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A BS'I'RAC T

(U) A uniforrnly-sernsitivt, linte hydrophonle under
developmnent at the Woods Hote Oceanogr'iphic Institutwi n
lias be un used to rec eive broadband seismnic refle:ction
signals.

(U) The directivity characteristics of an adequately-
long continuous line sensor used in a broadband sound field

(less than 10 Hz To several kHz) are not easily obtained by
arrays of discrete sensors. Discrete element arrays in a

sound field of such wide frequency range inevitably develop
side lobes of full sensitivity at a number of frequencies at
various angles to the array. It is of particular utility that
the side lobes of a continuous line hydrophone are each
successively reduced.
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INTRODU'"CT'ION

(C) Dour lng tht pas" yea r long h-11*,' "s (30 1 3() Ol to') 3 U
t I IUOLIS -elcnItII(fit line 1 hydrfophlion ha'vi b'eeii Lpplied to'it.h d~i r tll
receq)Tion ot broadband sound. 'Linest hVd!: f)l.11(S•S, ULdiIl- dt-\'(•.up III(
at th-_, Woods Hole Oc ra nogrphic Institutiofl, ar' i (1 pa Ilv(- tc'tin. (I-We, s
kof ulliformi coaxijal co nfiguration. 'heilr (Ill-v ciouji ie as , ulied
an improved directional reception of broadband se ismic signa .s (f-o0ln

tess than i10 11z to several kHz) with e mphasis on The re, eptto0i1 of !hle
lower frequencies and on the rejection of noise.

(U) One of the more powerful technique s for determining 1he- sudi-
nment and rock structures below the oceans is that of ,-ontinuous seisnm1ic
reflection profiling. 1, 2 Continuous seismic reflection profil(:s resemble
echo-sounding profiles, but the broadband sound pulses used are ri i'h in
low frequencies and penetrate as well as reflect from the seafloor and
from acoustic discontinuities below. The spectra of these reflec-.Ions
can change geographically due to a change in the reflector's depth below
the bottom, as well as to a ctange in the geological structure of Lhe
reflectors. Broadband sound is employed intentionally so that the
frequency dependence of reflections from the seafloor and the formalions
below can be examined. It is therefore important that the receiving
hydrophones also have a broad response.

(U) Since profiling is an underway operation, the towed receivers
cannot be far removed from the ship which is usually a sizeable noise
source. This noise background is most predominant in the infra -sonic
(sub-audio) to lower sonic range and noise spikes are common.
Additional noise, through. which the broadband signals must be received
is created by towing the receiving transducer through tne water. Since
the average spectra of the noise and the seismic reflections are often
similar, a receiving tran-.ducer has been sought that would discriminate
against both ship generated noise and towing noise, receiving preferentiaj'v
the broadband reflected signals from the seafloor.
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(U) A ri'ru c't)ntinuouLs h e 5 1.-01 - ) ()f III A I'ti11S lti d' IIoI•l.

fior such aI 'Isdu I" h,.rs l llN, owI , lllftx i l l ole•l ly . i rfe' ( , V V -

well as Lteluatt. direetivity' for all fr'-]ue.ciýs having wa(e le.n .ual

to or less than the length ,)i thit linct. SuchI iI r pos ls e . i111 (a s i Nl oblad ,ied

with art'rays made of di-rt ret c , I'cc ivig che rtnut s. Bolh au iulti - t el• l c

and a c ontinuI ust linte array ii guitwlltIaI'. ' l cilv Lit peaik r•esponse ,hose

SOu.lnds whose path is norialI to tile line. Wh•ein all anLar ray of 0 . - e ( nlf•'

is used in broadband applications, however, side lobes also deveýlop peak

response at angles other than 90o depf.nding on the wave1ength of tlhe sound,

the clement spacing, and !he direction of propagation w ith resp(,(t to ine

axis of the array. In comnparison, tile side lobes developed by a cont inuous

line hydrophone always have less than peak response. If any sound

(including noise spikes and self-generated tow noise) is not received

simultaneously along the full length of the continuous line, 1he response

of the line is significantly attenuated by the shunt effect of that part of' he

line wnich is not similarly insonified. This effect is not realized with more

conventional arrays, in part because of the space between elemetns.

(U) Examples of the difference in response between a linear five-

element array and a continuous line hydrophone are shown in Figure 1.

In these diagrams the response as a function of the angle b(tween the

sound ray path and the axis of the array is snown for frequencies _which

have wavelengths equal to the array length, equal to one-half the array

length, equal to one-fourth, and one-eighth the array length.

(U) A search of the relevant literature has not revealed any extensive

use of capacitive line h3,drophones in underwater acoustical applications

Stein and Wallace 3 and Repici 4 , have made some use of a ribbon- like

capacitive line hydrophon, in their sonobuoy work, and Hunt and others

at Harvard 5 , have considered the application of the microphonic and

capacitive characteristics of coaxial cables.
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t() Jit te I u in Ig th ((C k'I It 1 ILV )LIS I I it h'I,'tl I-() ph(t) I f Vi u t , 2 hO Hý IYiI~ I

o t1c eet P - v tetr P ro fI IIl g t'I d - ()b t i I d \% I i i Ii 'i) Iintti'!1 W'lgl II(i

tline h.droplkice1 anld \VOia iv c elin 't ýtlrIY M11.h! uis og at1 h e ' 'c

-;parII-k s ouniId s oui -cec% wt I 8 0 k IIo(j ()ules o fst to -i dt -( c1r I -I- ' , Ih11 lo,( I,\

or' WHOLINE as it is calle-d, was towe,(d ')U mnicts 1)(1hjnld theth- p
pr')pe II o zs. A\t tht -;ýtitfl t; ie the k fI v ( -cieteýI(-III(ýIi !,II irr v of 1 I) V L Ike P It

t ransduce rs was towed 130 nietet's a i cit r, a di sta li-c' al III ich , )I, haý (K-L

gYround tO\Vingy noise rekceive d by the a i'ray wa,.s grcLlt('r thaiL1 ()I. (e(ULil uIh

ship-genlerated noise The Spee2d of the ship w%'as aibout 5. 5 kriw-'. sThe

rece iving bandwidths of the twNo exa mple-, we!re essentially the same an
gains wýere adj usted to make signal levels roughly (:qUwA Si rfila,- ' reultS
were obtained under less aidvantageous conditions when thec WHOLINE %%as
towed only 25 meters astern.

