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The present invention relates to vibratory de 
vices for converting or translating acoustic 
energy into electric energy and vice versa. From 
a more inited aspect, the invention relates to 
diaphragms, more particularly directive-acoustic 
ra, diators and receivers adapted for use, for ex 
ample, in Underwater Sound signaling, for inter 
changing electrical and mechanical energy with 
the Water or other sound-conveying medium. 

It has long been recognized, for theoretical 
reasons which need not be entered into here, that 
the ideal coupling element for radiating a con 
Centrated beam of acoustic energy into a liquid 
or gaseous acoustic medium, or for the direc 
tionally-Selective reception of acoustical energy 
from Such a medium is a member having a plane 
or face of dimensions relatively large compared 
With the Wave length of the sound energy in the 
Inedium, and in which all points of the radiating 
face are vibrating uniformly and in phase and 
With equal amplitude, like a piston. Sound 
energy Will then be radiated into or received 
from the medium in a direction perpendicular to 
the piane area. There will be very little radia 
tion or reception in other directions. If, on the 
Other hand, the Vibrating area is Small in com 
parison With the wave length, Sound Will be 
radiated or received in all directions. The tern 
'SQuad' energy or its equivalent will be employed 
hereinafter, in the specification and the claims, 
to include the SuperSonic, as well as the audible 
Part of the Sound spectrum. The invention, in 
deed, finds particular application to supersonic 
CO2:1:n Unication. 
From a practical standpoint this ideal cou 

Epiing element is very difficult to obtain. Many 
arrangementS have been proposed, both for 
audio loud-Spaakers operating in air and for 
SuperSonic radiators operating under water, in 
Which a thin diaphragm is acted on by a driving 
force acting uniformly over Substantially the 
entire area. Particularly for underWater use it 
is difficult to make Such arrangements sufficiently 
Zigid to withstand the variations of pressure 
Which are encountered under practical op 
erting conditionS. 
To obtain greater rigidity and to enable the 

face to be driven in a simpler fashion, various 
types of thick radiators have been proposed. For 
convenience these members Will also be referred 
to as diaphragms. The present invention, in 
this sense, relates to thick acoustic diaphragms. 
la Letters Patent 407,704. Of Great Britain, a 

thick diaphragin is described in which the median 
plane parallel to and midway between the faces 
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of the diaphragn executes no appreciable no 
tion along its axis; that is, it is a node; While 
the two faces of the diaphragm. In Ove in Oppo 
site directions along the axis at all times. That 
is, the two faces execute vibrations essentially 
180° out of phase. The resonant frequency of 
the diaphragm, as modified slightly by the load 
ing of the driving elements, is made equal to 
the operating frequency. i.his node of vibra 
tion, for a particular frequency, is realized by 
making the thickness of the diaphragm, that is, 
the length along the axis of Vibration, Substan 
tially equal to one-half of the wave length of 
sound in the material comprising the diaphragm. 
The vibration of the diaphragm in this manner 
is defined in the said Letters Patent as expan 
Sional vibration. 
In the uSual case of a thick resonant plate, 

the material near the central plane tends to 
expand OutWard under compression. This 
lateral motion - disturbs the vibration in the di 
rection of the axis and, at the faces of the plate, 
it changes the amplitude of the Outside relative 
to the center, and may even cause the outside 
to vibrate in opposite phase from the center. To 
permit this transverse or lateral notion to take 
place freely without disturbing the vibration per 
pendicular to the faces, the diaphargim described 
in the said application is subdivided into Sec 
tions by means of channels. The sections are 
individually driven in unison, and are so coupled 
together, mechanically and acoustically, that they 
are constranted to vibrate in phase, With the 
result that directive operation is obtained. The 

5 said diaphragm is preferably energized by driv 
ing members which are operative through in 
ternal stresses, such as are brought about by 
magnetostriction or piezo-electricity. 
The diaphragm of the said Letters Patent may 

be regarded as a vibrating plate containing a net 
Work of internal channels such that Vibrations 
depending on latera motion are Suppressed but 
vibrations due to Wave motion normal to the Sur 
faces are unhindered. It may also be regarded as 
an array of blocks or sections, resonant in the 
direction of their thickness, coupled to One an 
other at their ends, so that they are constrained 
to vibrate in phase when the sane driving force 
is applied to each. 
The primary object of the present invention is 

to provide an improved energy converter of the 
above-described character. 
A further object is to provide an improved ex 

pansional, sharply directive, acoustic radiator 
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and receiver, particuliarly adapted for superSonic 
electro-acoustic energy conversations. 
Another object is to provide an improved un 

der-Water acoustic radiator and receiver having 
great mechanical strength and resistance to 
shock. - 

