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The invention described herein may be manufactured 
and used by or for the Government of ‘the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. ‘_ I 
The ‘present invention concerns a‘ hydrophone. In 

particular the invention concerns a line hydrophone that’ 
makes use of a stack of alternate active-element cylinders 
and isolator cylinders that isolate from shock, vibration 
and sound; the stack is also isolated from shock, vibra 
tions and sound of the vessel in which the line hydro 
phone is mounted. ‘ - 

The active elements of line hydrophones may be. com 
posed of piezoelectric ADP or Rochelle-salt crystals, 
magnetostrictive materials, or electro-strictive. ceramics 
such as barium titanate. In the prior art such hydro 
phones customarily have been‘ mounted upon frames of 
metal rods and housed in pressureproof boots. 

In one prior art construction a small expendable line 
hydrophone. has been constructed from ‘active-element 
cylinders stacked end to end and held. togetherbytwo 
end pieces fastened to a single threaded metal rod mount 
ed concentrically along thelongitudinal axis of the cylin 
ders. This hydrophone construction is satisfactory for 
expendable units. However, this construction is far 
from satisfactory for hydrophones designed for ship 
board use because there results a reduction in sensitivity 
and because for shipboard use such factors as strength, 
rigidity, and mounting are critical. These critical fac 
tors make impossible the construction for shipboard use 
of hydrophones three feet long or longer by such method. 
In addition, because the elements of the expendable hyd 
rophones are not separated and isolated from each oth 
er, some shock, vibration and acoustic short circuiting 
occurs. Moreover, there is not provided shock, vibra 
tion and acoustic isolation‘ against own-ship vibration; if 
one element is excited by a local noise, the remaining 
elements are similarly affected. 

It is an object of the invention to provide a line 
hydrophone. 
Another object is to provide an inexpensive directional 

hydrophone that is suitable for sonar applications. 
Another object is to provide a low-impedance, high 

capacitance, acoustic generator which can be used with 
relatively long lengths of standard cable without causing 
the generated voltage to be attenuated seriously. ' 

Another object is to eliminate phase and amplitude 
response as functions of the orientation of the hydro 
phone. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 
The single ?gure is a perspective view of a preferred 

embodiment of the invention with parts broken away 
for clarity of illustration. 

There is shown a hydrophone comprising a square 
brass contact rod 10 nested in a longitudinal surface slot 
11 milled in a round stiffener rod 12 of acoustic isolator 
material such as Formica or wood. Small screws 9 
hold the square brass contact rod 10 in place. The 
round Formica stiffener rod 12 is wrapped with an 
acoustic isolator blanket 13 of material such as rubber 
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being Celtite. Absorber blanket 13 has a longitudinal 
opening that exposes square biass contact rod 10. Ten‘ 
cylinders 14 of elect‘rostrictive ceramic such as barium 
titanate and nine cylinders 15 of acoustic isolator material 
such as polystyrene are stacked'coaxil-ally and alternately 
on absorber blanket 13. Inplace of barium titanate 
there can be used other alkaline-earth ti-tanlates and in 
place of’ polystyrene there can be used other acoustic 
isolating material. The bariuin titanate cylinders 14 are 
electrically connected’ in parallel by a longitudinal ?a-t _ 
brass strip 16 soldered in two‘ places ‘18 to the outside 
ofeach barium titanate cylinder 14 and by two small 
wires‘17 soldered to the inside of each barium titanate 
cylinder 14 and to the square brass contact rod 10. 
Polystyrene end spacers 21 and Celtite end spacers 22 
are ?tted on round Formica stiffener rod 12. A brass 
endplug 23 is secured at, one-end of round Formica stitf 
ener rod 12 by set screws 24;v a brass cable end ?tting 
25 is ?tted at the other end. A cable 26 including a 
pair of electric conductors 27 and 28 is connected to 
the square brass contact rod 10 and to the ?at brass 
strip'16. A. porosity-free neoprene rubber boot 29 that 
is. moistened on the inside with‘ castor oil is- drawn over 

'the assembly. A rubber seal 31 and a clamp plate 32 
are mounted in place and held there with nuts 33 and 
lock. washers 34. The assembly is evacuated and, if 
desired, ?lled with castor oil. A pipe plug 35 is screw 
ed. into the brass end plug 23 and a brass restraining 
tube 36 is forced over the neoprene rubber boot 29. 

In operation, acoustic energy transmitted through the 
water impinges upon the barium titanate cylinders 14 and 
is converted into electrical‘ energy which is transmitted 
through the cable 26 to conventional electronic equipment 
(not shown) providing for either audio or visual presenta 
tion of the received signal. 
This hydrophone has the advantage of being inexpen 

sive to manufacture. The acoustic insolator cylinders 15 
between the barium titanate cylinders 14 provide protec 
tion against undesirable shock, vibration and sound being 
transmitted from one barium titanate cylinder 14 to others 
in the hydrophone. This feature has not appeared in pre 
vious. designs of line hydrophones. Because of blanket 
13 the individual barium titanate cylinders 14 are isolated 
against shock, vibration and sound which in other hydro 
phones have been transmitted‘ through the supporting as 
semblies. The neoprene rubber boot 29 not only offers 
protection. from shock and vibration but also facilitates 
the transmission of sound to barium titanate cylinders 14. 
The frequency response from the hydrophone‘ is good 

in contrast with magnetostrictive hydrophones in which 
response characteristics are poor. The impedance of the 
hydrophone is low in contrast with crystal hydrophones 
which have high irnpedances. 

