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57) ABSTRACT 
A low frequency or pressure-gradient hydrophone 
comprising an optical reflector experiencing displace 
ments responsive to acoustic waves. A beam light 
from a light source is carried by a first group of fiber 
optics guides and is incident upon the optical reflec 
tor. The light reflected from the reflector is carried by 
a second group of fiber optics guides to a light detec 
tor. Any displacements of the reflector due to pressure 
gradient due to acoustic waves impinging on the oppo 
site sides of the reflector are detected by changes in 
intensity of reflected light from the light source. 

4. Claims, 4 Drawing Figures 
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ACOUSTO-OPTIC UNDERWATER DETECTOR 

STATEMENT OF GOVERNMENT INTEREST 
The invention described herein may be manufac 

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

BACKGROUND OF THE INVENTION 

The present invention relates to underwater commu 
nication and particularly pertains to low frequency hy 
drophones wherein any displacements of an optical re 
flector resulting from pressure gradient on the opposite 
sides of the reflector because of impinging acoustic 
waves are detected by changes in intensity of light re 
flected by the reflector. 
Transducers used in underwater communication for 

detecting acoustic waves generated by various sources 
usually employ piezoelectric crystals of materials such 
as barium titanate, lead zirconate as acoustic elements. 
However, such transducers are not very efficient at low 
frequencies, e.g., a few hundred hertz, or below. This 
is because of relatively high resonant frequencies of pi 
ezoelectric crystals used and their relatively low detec 
tion efficiency at these frequencies. Furthermore, they 
display omnidirectional patterns and have sizes of 12 
inches or longer in order to have receiving responses 
averaging -90 decibels (abbreviated as dB) for gener 
ating signals of 1 volt per microbar pressure of acoustic 
waves. Besides, these transducers do not have a uni 
form low frequency response and different piezoelec 
tric crystals need be used to cover low frequency re 
gion. Consequently, their omnidirectional characteris 
tics, relatively large size, and inefficient operation at 
low frequencies impair their usefulness in some under 
water acoustic detection systems with particular refer 
ence to torpedo applications. 

SUMMARY OF THE INVENTION 
The objects and advantages of the present invention 

are accomplished by utilizing an acousto-optic trans 
ducer which comprises a bifurcated fiber-optic bundle 
housed in a light-tight box, a lightweight optical reflec 
tor which is flexibly attached to the light-tight box by 
means of a plurality of springs, a source of light, and a 
light detector. Light from the light source is carried 
through the box by the first group of the bifurcated 
fiber optics bundle to the reflector. The second group 
of the bifurcated fiber optics bundle carries the re 
flected light through the box to the light detector, the 
light-tight box preventing any extraneous light from in 
terfering. Pressure exerted by an incoming acoustic 
wave displaces the optical reflector with resulting dis 
placement of the reflector being proportional to the 
pressure differential on the opposite sides of the reflec 
tor and thus varies the intensity of the light reflected 
from the reflector. By changing the springs used for at 
taching the reflector to the box, it is possible to change 
the resonant frequency of the detector and thus the fre 
quency band of the transducer for a uniform response. 
The frequency response of the transducer can also be 
varied by using optical reflectors of different masses. 
An object of this invention is to have an acousto 

optic transducer having a uniform low frequency re 
sponse. 
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2 
Another object of this invention is to have an acous 

to-optic transducer which has a directionality charac 
teristic instead of being omnidirectional. 
Other objects, advantages and novel features of the 

invention will become apparent from the following de 
tailed description of the invention when considered in 
conjunction with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
FIG. illustrates schematically an acousto-optic 

transducer of subject invention; 
FIG. 2 illustrates a partially exploded perspective 

view of the transducer; 
FIG. 3 illustrates a cross-sectional view of the trans 

ducer taken along the line 3-3 of FIG. 2; and 
FIG. 4 illustrates a cross sectional view of the trans 

ducer taken along the line 4-4 of FIG. 2. 
DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring more specifically to the drawings, FIG. 
illustrates an acousto-optic transducer 10 which com 
prises a light-tight box 12, a bifurcated fiber optics bun 
dle 14 having branches 16 and 18, a light source 20, an 
optical detector 22, an optical reflector 24 attached to 
box 12 by means of spring biased pistons 26 and 28 
schematically shown in FIG. 1 and in a perspective 
view in FIG. 2. Bifurcated bundle comprises a multi 
plicity of optical fibers as shown in FIG. 4 which is a 
cross sectional view of FIG. 2 along line 4-4. The opti 
cal fibers as shown in FIG. 4 are arranged in such a way 
that each transmitting fiber which transmits light from 
light source 20 to the optical reflector 24 is completely 
surrounded by receiving fibers which carry the light re 
flected by the optical reflector 24 to detector 22 for in 
creasing the efficiency of the transducer. Cable 30 
shown in FIG. 2 provides power to light source 20 and 
detector 22. 
FIG. 3 shows a cross sectional view along line 3-3 