Still another object is to provide a composite 
or sectional diaphragm all the units of which are 
closely identical, so that they may more readily 
be constrained to vibrate in phase. 
Other objects will be explained hereinafter, 

and will be more particularly pointed out in the 
appended claims. ? - - - - - 

The invention will be explained in connection 
With the accompanying drawings, in which Fig. 
1 is a perspective of a preferred embodiment of 
the expansional diaphragm of the present in 
vention in circular form, one of the magneto 
strictive-driving elements and an energizing coil 
being shown in section; Fig. 4 is a plan view of 
a rectangular modification; Figs. 3, 5, and 6 
are plan, section, and detail views, respectively, 
of a modification of the circular form; and Fig. 2 
is Similar to Fig. 6 illustrating a modified detail 
of construction, 

For clearness of exposition the first general 
description of the invention will be confined to 
the preferred circular form, and the modifica, 
tions of construction which are necessary for a, 
rectangular diaphragm will be mentioned later. 
It will be obvious that most of the modifications 
to be mentioned in connection with the circular 
form are equally applicable to the other. 
The invention is illustrated in the accompany 

ing dra Wings as applied to a supersonic trans 
mitter or receiver, but it will be obvious that the 
invention is not limited thereto, and is applicable 
to other types of transmitters, as well as to re 
ceiWerS. 
may be mounted in a rotatable, submerged hous 
ing by means of rubber packing rings 30 on both 
sides of the flange 3 on a relatively immovable, 
Outer, inertia, annular or ring portion 2; and 
Steel compression and clamping rings 33 and 39, 
respectively, may be employed to keep the rubber 
packing under pressure. The device may, how 
ever, be attached directly to the side of a ship, 
Or mounted in many other Ways Well known to 
the art. 
The inner, vibratory, diaphragm portion 4, cy 

lindrical or disc-shaped, is integrally connected 
to the outer annular portion 2 by an intermedi 
ately disposed, relatively thin, annular web 6. 
A uniform, metallic connection is thus obtained 
between the outer ring 2 and the diaphragm 4. 
The parts are formed preferably of a disc-shaped 
Slab or casting, as hereinafter stated, in order 
that the machine work may be done in a single, 
metal member. The web 6 is thin enough so as 
to be relatively yielding at the high frequencies 
of operation, while being comparatively rigid for 
Slowly varying pressures, thus permitting the 
active, vibrating area or radiating face of the 
diaphragm portion 4, which radiating face is 
disposed in Sonorous relation to the sound-con 
veying medium, to vibrate freely and uniformly, 
substantially all the flexing taking place in the 
web 6. The mass of the inertia, ring 2, since it 
is thus loosely coupled to the vibrating area, and 
Since it is non-resonant, prevents transmission 
of Vibration thereto. 
The annular supporting web 6 flexes readily 

by shearing strains in such a direction that the 
vibrating face is permitted to move freely in the 
direction of its normal. The web is very much 

The device, if to be used under Water, 
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4 
less yielding to stresses perpendicular to the 
normal, or parallel to the face. The annular Web 
can yield to such stresses only by increasing in 
diameter. For this reason the web should be 
attached to the diaphragm near one of the end 
surfaces where the lateral notion is least, in 
spite of the fact that the longitudinal motion is 
often greatest in these regions. In the preferred 

- arrangement shown the Web is attached to the 
10 front face, which is in contact with the sound 

conveying medium, but could also be attached to 
the back face or, in more complex diaphragms, 
at any other plane substantially at a node of lat 

15 

20 

25 

30 

eral motion. With the diaphragms illustrated the 
planes of maximum longitudinal motion are at 
the nodes of lateral motion. In Such cases, 
therefore, this type of yielding support can be 
described also as a relatively thin web located 
at a loop of longitudinal motion. In FigS. 2, 5 
and 6, the node of longitudinal motion is indi 
cated by the dashed line 43. - 

It is highly desirable that the web S Separating 
the active and inactive portions of the diaphragm 
be circular, as shown. A sharp dividing line is 
thereby obtained, the inactive portion 2 causing 
very little disturbance of the vibration of the 
active portion 4. 
According to the illustrated invention, the i dia 

phragm is divided into cylindrical or disc-like 
blocks, preferably alike in shape and dinnensions, 
So as to have substantially the same natural 
frequency. There is showin a central block 8, 
siX outer blocks í0, circularly or Circumferen 
tially arranged about the block 3, twelve blocks 
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22 disposed circumferentially about the blocks 
0, and eighteen blocks 42 disposed circumferen 

tially about the blocks 22, naking a total of 
thirty-seven blocks. A still flirther ring of 
blocks may, if desired, be disposed circumferen 
tially about the blocks 42, so as to make sixty 
One in all; and so on. 
When cylindrical blocks are placed in a cir 

cular array, as shown, they are separated from 
One other by irregular areas. In the preferred 
form of the invention illustrated these areas are 
filled by the material of the diaphiagn except, 
for a ring-shaped channel sui'rounding each 
cylindrical block. Thus in addition to the thirty 
Seven cylindrical blocks, there are generally as 
many or more irregular blocks 34, 33, 36, and 37. 
of Smaller cross-section between thein. This ar 
rangement not, only provides better acoustical be 
haviour than if the irregular blocks were omitted 
but also makes possible the simplemsthod of con 
struction which is described later. 
The circular sections or blocks 3, 2, 22, 34, 33, 

