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Refereric~e: (1) P. M. Ken~Uc~, 3. Acouat. Soc. Am. ,
33, 6?4— 6~6 (1961)

Abstract: ~i11i~3 ~~~oranth~i p:e~cnt~ ti~c design ~md perfox~~nce
c to.~’isticz of a rophone that is Intended for low
levol n~~.3e ~~~~~~~~~~~ in th~ uency ran ge fra ~t 100
to 3000 cps • 1~ is st~ucted of tour barium titanate
cylinders, ea.c~ ~ix inch O.D. by t~:o incho o long by
0.2 inch thick, that are mounted coaxia3.1,y end mechanic-
ally isolated from cach other and the end-plates. 

- 
The

whole unit is enclosed. in a ‘~iater tight boot . Th~~tree-
field. voltage responso of the hydrophon~ is about -~8~~~+1.3 db re 1 volt ix~r i~bar ~ r the specified frequency
range and is omnidirectional within +1 d.b in both the
vertical and borizont~~ planes over this a~~~ fre~ueney
range. The equiv~1ent ~oiae pre~ouie of the hydrophome
ve~ias from -91 cTh re I ~ber for a 1 cpa band at 100 cpa
to -102 db at 3000 cpa .
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Intro~~ction and Desi~~ Considerations

One limitation to the measure~~nt of low-level, underwater eeouatic
a n s ~l In the ocean is the level of ambient noise of the sea. Therefore .
if possible , it is desired to design a b ophone-an~ iffier system that
can detect this ambient • This men~rend.tnn r~porta on the requirements,
design and tests perb~d~n1.ng to the bydrophone of such a system.

A principal requirement of tha hydrophons is that it should have a
flat respnnse fron 100 cpa to 3 he. It should also have no resonance
In this rasge, be essenti ally omnidirectional , and have an equivalent
noise prea~ure veil below 10 db less than the ambient coi espomTh’ig to
zero sea state • This latter level is the value quoted as frequently pre-
vn~1lv~g in Thabo’ ~ay. The In~edance, which is almost entire ly caVacitive~was specified. to be about oue megohm at 20 cpa .

Since a lou equivalent noise pressure Is a ~~jor requirement, an
investigation vn.~ made of the ~iy6rophone ~ea’e~iaters that determine this
quantity (i~eference 1). It was sbotim that, for a cylinder, the square of
the equivalent noise ~~easu~’e varies a o~dnate1y as the thickness end
inversely as the product of the length i~., the cube of the radius. This
Indicates that the cylinQer should. be as large as possible and with a
wall as thin as Doasible. A oiz-inch dieiz~ete~ cylinder which reconatea
around 10 ke was considered to be .-~ out the dm~tn feasible size • In
order to mainta in c~~id.trectionelity to 3 he, the length should not ex-
ceed. 8 or 10 inche s (about X/2) . A t all thickness of 0.2 inch was
selected becanse a. t~im~ r wall might not withstan d the hydrostatic prea-
sure of 300 psI n thms n. Other factoro to be considered are the loss
tangent and the electro mechanical cotTpling coefficient because the square
o~.’ the equivalent noise pressure alco var ies a roxima tei~j as the first
p~wei’ of the fomn~r and. I verealy as the square of the latter . Bariu m
titanate was choaon prtnaz’i].y because it was me readily available In
this size . Admittedly, this is not the optimum m aterial , but it will
adequately serve for an evaluation of the design and should quite easiLy
meet the cpe&.fied requirements.
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ez~~ p and Construction

