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it go 3enioff, fasadena, Calif., assignor, by 
inese assigniaents, to Samarine Signal Com 
pany, Boston, Iliass., a corporation of Delaware 

Appication December 9, 1942, Serial No. 468,435 
4. Claims. 

ihe present invention relates to apparatus for 
acoustic Sigialing and reception, and Ilore par 
ticularly to the art of signaling with the use of 
high frequency sound vibrations inear and above 
the audible range of frequency. 
The invention finds particular application in 

the art of submarine signaling as a means for 
deteriniining the direction of a sound source, or 
for transmission in a given direction. 

he present invention uses a sound reflector 
at the focus of which is a pick-up unit of a type 
particularly adaptable to receive the waves re 
flected to it by the reflector. 
The invention is particularly adaptable for use 

overboard of a Wessel or when projected through 
the skin of the vessel. For this purpose the re 
flector is enclosed in a spherical housing which 
is supported by a shaft by which the whole hous 
ing may be rotated. The reflector itself is 
mounted in-such a way so that the desired direc 
tion of the reflector is preserved even though the 
shaft may be inclined at varying angles. For 
this purpose a knife-edge support is preferable 
to a bearing surface for Fairtaining the reflector 
positioned in the desired direction. 
Other features of the present invention reside 

in part in the construction and arrangements of 
the elements making up the apparatus and will 
be more fully and readily understood from the 
specification describing an embodiment of the 
invention in connection with the drawings in 
whigh Fig. 1 shows an elevation of the invention 
with parts in section; Figs. 2 and 2a show details 
of Fig. 1; Fig. 3 shows a further detail of a modi 
fication of the sound pickup unit shown in Fig. 1; 
Fig. 4 shows a section on the line E-4 of Fig. 3; 
Fig. 5 shows a section on the line 5-5 of Fig. 3; 
Fig.6 shows a detail for the support of the pickup 
unit of Fig. 1; and Fig. shows a detail of the 
support for the spherical unit. 

In the drawings there is provided a spherical 
shell which may be filled with any liquid Ol' 
sound-conveying medium 2. The spherical shell 
comprises preferably a metallic back half or 
herani-spherical portion 3 which may be made out 
of any suitable metal plate such, for instance, as 
aluminum or stainless steel. At the peripheral 
diameter of this half shell there is a supporting 
belt 4 or sector extending all the Way around the 
hemisphere. On one side this belt is joined by 
Suitable means as, for instance, a row of ScieWS 
5, 5 to the back shell 3, and on the other side 
the belt has a long flange 7 to which is cemented 
around its peripheral edge 8, a rubber hemisphere 
9 or some other suitable material which must be 
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Substantially sound transparent for the sound 
Waves inpinging against it. For this purpose 
Sound transparent, rubber or some other material 
Such as some suitable plastic may be used. Pref 
erably tile joint between the flange and the 
front cover 9 of sheil is inade so that a continu 
glls Snooth Surface is provided between the Cuter 
Surface of the sector is and that of the cover 9. 
The back cover or hemisphere 3 is preferably 
fined on the inside with a lining 8 of some good 
sound-reflecting material as, for instance, cork 
or "inoleulin' or the like, and the outside with 
Sorine Sound-absorbing and protective material 
such, fol' instance, as a soft, rubber covering f 
which will help to protect the metal shell 3 from 
cients. Cork may well be used on both sides of 
the shell 3. 
Mounted and supported within the spherical 

Sheil formed by the éteinents described there is 
provided a reflector 2 which may take the form 
Of a parabola of levolution or sore such similar 
Surface. This reflector is provided at its edge 
With a turned lip or rin 3 extending all the 
Way arolind the reflector'. This rim is provided at 
Cpposite ends of One dia.neter with perforations 
Ol' holes it by which the reflector is supported. 
The reflector 2 is covered on both sides with thin 
layers of Cork 5 and S to provide a good re 
iiecting surface and to prevent, vibration being 
picked up by the reflector itself so that it will 
act simply as a reflector for the energy which 
iinpinges against it. 