36, 37, 62, etc., are shown in Fig. 2 integrally 
connected to one another by relatively thin webs 
2 and 3, located respectively at or near the 

axial lupper and lower extremities of the blocks. 
The blocks are thus mechanically coupled to 
gether, so that they will be constrained to vibrate 
together, each of the opposite faces and 9 of 
diaphragm 4 vibrating as a piston, with the faces 
and 9 opposed in phase. In the diaphragm of 

Fig. 1, however, the webs 2 are omitted, the 
webs 3 sufficing. 
The spaces between the webs 2 and 3 per 

mit the middle regions of the individual blocks to 
yield laterally or transversely under the compres 
sional force due to the longitudinal vibration, 
Without having any block react unfavorably upon 
any of the others and without, therefore, in 
troducing vibrations of different phase in the 
Various portions of the radiating face 7. These 
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spaces between the webs 2 and 3 should not 
be very Wide for this purpose, the desirable min 
imum transverse width of the spaces being de 
termined rather by considerations of ease of 
manufacture. 
Piaphragms of this kind may be manufac 

tured conveniently, preferably by cutting into the 
face of the beforementioned slap or casting with 
rotating, hollow, cylindrical, milling cutters (not 
shown) of thickness equal to the width of the 
cylindrical or ring-shaped channels surround 
ing the respective blocks, and continuing the mill 
ing out, in a direction perpendicular to the plane 
parallel faces and 9, to near the opposite face 
7. The channel 9 separating the vibrating area. 
4 from the non-vibrating clamp ring 2 is pref 
erably cut in the slab or casting in order to obtain 
unifornity of the web 6, but it may also be cast 
to reduce the necessary machine work. It may 
be desirable to make the ring-shaped channels 
! less deep than the outside channel í 9, as shown, 
to reduce ainy slight tendency for the dividing 
line between the active and inactive portions of 
the diaphragm to come at any place other than 
in the web 6. 
The webs 2 may be formed at the free ends 

of the channels by welding, brazing or the like. 
To aid in this work, the upper ends of the chan 
nels may be closed by a ring, bar or other ob 
struction 24 prior to the welding, though this is 
not always essential. In place of filling in a small 
portion of the free end of each channel, a plate 
38 of suitable thickness may be attached to the 
entire face of the diaphragm over the free ends 
of the channels as shown in Fig. 2. The plate 
may be attached by soldering, cementing, or 
bra,2ing; or a particularly strong and uniform 
bond may be made by copper brazing in a fur 
nace in a hydrogen atmosphere. It should be 
pointed out that the faces of the diaphragm are 
essentially at loops of motion, and the internal 
stresses are consequently very much less than 
near the median plane of the diaphragm. An 
eXtremely Strong bord, therefore, is not ordi 
narily required. 

If the cylindrical sections of the diaphragm are 
of relatively Small diameter, the bonds 2 are not 
always necessary. The larger the diameter rel 
ative to the length, the greater is the tendency 
for the center of each unit to vibrate longitudi 
nally more than the edges, and consequently, the 
more important are te back webs i 2 in mhaintain 
ing unifornity of vibration of the entire compos 
ite diaphragm. With a single block having a 
thickness of one-half wavelength, it has been 
found that if the diameter is approximately the 
same aS, or greater than, the length of the cy 
inder, there is a very noticeable inequality in the 
Vibration of the end Surfaces. 

In the composite diaphragm of the present, 
invention, it is found, in practice, that when a 
15-inch-diameter, cast-iron disc or plate is pro 
vided With thirty-seven half-wavelength, cylin 
drical Sectional units, each two inches in diameter 
and two and one-half inches long the diameter 
of each unit is so much larger, in comparison with 
its length, for the same size disc or plate, than 
when sixty-one Units are employed, that Satis 
factory vibration is not obtained, unless the back 
webs 2 or back plate 38 is used. When a dia 
phragm of the same size is divided into sixty 
one units, however, the diameter of each unit, 
about 1.6 inches, is small enough to provide sat 
isfactory operation without the back webs or back 
plate. In either case, it will be noted that the 
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diameter of the individual cylindrical units is 
less than one-half of the Wavelength. It Will be 
noted, further, that none of the other irregular 
pieces has a transverse dinnension greater than 
one-half wavelength. This is an important gen 
eral condition for the satisfactory transmission 
of vibrations through a plate in the direction of 
the thickness. 
As the blank on which the Inachining is done is 

a simple disc, it is possible to use either a casting 
or a piece of forged or rolled stock. In the case 
of a casting, this simplicity of shape makes it 
more easy to obtain unifornity and freedom from 
flaws than if an array of channels were cast, in 
the plate. The use of forged or rolled stock 
makes possible even greater strength and uni 
fornity. 
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In addition to making possible the use of a piece 
of metal of great strength and uniformity, the 
particular arrangement of elements employed also 
results in ease and rapidity in the accomplishment 
of the machining, and greater mechanical 
strength and improved acoustical behaviour in 
the completed diaphragm. 