Because the sensitivity of the barium titanate cylinders 
14 is good, there is no need for transformers which cause 
phase distortion. This is especially important when two 
or more hydrophones ‘are used for the purpose of phase 
comparison. 
Inasmuch as the barium titanate cylinders are cylin 

drical, equi-phase and equi-amplitude response is pro 
vided. 

Obviously many modi?cations 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 speci?cally described. 

I claim: 
1. A hydrophone comprising a stiff ?rst rod, said ?rst 

rod having a longitudinal surface slot, an electric con 
ductor second rod nested in the slot, a blanket wrapped 
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about said ?rst rod, said blanket having a longitudinal 
opening exposing said second rod, a stack of cylinders 
mounted coaxially on said blanket, said cylinders includ 
ing alternate active elements and spacers, means elec 
trically connecting the insidevof each element with said 
second rod, a longitudinal electric conductor strip out 
side said stack, means electrically connecting the outside 
of each element with said strip, and a sound-transparent 
and impervious boot inclosing said stack. 

2. A hydrophone as de?ned in claim 1 in which said 
stiff ?rst rod is formed of Formica, said electric conductor 
second rod is formed of brass, said blanket is formed of 
shock and vibration and acoustic isolator material, said 
spacers are formed of polystyrene, said longitudinal elec 
tric conductor strip is formed of brass, and said boot is 
formed of porosity-free rubber. I 

3. A hydrophone component comprising a stiff ?rst 
rod, said ?rst rod having a longitudinal surface slot, an 
electric conductor second rod nested in the slot, a blanket 
wrapped about said ?rst rod, said blanket having a lon 
gitudinal opening exposing said second rod, a stack of 
cylinders mounted coaxially on said blanket, said cylinders 
including alternate active elements and spacers, means 
electrically connecting the inside of each element with 
said second rod, a longitudinal electric conductor strip 
outside said stack, and means electrically connecting the 
outside of each element with said strip. 

4. A hydrophone component as de?ned in claim 3 in 
which said stiff ?rst rod is formed of Formica, said elec 
tric conductor second rod is formed of brass, said blanket 
is formed of shock and vibration and acoustic insolator 
material, said spacers are formed of polystyrene and said 
longitudinal electric conductor strip is formed of brass. 

5. A hydrophone for use on ships and other places 
where the transducer part should be free from shock, 
vibrations and sound from the support on which it is 
carried, which comprises an elongated, rigid stiffening 
member, vibration isolating means surrounding and in 
contact with said member, a plurality of cylinders of elec 
trostrictive material surrounding and mounted approxi 
mately concentrically on and supported by said isolating 
means and arranged end to end therein in spaced apart 
relation, spacers of vibration isolating material interposed 
between said cylinders on said isolating means and each 
abutting end to end with both'adjacent ends of said cylin 
ders which it separates, end elements secured to the ends 
of, and of greater diameter, than said member, a multi 
wire cable passing in water-tight manner through one ,of 
said elements, means connecting the ends ‘of said wires of 
said cable, one to the outer faces of said cylinders and an 
other to the inner faces of saidv cylinders, and an acous 
tically transparent, ‘moisture impervious boot extending be 
tween, and coupled water-tight to, said end elements and 
surrounding and enclosing said end elements, said isolat 
ing means, said spacers and said cylinders. 

6. A hydrophone for use on ships and other places 
where the transducer part should be relatively free from 
shock, vibrations and sound from the support on which it 
is carried, which comprises an elongated, rigid, stiffening 
member, a plurality of cylinders of electrostrictive mate 
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rial arranged in end to end alignment, but spaced apart, 
and through which said member extends, acoustic isolat 
ing means interposed between said member and said cylin 
ders ?tting the space between them, and supporting said 
cylinders, vibration isolating, spacing means interposed 
between and abutting adjacent both adjacent cylinder ends 
between which they are disposed and keeping said cylin 
ders in said spaced apart relation, end elements secured 
to the ends of, and of greater diameter than, said member, 
an acoustically transparent, moisture impervious boot ex 
tending between, and coupled water-tight to, the exterior 
periphery of said end elements and forming with the end 
elements a closed envelope around and snugly ?tting said 
cylinders, wires having water tight entry into said en 
velope, and means electrically connecting one wire to the 
outer faces of said cylinders and another to the inner faces 
of said cylinders, whereby said cylinders will receive or 
transmit sounds through said boot, and have minimum 
sensitiveness to sounds, vibrations and shock from the 
support on which said envelope is mounted. 

7. A hydrophone for use on ships and other places 
where the transducer part should be free from shock, 
vibrations and sound from the support on which it is 
carried, which comprises an elongated, rigid, stiffening 
member, vibration isolating means snugly surrounding 
and in contact with the periphery of said member for the 
major portion of its length, a plurality of hollow cylinders 
of electrostrictive material surrounding, mounted on, and 
supported by said isolating means and arranged in end to 
end but spaced apart relation therein, a spacer of vibra 
tion isolating material interposed between and abutting, at 
its ends, with each adjacent cylinder end and of approxi 
mately the same radial thickness as said cylinders, end 
elements secured to the ends of, and having cylindrical 
peripheries, an elastic moisture impervious, acoustically 
transparent, electrically non-conducting boot surrounding 
said cylinders and cylindrical peripheral parts of said 
end elements to form a moisture tight enclosure around 
said cylinders, and two conductive means entering said en 
closure and connected respectively to the inner and outer 
faces of said cylinders. 
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