The constr ~etion of the bydrophona is sho in in Figure 1. It consists
~f four bar::um titanate cylinder s, each six inches 0. D. by 2 inchea long
by 0.2 inch thick, that arc mounted coaxlallj and mechanically Isolated
frcm sac~i c-2~er and the end-p1a. t~a. T~~ berium titenste cylinders are
n~o~nted. on rubber rings which are supported by pherholic c~rlithers end a
phenol ic riz.~g between the ends of the cylIu&~rs. Sin~c the rubber risga
are ~~t uplete].y coofined, they should provide effective isolation for
the bsri~zs tLt~n~.t~ cylinders. There ir~ three hollow m~~a1 posts on the
inside that serve tt~) ~purpos.s. They center the phenolic cylinders and
supi~xx1~t the two t~etal end plate s. The length of these posts are such that
the rubber rings are slightly cc~~ ressed when the bolt on the center post
is tig~iteae~i. The center pc~t is ju st ~3 ight1y aborter thsn ~~~ other thr~~s~ t the i~n~ ~lstes rest fir~mly on ~he cylinder location posts Uimder
bi~~ by~l~o~tctic pressure , the canter ~ost mI~j it  support the end plat e3 If
the ~~e~st~x~ vez~ sufficient to bend ~ zeu. A 3/16-inch hole s~ovn hi  each
of th~ phetolic cylinders is used. to ~::ing the electric leads from th~.
ba~~~~: t~.tat ate Lin&~ra to the izisi~ i. Doth electric al coun~et1c~r .m to
~ia  ~~ri~~ tti rr.ate ~~1-inde~ can be i~a~e on the inside because a ~1&ixd
ta~m on -~l~ inside leads over the edge ~~ one point to the ci~~si& of the
cy~~i~]er . ~i~e tour cyliude ra v~re coti~sctad in series in orde r to ineres.se
b~;th ~:he •~t~~ Itivity and the inpedancz~ cver the values thz~t vc•~1~. ba~i~. been
ob~,aIn~d. ~c:. psrai le2. connections. Th:u~ ~~ounts to 12 dl, in the ~~~si~~ c~ ty

a ~~~~~~ of sixteen In the I~~edance .

~~~~ the par~u of the hydrophone vero eli. w~~~~ ied~ the unit vt~s en-
•-~i:. I ii~ a tIc~i’~ fitt ing rubber boot and sealed at both ends irith t h .  b3o~;cI1’~p&. ~L’~~~ was ec~o~~lisbed by ~~~~ of a special boot ~~g in wh1e)~ the

b~ • ’ bo~ t ~ss in i~u~i~ a ma~~~r thc~t hot ~~ of th~ Io~t vere
s~ale~ to ~~ovide ~.n air ~~~~t space b~~~:eer~ the ovtside of the boot and ~~~has ir~ of the boot j~~ Cy1i.~I~~:. An o~enis~ to this spc~c~ was previde~ so
thet It cc.uild be e raeui~~ed., thus oxp~~~L~ the rubb er boot eno~~~ to ~1ip
t!~c h L~rc;~ rr~e into tb~: noa’r~ 1ly ~~~e .~iiz~ boot . A i~~x~us quszit±ty of
~~-~ i~~ ed c~.stor oil was poured Into the spa<~e between the byr~ropbone and.
the C~CE~3 ce~~c~ o1. va~ scp~~e~ed out ~o t~~t ~~e ~ubbsr boot ~iade intimate

~~~ th~ c - ~~ :i~ ~jlindeta . F~ui~l1y, th~ ~~~~ of the rubber boot
~t & :  ~~aJ.ed with boot c.~.em~ps.