It Will be noted also that there are not circu. 
lar cuts about the center except that the Small 
cut outlining the member 8. This very greatly 
reduces the possibility of the vibration breaking 
up into annular areas of different phase. 

It will be seen further that the arrangement, 
of Channels ShoWn in which there are no dia 
Inetral CutS is Such as to provide great mechan 
ical strength, even when the nonbonded or open 
back type of construction is employed. 

It should be noted also that the circular air 
rangement of the outside units permits a circular 
Vibrating area and an annular supporting web 
Without the use of unequal outside pieces. Driven 
area.S on each circle of units are equally loaded. 
The rectangular diaphragm of Fig. 4 is similar 

in most respects to the circular form just de 
Scribed but is preferable where unequal sharp 
ness of beam is desired in two directions, such as 
in depth-finding equipment for navigation, where 
the roll of the ship makes it advantageous to 
obtain a fairly Wide lateral distribution of energy, 
The essentials of construction are the same as 

for the Circular diaphragm. A pattern of inter 
Connecting cylindrical channels is cut in a metal 
slab, as before described, but the channels are ar. 
ranged ilin rows instead of in Circles. It is, of 
Course, not possible to give the channel 9 which 
separates the active portion. A from the inactive 
Supporting frame 2 the ideal annular shape ob 
tained with the circular daiphragm, but the cor 
ners may be rounded by employing the cuts 
defining the corner elements to form part of the 
channel, as shown. The remainder of the channel 
consists of four straight cuts, made with a fiat cir 
cular milling cutter, or with an end mill, joining 
together the four corner circles. The greater the 
irounding of the corners the more uniform is the 
loading of the active portion 4 of the diaphragrin 
by the web 6, and the easier it becomes to ob 
tain uniform and piston-like vibration of the 
radiating or receiving surface. Except for these 
characteristics resulting from non-unifornity of 
the Supporting Web, the operation of the rec 
tangular diaphragm is similar to that of the cir 
cular unit, and any of the corresponding types 
of back construction which have been described 
Inay be employed. 
In the preferred embodiment of the invention 

illustrated, the thickness of the diaphragm is 
Substantially one-half the wave length, in the 
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material of the diaphragm, of the Sound energy 
employed. The diaphragm operates by virtue of 
compressional waves traveling in the material of 
the diaphragm normally to the radiating or re 
ceiving surface. When an internal. Wavelet 
strikes one of the surfaces a large fraction of its 
energy is reflected and remains within the ma 
terial of the diaphragm. The Wavelet is next 
reflected from the opposite surface, and the 
thickness of the plate is related to the operating 
frequency in such a way that the twice-reflected 
wave is in phase with and added to the new Wave 
let from the driving mechanism or from the im 
pinging sound wave, according to whether the 
device is used for Sending or receiving, respec 
tively. The internal wave thus builds up to such 
an amplitude that the energy received per cycle 
through one end surface is equal to the energy 
transmitted through the other surface, plus the 
loSS during the cycle due to internal dissipation. 
Thus, if the internal dissipation is negligible, 
Such a resonant member will perfectly transfer 
Sound energy from the acoustic medium on one 
side to the mechanism attached on the other 
Side, or vice versa. Resonance thus Overcomes 
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difficulties due to the acoustical properties of the 
diaphragm not being equal to those of the trans 
mitting medium. In effect, resonance adapts the 
acoustic impedance of the diaphragm to the 
medium in which it is operated. 
The natural frequency of the diaphragm is 

affected both by the driving mechanism on one 
face and by the reaction of the medium on the 
other face. It is due to the fact that both these 
effects are Small in the modifications illustrated, 
that the thickness of the diaphragm for reso 
nant operation has been specified as approxi 
mately one-half wave length or any odd multiple 
thereof. In practice the two end effects may 
be regarded as equivalent to a certain positive 
or negative addition to the thickness of the dia 
phragm and the design modified accordingly so 
that the total equivalent thickness is exactly an 
Odd number of half wave lengths of the sound 
energy in the material of the diaphragm. 
The novel diaphragm of the present invention, 

however, is directly applicable in cases where 
the driving means makes a large contribution to 
the resonant frequency. For example, the well 
known quartz-Sandwich transmitter or receiver 
is constructed of two electrode plates each ap 
proximately one-quarter wave length thick With 
a layer of quartz crystals between then. In this 
device the total equivalent thickness of the two 
plates and the quartz is exactly one-half wave 
length; and the composite plate vibrates in the 
Sane manner as the Single plate first described. 
The operation of this device is much improved if 
the electrode plates are constructed in accord 
ance with the present invention. More generally 
Speaking, the present invention is applicable 
wherever a plate having a thickness of an ap 
preciable fraction of a wave length is employed 
to transmit vibrations in the direction of its 
thickness. 