of the transducer shown in FIG. 2. Two generally iden 
tical pistons 26 and 28 are spring biased and mounted 
in holes 32 and 34 respectively in wall 36 of box 12 and 
cover plate 37 which is attached to box 12 by set of 
screws not shown in the drawings. Piston 26 comprises 
a wider section 38 fitting tightly in hole 32, a narrower 
section 40, and a threaded section 42. Likewise piston 
28 comprises a widersection 44, a narrower section 46, 
and a threaded section 48. Springs 50 and 52 are in 
serted in holes 32 and 34 respectively. Spring 54 is 
slipped on section 40 of piston 26 abutting common 
shoulder 56 of sections 38 and 40. Likewise spring 58 
is slipped on section 46 of piston 28 abutting common 
shoulder 60 of sections 44 and 46. Pistons 26 and 28 
are then inserted into holes 32 and 34 respectively, the 
end of piston 26 abutting spring 50 and the end of pis 
ton 28 abutting spring 52. Reflector 24 is supported by 
a back plate 64 attached thereto all around except a 
small area 66 of the reflector 24. Back plate 64 is at 
tached to the threaded sections 42 and 48 of pistons 26 
and 28 respectively by means of nuts 68, 70 and 72, 74. 
O rings 76 and 78 are used to protect fibers 14 from 
water. The reflector 24 is light and is generally made of 
materials such as glass, brass, and mylar coated with a 
reflector paint. However, it should be understood any 
reflector which is lightweight and having a high reflec 
tion coefficient can be used regardless of the material 
from which it is made. By adjusting the position of the 
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back plate 64 of the optical reflector 24 or by changing 
springs50, 52,54, and 58, it is possible to change reso 
nant frequency of the transducer and thereby change 
frequency band for a uniform low frequency response 
of the transducer. Furthermore, by using reflectors of 5 
different masses, it is also possible to change frequency 
characteristics of the transducer. Replacement of the 
springs and the reflectors can be achieved without 
making any major modifications in the transducer. The 
transducer can be either free flooding by making water 
flow on both sides of the reflector 24 or by making 
water flow only one side of the reflector 24 by adjusting 
the spacing between box 12 and reflector 24. 
Thus, an optical reflector which is adjustably at 

tached to a light box having a bundle of fiber optics 
transmitters and receivers passing therethrough is dis 
placed by an acoustic wave resulting from the pressure 
differential on the opposite sides of the reflector. This 
displacement of the optical reflector causes changes in 
intensity of light reflected by the optical reflector and 
carried by fiber optics receivers to a light detector. Due 
to flexibility in the choice of mass of the optical reflec 
tors used, it is possible to change low frequency re 
sponse of the transducer. 
Obviously many modifications and variations of the 

present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 

I claim: 
1. A pressure-gradient hydrophone comprising: 
a light-tight box having a first side and a second side 
opposite said first side; 

a cover plate attached to said second side; 
a source of light secured to said box; 
a light detector secured to said box; 
a bifurcated fiber optics bundle comprising a first bi 
furcated branch having a first multiplicity of fiber 
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4. 
optics guides and a second bifurcated branch hav 
ing a second multiplicity of fiber optics guides, an 
end of said first bifurcated branch being in commu 
nication with said source of light and an end of sec 
ond bifurcated branch being in communication 
with said light detector, said first multiplicity of 
fiber optics guides of said first branch and said sec 
ond multiplicity of fiber optics guides being inter 
mingled at the opposite ends of said first and sec 
ond bifurcated branches proximate said cover plate 
and passing therethrough; and 

an optical reflector having opposite sides, said reflec 
tor being adjustably attached to the side of said 
cover plate distal said bifurcated bundles, said sides 
being disposed to allow an incident acoustic wave 
to impinge thereon; 

whereby light is transmitted from said source of light 
through said first bifurcated branch and reflected 
by said optical reflector, intensity of light reflected 
by said reflector being proportional to displace 
ment of said reflector because of pressure gradient 
across the both sides of said reflector due to said 
incident acoustic wave impinging thereon, then 
carried by said second bifurcated branch and de 
tected by said detector. 

2. The hydrophone of claim 1 wherein said reflector 
is attached to said box by a plurality of pistons, said plu 
rality of pistons being secured to said optical reflector 
on one side thereof and to said cover plate on said sec 
ond side of said box; 

3. The hydrophone of claim 2 wherein said plurality 
of pistons are spring biased at ends connected to said 
cover plate. 

4. The hydrophone of claim 3 wherein said bifur 
cated fiber optics bundle is attached to said cover plate, 
passing therethrough, and having its end facing said re 
flector. 
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