Tests ar~ N u r~m�nts

The Lvophone was calibrated at the Lisek Y~osharumon Calibration Station .
• ¶I~~ free-field voltage reapon~e and directional patterns in planes containing

~~~~~~ 31T’iT2D

• ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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the cylinder azis ( vertical), ~nd planes normal to this axis (horizon ta l)
vera obtained. ~~~se are shown in Pigures 2 to 8, inclusive. The rominent
dip in the response at 1120 cpa, shown In Figure 2, is alnos t certain]~y due
to the properties of the nedlini anti its boundaries, and e~pesrs to be in no
~iay a chAracteristic of the hydrophone because the frequency at which this
dip occurred varied over a frequency range of several h~jndzed cpa as the
h~~~ophorie and projector (with fixe l separ ation and depth) were noved to
differeut positions in the well.

~~cept for the prcmthient dip, i2is response is easential],y flat with a
I~~Cn value of about -78 Dz re 1 vo ~ per ~bar. One db was added to the
measured value to aflov for the ca~Leulate~ loss in the cable which bad a
capacity of about 1275 ai~F.

The ilirectivity patte rns show that the bydrophone is ~~~idirectiona1
within + 1 db in both horizontal end vertical plus over the required.
frequezici’ range (100 cpa to 3 kc). The vertical patterns at 5 and 10 kc
are presented. merely to show the da~ree of directionality occurring above
3 ke.

Admittance meaourez~ nta were made on each of the barium titanate
ey11-nt~ rs in air before asse~~].y in orde r to determi ne the electromechanical
co~~1ing coefficIent end. the dielectric constant. measurements were
~nade with the bridge circuit shown in FIgure 9 which is aI~~],y a doublt
admittometer . The variable condenoer is first adjusted to produce a null
in the reading of V0 at a frequency well below resonance • The setting of
this variable condenser gives appr imate ly the cle~~ed admittance (the
conduct ance is quite low). Without changing thi s setting, the fiequency
of the algual is now awept through resonance. The reading of V0 is pro-
portio nal to the notional ad~nittenee end its naxisnim value gives the
d1~~~ter of the admittance circle. This is given by

~~

The Q may be deter mined, from the freque ncy of mezianu notional admittance
and the two quadrants]. freque ncies F1 and for Which

• D
not

T h e Q i s given by

=

• 
.,

~~~~~~~
• • 
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This di ~ris co~atar~t ~~~j • k~ ~~~~~~~~~~~~~~~~~~~ frct n the •~ensic•ns of t3 ~b~riu~ ~1t~~~J o cylinder ar~d th~ ~~~s~~c~L ~~ac~t~r. A~ Lh~~ :~:
~ ~~~ ele~~ntu were used ~“ . ~tii~~ squivale~t ~3o5 Be p r s ~~ resi~d

‘±~s~ 2ata ~
-
~ j  z~o~ be w~ecl to ~~Lt~ t~~ free-fie]A volt~~e ~~~~~~~~:x~ ~~ Q~~~~~ ~~~~~ is gi~~ . ~;y

~~~~~~ 2I 1~~ a k
300 -v e

z~ ~adiui~ 7.63 ~~
ie~t r t h~~Ic~~ ~ )1Ing coot. .0309

~ 10u

~ ~ii~’1I~ctric c~~~~~±’t = 1~~O

~~~ :~‘a~4~r 2-CO cc~~—~ t:; ‘~oltvi~~.~ lu ~~~~~~ to ~olts .

Th~ ~~~~~~~~~ ~~O11e giv~~ th~ sc~~ i~~~~V. ty o~ a 8i~j lo Cyl !~ c.~ &r.~.
:~1n~~ ~~~~ of ~~~ cae co~nc~cted in i1:~o~ the ~aydr opbone ~ens:~t~vi~~
~~.1! bc~ ~ot~r tines ~~ z~uth or 2C lo~ -

~
. ~Th g~eat2r . Thio rc~s’~lt tiirx~ d o~t

~ .71j.3 C.~ re ~o1t CoT u bar ) ~r~Lc~ c~~~~~c~ fcvora.bly wiUi the
mea~ured value of ~~~~~~~~~~~~ —.73 ~~ r~ 1 v~it per u bar.