he perforations it by which the reflector is 
Suppoited are lined With a sleeve Siade out of 
fabric Bakelite element or other suitable material 
which also provides a durable bearing surface 
tlinder corrosive Conditions such as sea, Water. 
This sleeve is fastened through a fange 3 on 
one side of the lip i3 and the other side by a 
ciamping plate 28. The sieeve 8 is shaped as 
indicated in Fig. 2d, with an opening with two 
straight sides 2i and 22 inclined to each other 
and coming togethei' at a vertex 23. The open 
ing is arched over at the top as indicated by 
the curve 2.É. 
The supporting sector or band is is pivoted 

with a perforation 25 through which a projecting 
shaft, S extends. This shaft has at its end a 
plate 2 which is held tightly to the band or 
sector is by means of screws 23. The shaft 26 
as it extends inwardly through the band 4 is 
provided with a knife-edge element 29, the knife 
edge 3 of which rests in the vertex 23 formed by 
the two straight sides 23 and 22 of the supporting 
sleeve 48. The supporting sleeve 8 must have 
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such a surface that the knife-edge element 29 
can freely be pivoted in it. 
The spherical shell is supported in the band 4 

as indicated by Fig. 7. This support has its axis 
in a direction perpendicular to the plane in 
which the section of Fig. 1 is shown so that if 
the shaft f4 is held in a vertical direction, the 
axis of the parabola will be horizontal. To 
provide equilibrium for the reflector and the re 
ceiving unit mounted with it, the parabola, may 
be Weighted at the botton by lead or other suit 
able means as indicated at 3. The reflector is 
So mounted that it may SWing for a considerable 
arc about its horizontal pivot. Its notion is pre 
vented beyond a given aaount by stops 32 and 33 
Suitably placed on the inside of the shell in Such 
a way that as the reflector swings, it will hit 
against these stops. The angular position of 
these stops is such that the reflector will be 
stopped before the sides of the knife-edge 29 lie 
against the inclined surfaces 2 and 22 in the 
SWing of the reflector. 
The Sound collected by means of the reflector 
2 is reflected to the hydrophone unit 34 mounted 

at the focus and supported in a centrally located 
opening in the disc 35 which, in turn, is held by 
a frame made up of Supporting brackets 36, 36, 36, 
fastened at One end to the plate 35 and at the 
other end to the edge or lip 3 of the parabola. 
The plate 35 and the hydrophone unit 34 are 
completely lined on their back faces with a Sound 
reflecting cork layer 3, or other reflecting layer 
of material to reflect the Sound direct from 
sources and thereby prevent it from exciting the 
hydrophone. Without the plate 35 covered as 
described, Sound Waves in the Vicinity of the 
hydrophone would be picked up by the receiving 
element of the hydrophone and be made to indi 
cate in the system. In this manner the directivity 
of the receiving unit would be in paired. The ac 
tion of the plate 35 in its covered state is to re 
flect such sound waves as might otherwise affect 
the hydrophone away from the hydrophone. This 
action eliminates sounds coming from directions 
other than that in which the reflector is pointed 
and thereby makes the unit more highly directive 
and provides a greater ratio of sound energy from 
the required direction to that coming from un 
Wanted directions. 
The bars or brackets 36, which are fastened 

at one end, as indicated in Fig. 6, by screws 38 
to the disc 35, are bent over the lip 3 and fastened 
in their extensions 39 to the edge or lip of the re 
flector. The receiving unit 34 is mounted With 
its receiving diaphragm at right angles to the 
direction of the axis of the reflector and facing 
the reflector. This hydrophone is shown more in 
detail in Figs. 3, 4, and 5. The only difference 
between the units shown in Figs. 1 and 3 is that 
in the latter figure the cable connections are 
taken out at the end of the casing instead of at 
the side of the casing as ShoWn in Fig. 1. 
The hydrophone of Fig. 3 is made of a heavy 

casing 40 preferably of metal which has a re 
cess 4 to receive the operating elements of the 
unit. The unit otherwise comprises a cover 
member 42 which is made with a heavy Outer 
ring 43 fitting against the fac2 of the Side Wall 
44 of the casing and an inner recessed thin 
diaphragm 45 which has a groove cut around its 
periphery forming a thin compliance web 46 
which joins the central vibratory diaphragm 45 
to the heavy supporting ring 53. 
The diaphragm is clamped to the casing by 

means of screws 47 spaced around the periphery 
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of the Supporting ring as indicated in Fig. 5. 
The casing is made watertight by the usual means 
indicated here by a rubber gasket 48 seated in the 
wall 44 of the heavy casing. Joined to the dia 
phragm and formed as an integral part of it is a 
thin cylindrical shell 49 of magnetostrictive 
material Which extends from the rear of the 
diaphragm at or near the edge of the compliance 
Web 46 but on the inside of the casing Which is 
not exposed to the water medium. This cylindri 
cal shell has at its end a heavy ring element 50 
which is threaded at the inside at 5 to receive 
a cylindrical element 52 which is recessed at 
53 on its inside face to receive the permanent 
magnet 54 which is retained tightly within the 