In most applications of the invention, as in 
the cases described, the diaphragm and the 
driving means combine to form a mechanical 
System resonant to the desired frequency of op 
eration, and thus cooperate effectively in the 
interchange of energy with the medium. For 
efficient operation it is necessary that the internal 
decrement of the mechanical system shall be 
Small compared with the decrement resulting 
from coupling to the acoustic medium. In other 
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words, it is necessary that the energy dissipated 
per cycle within the mechanical system shall be 
small in comparison with the energy per cycle 
exchanged with the acoustic medium. The re 
quirements on the decrement therefore depend 
on the medium. When a metal block...is vibrat 
ing in air, for example, the radiated energy for 
a given amplitude of vibration is much less than 
when the block is vibrating in water. In other 
Words, the decrement due to the air is very much 
less than that due to water. Consequently the 
material of the block must have extremely small 
internal viscosity if it is to be efficient in inter 
changing sound energy with the air, while almost 
any material is satisfactory for radiating into 
water. As an illustration, aluminum has been 
found to be very much better than cast iron for 
operation in air, but the results with the two 
metals in water differ only slightly. Cast iron 
or Steel is therefore preferred for undewater use 
both on account of greater strength and on ac 
Count of decreased electrolytic action when used 
On a Steel vessel. . : ? ? ?? “..... ? ','',' ' 
According to the preferred embodiment of the 

invention, the driving of the individual blocks 
is effected magnetostrictively. To this end, each 
of the diaphragm blocks is provided with a mag 
netostrictive core 4, so as to cause individual 
driving of the blocks 8, ?o, 22 and 42: . When Operated magnetostrictively or piezo-electrically, 
the blocks are driven by means of reversible in 
ternal stresses to obtain high frequencies. The 
cores 4 may be constituted of any desired mag 
netostrictive material. A thin-walled nickel 
tube operates very well, in practice. The coils 
are assembled in a rigid array between plates 
47 which are held at a suitable distance in back 
of the face 9 by means of stud bolts 44 and spacers 
45 and 46, the stud bolts being threaded into the 
immovable outer ring 2. The cores 4 may be 
individually and simultaneously caused to vibrate 
by means of energizing coils, one of which is 
shown at 20, and supplied with power from any 
desired. Source. These coils may also supply a 
constant magnetic polarization to the core...The 
Vibrations of the core f4 are of such a nature 
that it executes longitudinal expansions and con 
tractions, the free and attached ends being in 
motion while there will be one or more nodes 
Suitably disposed along the core. The vibra 
tions of the lower extremity of the core 4 will be 
communicated to the block to which it is at 
tached, and if the combined mechanical system 
is resonant to the driving frequency the block, 
in turn, Will also vibrate expansionally. 

It should be noted that it is not necessary for 
the magnetostrictive cores to be supported at 
the back end in any way. Since the length of 
the cores is an appreciable fraction of a wave 
length, the inertia of the free end provides suffi 
cient backing so that the blocks can be driven 
effectively. - - - - - 

It is important that the length of core be prop 
erly chosen in order to cooperate most effectively 
With the diaphragm. Although any length of 
core acting in conjunction with the diaphragm 
Will have One or more resonant frequencies, all 
Such combinations do not result in equally effi 
cient transfer of energy between the tube and 
the diaphragm, even When driven at resonance. 
It is not difficult in practise, however, to deter 
mine a Satisfactory length of core to drive a block 
of given dimensions. 

If the magnetostrictive cores are tubular, as 
shown, they may be soldered to nuts 2f which 



2,405,472 

in turn are screwed to studs 23 threaded into the 
blocks as shown in Figs. 5 and 6. A Small amount 
of cement may be placed under each nut before 
tightening to insure that it will not become loose 
in Operation. 
The dimensions and mass of the nut are also 

important in governing the transfer of energy 
from the tubes to the blocks. With the 37-unit 
diaphragm of dimensions above given, a nickel 
tube two and one-eighth inches long, one-half 
inch in diameter and ten mils in wall thickness 
is used with a brass nut three-sixteenths of an 
inch thick. 
Tn the arrangements illustrated only the equal 

cylindrical blocks 4 are attached to the magneto 
strictive driving tubes 4. The irregular pieces 
between the cylinders, since they have the same 
length and consequently nearly the same reso 
nant frequency, are readily constrained by the 
webs 2 and 13 to vibrate cophasally with the 
cylinders. 

