave-transferring 
means having a node in the rings near the plate. 

4. Means for producing a beam of compres 
sional waves at high frequencies comprising a 
plate of homogeneous material having substantial 
thickness and surface dimensions of many times 
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the supersonic wave length to be propagated in 
the mediura, negas grounting said plate with 
the edges hereof substantially free, a plurality 
of concentric rings mounted on one side of the 
plate at right angles thereto, said rings being, 
spaced an equal distance apart one from the other 
and said piate and rings forming a superSonic 
wave-transferring means having a node in the 
rings rear the plate. 

5. Fieans for producing a bean of compres 
sional waves at high frequencies comprising a 
piate of homogeneous material having substantial 
thickness, and surface dimensions of many times 
the spersonic Wave ength to be propagated in 
the aedian, means mounting said plate with the 
edges thereof stabstagially free, a plurality of 
cGracetic rings notated on One side of the plate 
a right, angles thereto, said rings being spaced an 
equis distance apart one from the other, the 
thickness of said plate being substantially equal 
to the spacing between successive conceitric rings. 

8. Meals for producing a bean of compres 
sional Waves at high frequencies comprising a 
plate of hornogeneous material having substantial 
thickness and surface dimensions of many times 
the SuperSonic Wave length to be propagated in 
the medium, means mounting said plate with the 
edges thereof substantially free, a plurality of 
concentric rings mounted on one side of the plate 
a right angles thereto, said rings being spaced 
an equal distance apart one from the other, said 
rings being spaced apart at a distance not more 
than one-quarter of the wave length of the wave 
in the materia of the plate at the frequency it 
is desired to produce in the propagating medium. 
- . Means for producing a beam of high fre 
quency compressional Waves comprising a plate of 
OXiaogeneous material having a substantial thick 

ress and surface dimensions of many times the 
st personic Wave ength to be propagated in the 
raedius, neans notating said plate to have a 
substantially free edge, a plurality of concentric 
rings Yaounted KnoxEnally to said plate on one side 
thereof &nd spaced an equal distance apart one 
froEra the other, the outer ring being spaced away 
fro the free edge one-half of the distance be 
tween the rings and said plate and rings forming 
a spersonic Wave-transferring means having a 
node in the rings near the plate. 

8. Eleans for producing a beam of high fre 
quency compressional waves comprising a heavy 
radiating plate of substantial and uniform thick 
ness, means mounting said plate with the edge 
thereof substantially free, a plurality of concen 
tric rings mounted on one side of said plate at 
right angles thereto, said rings having slots spaced 
substantially around their whole circumference 
and extending to the lower part thereof, means 
providing a magnetic field between the position 
of said slots and the lower end of said rings and 
means positioned within said snagnetic field for 
vibrating said rings. 

9. In a means for producing a beam of com 
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pressional Waves of high frequency, a magnetic 
field, means providing concentric cylindrical ele 
Inents forming a part of said magnetic field, said 
concentric cylindrical elements comprising two 
parts, a lower part and an upper part, and means 
for holding Said two parts together, said cylin 
drical parts being provided with engaging re 
cessed portions, a laminated core positioned in 
said recessed portions, said core being clamped by 
the means holding said cylindrical parts together. 

10. Wieans for producing a beam of compres 
Sional waves of high frequency comprising a plate 
of substantial thickness, said plate having cylin 
drical recessed slots extending substantially half 
way into said plates, a plurality of concentric 
rings mounted at the inner ends of said siots and 
means Supporting said plate at the edges in a 
plane substantially coinciding with the ends of 
said slots. 

11. In a reans for projecting a beam of sui 
perSonic compressional waves, a plate having a 
large radiating surface, said plate being provided 
With concentric slots having a cross section wedge 
shape, a ring positioned in said slot and having 
one surface thereof confortning to one side wall 
of the slot and an expansive metal molded into 
the other side of the slot to retain the ring firmly 
in thesiot. 

12. Ifeans for projecting a bean of supersonic 
coa pressional Waves comprising a piate having a 
substantial thickness, a plurality of concentric 
rings mounted on said plate, said rings having a 
Substantially unifornly distributed mass and be. 
ing free at the end not amounted in the plate and 
said rings and plate forming one-half Wavelength 
System with the amplitude node near the plate 
and means for vibrating the rings comprising 
electrodynamic means positioned to apply the neo 
chanical vibrations at the free end of the rings. 
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