m Lttancc~~~asu :ii~~ ~~r&~ a~:-~ ~~~~~~~~~ ov~’r the ~~~~~~~~ ~~~~ :~C~.) ~
to 3 kc, using a siviil&’ ::v~.t ~i~~; ~~ shown in Fii~urtc £0. 4. £O ,000 c~~sta~vi.rt~ ~~~~~ •

~~~~~~ ~~~~~~ ii~ ~‘i~~~t t i~~~ tL~ ~~C~ c~~ one ir~ or&~r to br ~r~
the equi~si.~r~ sht~:~t re~~. ~~cc 3f the ~c i~a~ion &vn to the ~ix~~ ob-
tain~bJ.e on the ~~~~~~~ ~ irto r ~cv plc~ed :~t~ lierallel with ~~r

i~~i€~ conder4f~~ ~~d resist or are s jus~~t . to giv.~
a ~z.’.U. I~~~~~~i~~ of V , ~L~~i ae tingt ar~ e~~.w~L~ut to t~~.t o~

op~o~~ ~th rnte~ by ~he ~ ) ~ r~�oi~.tor . ~~~~ ~~~ data., co~~ut~ . 1 of
~~~~~~~ ~~~~~ . :~~ ~~~~~~~~~ w~~’e ~~~~ for us~ ~~ cc~~ixting the e i~~len~ noia €~
pzc~~ure.

The a&i~ltten~ ~~a~ure~fr ~ntU , ~speci&iy the conductanees~ are quite
Inter ~~8tiI~3 becauz~ they chow in a ~�: ~ str1Jctn~ ~onner the rc~l9tt~ con-
tr ibut lona fr~~ tJt dieleCtcic ~ os~e~ ~ id that due to the acou~t~~ load
(mo~Iona]. c uct~ i~e).

• —~~~ —~~ - .-
- •~ •- •~
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2. ~~~ti~~~lit~r - Idirec~ioii~.1 ~dthin + 1 db in both ;~orizc;2t ~~
~~ ver~ical pler.ea for equencies u~ to 3 ke.

3. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V~~ios fro~i -~1 to -I ~1. ~u bar for a I c~s band frc ~ 100 c~c to 3 ~.c, pa tivei~r~, ~~ich is (
52 to 38 bolo~r the t~~~~ent n~,Ise ler~ilz of ~~~~~ ~tate 

~~
.

~
÷. ~~~~~~~ ~~~~~~~~~~~~~~ 

- i~~ ~~~eda~ce 10 cssentia ~.1y that d~e to
t~, ~2~~act :y C?f C~.(~~L7 ~ o? ~~~~i about 0.001 tifarad is due to the
c~~1e

In -~o 2 ~~i:-~ -
~~

-
~~~ evar—all ~rob1~z~ a~ ~~~ nx:~ig b y  leve! ~~~~~~~was i~arned t tli~ eç~uivs1ant noi ;e ~rcaaure of the sn~p1iti?r vas

~bctt 30 ~~ }~~gli~r than that of the b~’~~t~~oin ~~~~ the input to the
~~~~~~~ ~iu~J &~t.d that ~~ th.~ i &-o~~~~~ . ~~~~ wo~1~ :..ud±ct ~.te ~~~~ ~1~:

~y:t e~ ~~~~ L ~U5t b~rely ~~~~~ lev~19 10 ~~ h~~ x zero sea ~tett. ,. Th~~~
~~ ~~~~~~~~~~~~~~~~ things t~i~ ; ~tLght he~ie be~a Co~ a~ xt ~aii b~ done, to ~~re
~~~ si~~~ .:~cn. ¶~~ ux~e of ~~ with ~.t-; ~~~~~~ ~ou~j1i~~; c ef:ri~~~~.-~

~~~~~ i cre~3o • lGlvity ~~ the o . of 4 ~~~~~ ~~~~~ ~~-c~ ~tiic-:.
~~e~iieteru ~~ct ~o~il~1 ~~~~~~~~ ~hi.a ~~~~~~~~~~ ~~ nz~ th~ i. i’t.~i c.~~rcb.~.b1y ~i~1C :~.. ~-~~~~ -~:~e •S~~~L LC ~~~~~~~ as ~~~~~ w~thcut ~~~~~~~~~~~

~~~ ~~~~~~~~ /~t~i~~; ~~~ T&V be ~~)I~Cib1e ~O i th~ ~ 12L.iSE i~~~1
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