It is desired that each driving element shall 
cooperate with its respective block to give as 
nearly as possible the same combined resonant 
frequency, so that the WebS 2 and 3 will be en 
abled to draw all the blocks into cophasal vibra 
tion with one another to obtain uniform and pis 
ton-like vibration of the radiating surface . 
With the construction ilustrated it has been 
found practicable to obtain this result using cores : 
of equal dimensions and diaphragm sections of 
equal thickness but this is not a necessary condi 
tion for operation. In some cases the dimensions 
of the cores may be individually adjusted to the 
vibrational constants of the corresponding blocks 
in order to achieve the same result. - 
At the frequency of operation the electrical 

impedance at the terminals of the driving coils 
when in operative relation to the magnetostric 
tive cores and diaphragm is about 600--i 1200 
ohms for the thirty-seven-element radiator de 
scribed. This value is with 138 turns on each 
coil and the coils connected in series. 

It will be understood that the invention is not 
restricted to the illustrated embodiments there 
of, but is susceptible to further modifications and 
change within the skill of the artisan, and all 
such modifications and changes are considered 
to fall, within the spirit and scope of the inven 
tion as defined in the appended claims. 
What is claimed is: 
1. Apparatus for the transmission or reception 

of aCOustic energy comprising a diaphragm hav 
ing two oppositely disposed faces and adapted 
to vibrate in a direction substantially normal to 
the oppositely disposed faces so as to produce 
a loop of expansional vibration at one of the faces 
and a node of expansional vibrations between the 
faces, whereby the said one face may vibrate be 
tween limiting positions on both sides of a posi 
tion of rest occupied by the said one face when 
the diaphragm is at rest, the diaphragm being 
subdivided into sections by interconnecting cylin 
drical ring-shaped channels extending from near 
one of the faces to a point substantially beyond 
the said node of expansional vibration, forming 
means positioned near the said position of rest 
of the said one face at a point substantially re 
moved from the said node and aside from the 
path of vibration of the said one face for sup 
porting the diaphragm. 

2. Apparatus for the transmission or recep 
tion of acoustic energy comprising a diaphragm 
having two oppositely disposed faces and adapted 
to vibrate in a direction substantially normal to 
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10 
the oppositely disposed faces, the diaphragm 
comprising a plurality of cylindrical diaphragm 
sections having substantially the same thickness 
in the direction of wave transmission and me 
chanically held together in slightly spaced rela 
tion with the ends of the sections substantially 
coincident with the said faces to constitute a 
unitary vibratory diaphragm. 

3. A diaphragm having a fixed outer portion, 
a vibratory inner diaphragm portion, an interme 
diately disposed Web connecting the portions, the 
diaphragm portion comprising a plurality of cy 
indrical diaphragm sections connected together 
by webs of substantially the same thickness, each 
Section having two oppositely disposed faces and 
being adapted to vibrate expansionally by con 
tracting and expanding to and from a nodal 
plane disposed intermediately between the faces 
to produce loops of expansional vibration at the 
said faces, the transverse dimension of the sec 
tions being not substantially greater than one 
quarter wavelength of the acoustic energy in the 
material of the diaphragm, and means for co 
phasing the vibrations of the sections. 

4. Apparatus for the transmission or reception 
of acoustic energy comprising a diaphragm hav 
ing two oppositely disposed faces and adapted 
to vibrate in a direction substantially normal to 
the oppositely disposed faces so as to produce a 
loop of expansional vibration at one of the faces 
and a node of expansional vibration between the 
faces and being subdivided into sections by in 
terconnecting cylindrical ring-shaped channels 
extending from near one of the faces to a point 
substantially beyond the said node of expansional 
vibration, the transverse dimension of the sec 
tions between the channels being not substan 
tially greater than one-quarter Wavelength of the 
acoustic energy in the material of the diaphragm, 

5. Apparatus for the transmission or reception 
of acoustic energy comprising a diaphragm in the 
form of a plate of Substantially uniform thick 
neSS in the direction of acoustic transmission or 
reception and adapted to vibrate in a direction 
normal to the oppositely disposed faces of the 
plate so as to produce a loop of expansional vibra 
tion at one of the faces of the plate and a node 
of expansional vibration between the faces of 
the plate and being subdivided into sections by 
interconnecting cylindrical ring-shaped channels 
substantially perpendicular to the said faces and 
extending from near one of the said faces to a 
point substantially beyond the said node of ex 
pansional vibration, and the transverse dimen 
sion of the sections between the channels being 
not substantially greater than one-quarter Wave 
length of the acoustic energy in the material of 
the plate. - 

6. Apparatus for the transmission or reception 
of acoustic energy comprising a diaphragm in the 
form of a plate of Substantially unifornin thick 
ness in the direction of acoustic transmission or 
reception and adapted to vibrate in a direction 
normal to the oppositely disposed faces of the 
plate so as to produce a loop of expansional vibra 
tion at one of the faces of the plate and a node 
of expansional vibration between the faces of the 
plate and being subdivided into Sections by inter 
connecting cylindrical ring-shaped channels sub 
stantially perpendicular to the said faces and 
extending from near one of the said faces to a 
point substantially beyond the said node of ex 
pansional vibration, and the transverse dimen 
sion of the sections between the channels being 
not substantially greater than one-quarter Wave 
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length of the acoustic energy in the material of 
the plate and the said thickness of the plate 
being substantially greater than that fraction of 
the wavelength of the acoustic energy in the ma 
terial of the plate at which substantial motion 
of the material of the plate perpendicular to the 
Said direction of acoustic transmission and recep 
tion takes place due to the said expansional Wi 
bration of the plate. 