(C) Trhe coaxial line consists of strength memibers and aiuxiliary
conductors in the center surrounded by a buoyanc~y control maiterizal such
ais dense foam or solid polyethylene (Figure 3)6.Acailcpitrwh

flexýible toils and a compressible dielectric is built over this central cLore.
A waterproof, abrasion- resistant, outer sheath covers the entire line.
The outside diameter is rough.ly one inch. These hydrophones are quite
rugged, particularly a later model having steel strength members. Thie
hydrophone can be run over sheaves and otherwise handled like ai light-11
weight cable of similar size.

(C) The capacitance of the hydrophone is about 15M' pica farads
Per meter at 20cC. The change in capacitance due to acoustical pressur~es
has been detected by charging the line capacitance to some poten-tial and
then amaplifying the chaange in potential due to variations in capacitance.

(C) Rates of change of capacitance wit~h temperature anid pressure
for 0. 3 meter-long samples of tae hydrophone have been measured in a
pressure vessel. Samnples of the type of hy-drophone used to obtain the
records shown in Figure 2 have a fractional change in capacilanice of
about 10-8 per ubar wNhicni would predict a sensitivity of about -i12 db
re 1 volt per ,ibar for a cniarge voltage of 100 volts. A second less
sensitive model used successfully in shallow water wNork has a fractional
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in~~~~~~~~ vaa ii~c~Iau~U tX 10 8 j)It d(' I!L' L~ 1 1

a -o 130 dLi) rct 1 %(oIt jPt1' "~bar at ai )oaIdiIZI 11g %'l()I* PMJ' V!j'~~ I
d\'edg.~fractrotici ('11'rnlgr Ini k"Ta 1jzivtawtu ov\e1. 11"'- ~nti i>~

Ii "o 3N lo'; "~barl-1,Igug( i:-; a [Unction1 Of tteI11I)'0LIU t' ",)I'(.3ii~I

Of thekse tw~o calis -zhovn1 in FigUi-C 4.

( (1) 'Fhese, st-risit rv~tv value's art'( in1 9(111-1-'1 % i-ni n ih iixil,

nitaSurrn('11C't. nmade by Comparing bottomi evhot, signdl ltevols L1ltIe(W\

re. e vedby the Ii tle :.11d other hydr Piophole s. The fil(-d eiSeinns

vie ldeil sem ewxiuAt highier' sesi iivitVU,', about -U5a to 105 (1b 1-( 1 'v'a 1 perI
"uba r at *dJ'C v it h zi c ,a ge volta gt- cf 100J v oills

(C) The mate rials of the compre ssible diele t tic-, shteath, anid out er -
foil stiffen at low temperatures. 13ecause both the (lpacit itancc: oi a un~i
length and the inc remnental change in capacitance with pre ssure decr-1eaSe-
with terrperature, there is a loss in senisitivity at low temperatures.
Character-istics of other materials are( being inves',-gated.

(C) Preliminary measurements~ of the frequency response of ',he
hydropnonie indicate it has a useful f'requency response from static
pressure to ab3bout 10 kHz. For ex.ample, 12 kHz echo soundings ha-ve
been received in addition to the low frequency seismic reflections. In
actual use, however, any deviations of the hydrophone from a straight
line has the effect of causing the hydrophone to act as a low -pass filter
and such deviations are somewhat difficul't to prevent wkhen towi,,ng a
long line.

(C) A number of measurements of tow noise have been made on
the 30-m-reter lengths. Although the analysis is incomplete, the tow
noise appears to be related to a combination of the length and frequercy
response of the line, and the frequency of vibrations along the tow,% cable
and the line. A red-.uction in tow noise has been noted as speed is increased
from five to about eight knots which may result from anl upward shift in
the frequency o' vibration.
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CONCLUSIONS

(C) Although thins work is still ini an early ost•ig of ueveloptilel',.
it is clear that tile unique directional ,hr arac' erislics of a truly (011-

tilLuous lin!e hydrophotie art' of valuc in thle I-ecep1ioll o )I'f |roadba id oimllid
signals as has been demonstrated in seismic refiection profiling. Al

though a Single line CaLnot be steered. groups ()f 1ines an. A piece of
line, arranged as a segment of or as a conmplete circle, or as a (1ross

of several lincs can provide an additional dimension of directionality.

(C) There are at thzis tinmle problems of pressure and ett.npelature
effects related to the choice of materials, as we11 as variations in
sensitivity from one piece of the manufactured material to another.
In spite of these problems, the cost of experimental lengths is (currentl3,

less by an order of magnitude than the cost of conventional linear multi-
element arrays. At these costs the selection of suitable pieces from

large runs of material is a practical venture.

(U) This work was supported by the Office of Naval Research under
contract Nonr-4029. The assistance of W. E. Witzell, K. E. Prada,

F. L. Lynch and C. B. Morehouse of the Institution's technical staff is
gratefully acknowledged.
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