- recess 53 in a forced fit joint or by some other 
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Suitable means. The permanent magnet 54 has 
its end surface 55 parallel to the inside of the 
diaphragm member 45 and closely adjacent to it. 
Surrounding the cylinder 49 is a coil form 56 
which at its front end has an outwardly extend 
ing flange 57 seated in the heavy rim 43 so that 
the coil is held outside of the vibrating portion 
of the diaphragm and will not therefore interfere 
with it. The coil form carries a coil 58 which is 
energized by the vibrations of the magneto 
strictive cylinder 49. 
The end surface of the heavy ring element 50 

rests in a shoulder 59 at the bottom of the casing 
and is cemented in place by a layer of cement 
60 in order to provide acoustic contact. A Bake 
lite disc 6 is fastened at the rear face of the 
cylindrical plug or threaded member 52 and this 
disc extends into a recess 62 extending from the 
back of the casing through which the connecting 
cable 63 passes. A watertight joint is made for 
this cable by means of a suitable stuffing box 
64. The leads from the cable passing through 
holes in the Bakelite disc 6 are connected 
through the grooves 65 and 66 in the heavy ring 
50 to connect to the coil 58. 
The cover member with its heavy metal ring 

43 and its central metal vibratory diaphragm 
45 as well as the magnetostrictive cylindrical ele 
ment 49 and the heavy metal ring 50 may be and 
are preferably all one piece of material, and 
in the present modification of Fig. 3 are there 
fore of magnetostrictive material with the cylin 
drical threaded member 52 of magnetic material 
and the member 54 a permanent magnet. 
In the operation of the device above described, 

the whole apparatus may be lowered into the 
Water and rotated on its shaft 4. The hydro 
phone will receive sound approaching in the 
direction of the axis of the reflector and Will not 
receive sounds approaching from other direc 
tions. The sound which passes through the 
opening between the central baffle and the edge 
of the reflector, if at angles inclined to the axis 
of the reflector, Will not cone to a focus On the 
receiving diaphragm 45, but will be reflected out 
ward from the reflector through the Opening 
between the edge and the baffle. The Sound ap 
proaching the reflector in directions substan 
tially parallel to the axis of the reflector will 
all be reflected and focussed to the diaphragm 
and will therefore add up to increase the Sound 
intensity approaching from the direction of the 
axis of the reflector. - 

If the device is installed upon a moving vessel 
in which the shaft 4 does not retain its vertical 
position, then the pivoting of the reflector which 
itself carries the receiving unit makes it possi 
ble for the axis of the reflector always to be 
directed horizontally, 
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Having now described my invention, I claim: 
... An underwater directional, compressional 

Wave signaling device adapted to be projected 
into the Water comprising, in combination, a hol 
low spherical shell adapted to be filled With 3, 
Wave lar Snitting medium and having a front, 
half formed of a Wave transmitting material and 
a rear half formed of a Wave reflecting material, 
a concave Wave reflector' shaped to bring inci 
dent plane Waves to a focus substantially at a, 
point, positioned within said shell with its outer 
circumference bounded substantially at the junc 
tion of the two halves thereof and With the con 
cave face facing toward said Wave transmitting 
half, said point being sufficiently close to Said 
reflector to be contained within said shell where 
by a Wave transducer inay be placed Within Said 
shell at said point of focus. 

2. An underWater directional compressional 
Wave signaling device adapted to be projected 
into the Water comprising, in combination, a hol 
low spherical shell adapted to be filled with a 
wave transmitting medium and having a front 
half formed of a Wave transmitting material and 
a rear half formed of a Wave reflecting material, 
a concave Wave reflector shaped in the form of 
a parabola of revolution positioned within said 
shell With its outer circumference bounded Sub 
stantially at the junction of the two halves there 
of and With the concave face facing toward said 
wave transmitting half, the focal point being 
sufficiently close to said reflector to be contained 
within said shell, whereby 2. Wave transducer 
may be placed within said shell at said focal 
point. 

3. A device as Set forth in claim 1. Wherein the 
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reflector is pivotally mounted in said shell at 
two diametrically opposed points on a generally 
horizontal line and is weighted at a point below 
Said line to maintain the signalling axis thereof 
Substantially horizontal during tilting of sai 
Sphere about said line. 

4. A device as set forth in claim 1 wherein Said 
Wave transmitting in atterial is rubber, said Wave 
reflecting material includes a rigid metal hemi 
spherical shell, and said housing is filled with 
a Wave transmitting fluid to maintain the Spheri 
cal shape thereof. 
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