7. Apparatus for the transmission or reception 
of acoustic energy comprising a diaphragm in the 
form of a plate of substantially uniform thick 
neSs in the direction of acoustic transmission or 
reception and adapted to vibrate in a direction 
normal to the Oppositely disposed faces of the 
plate So as to produce a loop of expansional vibra 
tion at one of the faces of the plate and a node 
of expansional vibration between the faces of the 
plate and being Subdivided into sections by inter 
Connecting cylindrical ring-shaped channels sub 
Stantially perpendicular to the said faces and 
extending from near one of the said faces to a 
point Substantially beyond the said node of ex 
pansional vibration, the transverse dimension 
of the Sections between the channels being not 
Substantially greater than one-quarter Wave 
length of the acoustic energy in the material of 
the plate and the said thickness of the plate being 
Substantially greater than that fraction of the 
Wavelength of the acoustic energy in the material 
of the plate at which Substantial motion of the 
material of the plate perpendicular to the said 
direction of acoustic transmission and reception 
takes place due to the said expansional vibra 
tion of the plate, means for individually driving 
the sections and forming with the said plate a 
composite System having a total equivalent thick 
neSS of an odd number of Wavelengths so as to 
be resonant to the acoustic energy in the said 
direction of the thickness of the plate, and means 
for Operating the individual driving means sub 
stantially in phase at Substantially the same fre 
quency and with substantially the same ampli 
tude of vibration. 

8. Apparatus for the transmission or reception 
gfacoustic energy comprising a diaphragm hav 
ing two oppositely disposed faces and adapted 
to vibrate in a direction Substantially normal to 
the oppositely disposed faces so as to produce 
a loop of expansional vibration at one of the 
faces and a node of expansional vibration be 
tween the faces and being subdivided into a cen 
tral section and a plurality of sections disposed 
about the central section by interconnecting cy 
lindrical ring-shaped channels extending from 
near one of the faces to a point Substantially be 
yond the Said node of expansional vibration, the 
transverse dimension of the sections between the 
Channels being not Substantially greater tham 
one-quarter Wavelength of the acoustic energy 
in the material of the diaphragm, - 

9. Apparatus for the transmission or reception 
of acoustic energy comprising a diaphragm hav 
ing two oppositely disposed faces one of which 
is adapted to be disposed in a medium for the 
transmission or reception of the acoustic energy, 
the diaphragm comprising a plate of substan 
tially uniform thickness in the direction of the 
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lindrical ring-shaped channels substantially per 
pendicular to the said faces and extending from 
near one of the said faces to a point substan 
tially beyond the said node of expansional vibra 
tion, and the transverse dimension of the sec 
tions between the channels being not substan 
tially greater than one-quarter wavelength of the 
acoustic energy in the material of the plate.... 

10. Apparatus for the transmission or recep 
tion of acoustic energy comprising a diaphragm. 
having two oppositely disposed faces and adapt 
ed to vibrate in a direction. Substantially nor 
mal to the oppositely disposed faces so as to pro 
duce a loop of expansional vibration at one of 
the faces and a node of expansional vibration be 
tween the faces and being subdivided into sec 
tions by interconnecting cylindrical ring-shaped 
channels extending from near one of the faces. 
to a point substantially beyond the said node of 
expansional vibration, the transverse dimension 
of the Sections between the channels being not 
substantially greater than one-quarter wave 
length of the acoustic energy in the material of 
the diaphragm, the Sections being connected to 
gether at the said one face. 

11. Apparatus for the transmission or recep 
tion of acoustic energy comprising a diaphragm 
having two oppositely disposed faces and adapted 
to vibrate in a direction substantially normal to 

30 the oppositely disposed faces so. as to produce a 
loop of expansional vibration at one of the faces 
and a node of expansional vibration between the 
faces and being subdivided into sections by in 
terconnecting cylindrical ring-shaped channels 
extending from near one of the faces to a point 
Substantially beyond the said node of expansional 
vibration, the transverse dimension of the sec 
tions between the channels being not substan 
tially greater than one-quarter wavelength of the 

40 

50 

60 

acoustic transmission or reception and adapted. 
to vibrate in a direction normal to the oppositely 
disposed faces of the plate so as to produce a loop 
of expansional vibration at one of the faces of 
the plate and a node of expansional vibration 
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between the faces of the plate, the plate being ... 
Subdivided into sections by interconnecting cy 75 

acoustic energy in the material of the diaphragm, 
the sections being rigidly secured together at 
the Said one face. . . . . . ; 

12. Apparatus for the transmission or recep 
tion of acoustic energy, comprising a diaphragm 
having two oppositely disposed faces and adapted 
to vibrate in a direction substantially normal to 
the oppositely disposed faces so as to produce 
a loop of expansional vibration at one of the 
faces and a node of expansional vibration be 
tween the faces and being subdivided into sec 
tions by interconnecting cylindrical ring-shaped 
channels extending from near one of the faces 
to a point Substantially beyond the said node of 
expansional vibration, the transverse dimension 
of the sections between the channels being not 
substantially greater than one-quarter wave 
length of the acoustic energy in the material of 
the diaphragm, and a plate connecting the sec 
tions together at the Said one face. . . 

13. Apparatus for the transmission or recep 
tion of acoustic energy comprising a diaphragm 
having two oppositely disposed substantially par 
allel faces and adapted to vibrate in a direction 
Substantially normal to the oppositely disposed 
faces So as to produce a loop of expansional vibra 
tion at one of the faces and a node of expansional 
vibration between the faces, the diaphragm com 
prising a plurality of cylindrical diaphragm se? 
tions held together by webs in slightly spaced 
relation with the ends of the sections substan 
tially coincident with the said faces, the trans 
verse dimension of the sections being not sub 
stantially greater than one-quarter wavelength 
of the acoustic energy in the material of the dia 
phragm, a separate vibrator affixed to each sec. 
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tion for vibrating the sections expansionally at 
a common frequency, the relative dimensions and 
the materials of the sections and the vibrators 
rendering their combination resonant to the Said 
common frequency, and means for operating the 
Separate vibrators substantially in phase at Sub 
stantially the same frequency and with Substan 
tially the same amplitude of vibration. 

14. In an acoustical apparatus, a diaphragm 
having a face and adapted to vibrate in a direc 
tion Substantially normal thereto so as to produce 
a loop of expansional vibration at the said face 
and a node of expansional vibration spaced there 
fron, said diaphragm being Subdivided into sec 
tions by interconnecting annular channels that 
extend a sufficient distance each side of the said 
node of expansional vibration to insure Substan 
tial in-phase vibration of the aforesaid face. 

15. In an acoustical apparatus, a diaphragm 
having a face and adapted to vibrate in a direc 
tion Substantially normal thereto SO as to produce 
a loop of expansional vibration at the said face 
and a node of expansional vibration Spaced there 
from, said diaphragm being Sub-divided into sec 
tions by interconnecting annular channels that 
extend a sufficient distance each side of the said 
node of expansional vibration to insure substan 
tial in-phase vibration of the aforesaid face, the 
transverse dimensions of the Sections between 
the channels being not substantially greater than 
one quarter wave length of the acoustic energy 
in the material of the diaphragm. 

16. In an acoustical apparatus, a diaphragm 
having a face and adapted to vibrate in a direc 
tion substantially normal thereto so as to produce 
a loop of expansional vibration at the said face 
and a node of expansional vibration spaced 
therefrom, said diaphragm being sub-divided into 
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sections by interconnecting annular channels 
that extend a sufficient distance each side of the 
Said node of expansional vibration to insure Sub 
stantial in-phase vibration of the aforesaid face, 
the Sections being connected together at the said 
face. 

17. Apparatus for interchanging electrical and 
mechanical energy with a sound-conveying me 
dium comprising a plurality of cylindrical dia 
phragm sections substantially alike in shape and 
dimensions, the diaphragm Sections being Spaced 
from one another and connected together by Webs 
of Substantially the same thickness into a unitary 
vibratory diaphragm, the unitary vibratory dia 
phragm being adapted to vibrate expansionally 
so as to produce a loop of expansional vibration 
at one of the faces of the unitary Vibratory dia 
phragm and a node of expansion vibration be 
tween the said faces. 

18. Apparatus for interchanging electrical and 
mechanical energy with a sound conveying me 
dium comprising a plurality of concentrically ar 
ranged cylindrical diaphragm sections substan 
tially alike in Shape and dimensions, the dia 
phragm sections being spaced from one another 
and connected together by WebS Of Substantially 
the same thickness into a unitary vibrator, a 
separate vibrator affixed to each section, each 
vibrator and the corresponding section providing 
a combination that is adapted to operate in the 
same phase and at the substantially same fre 
quency as each other vibrator and its correspond 
ing section, and means causing the vibrators to 
cooperate elastically with their corresponding 
sections at substantially the same Said phase and 
frequency to effect an interchange of energy with 
the sound-conveying medium. 

WILLIAM N. TUTTLE. 


