
r
V AO— AO M8 853 NAVY ELECTRONICS LAB SAN DI EG O CALIF FIG 20/1

LOW—FRE QUENCY AMBIENT OCEAN NOISE INSTRU MEN TAT ION. (U )
SEP 55 8 0 BARBER

UNCLASSIFIED NaeTM~ 13G NI.
I p

_ill _

L~~~.



technical memorandu m no. ~~ i~ _

- -u

H ~~~~~~~~~~~~4~~~~~~~~7

H 
_ _ _ _ _ _ _  _ _

.

.

~~~~~ 

~~~~i=

D D~~~
. 6  U JA W 26 1978 j

K
,

- U. S. Navy Ekctro,ücs Ltbor.Sory, Sa* Diego 52, ~aJifon.S~

• DW~~~ UTION STAItMENT A
-

Di*tyibutiou (Jnlimited
‘7



—. — - I

f uns
~~~ ;r~~~ a

U5&NIW VI £1 a

SiSTlttWflI5/l y~4~gj~[(~y ~~~
!St UAIL IUI , VfGIM• ~~~• P1~EFACE

This aonorandne describes inatrueentatioo developed by Code

2322 for the moasurOment of’ low-frequency sabient ocean noise.

This memora*du~ has been prepared because it is believed that

certain feat ires of the tnstrta.entnttoo and techniques may be use—
• ful to others voricing in allied fi elds at the U. S. Navy Electronic.

Laboratory, and only ~ ‘f l  distribution outside of the Laboratory

is contemplated. This wmorandne should not be conslrind as a

report as its only ftmction is to present for the infcr~ation of

others a portion of the work being done on the ambient nail.

program.

• Some of the features believed to be of general interest are

the ise of transistorised electronics and the use of lightweight,

easily handled deep sea equi i.ent.

I

1

~~~~~~ ~~~~~~~~~~~~~

—

~~~~~~~~~~~~~~

-

• 

-
- I



~ 
~~~~~~~~~~ ‘~ - —-— —-—-

!ROOUC?ICII

• 
-

, 
- )leMiers of the Noise and Exploratory Studies ~~anck, along ~tth

others at this Laboratory and e]ae~thers, have in recent years .shibited

considerable interest in low.frequsncy ambient not., in the ocean. In

particular the egtcai belay 1,000 c~clea per econd hal been of ifltersst.

The absolut, levels, the apectr~n, directionality, ~~ac. correlation,

di.tr ibuti ~u of amplitudes, and the effect - of natural and man made

parameters an these qman titiea have been of interest. The laboratory

was not able before mid 1954, ho,vever, to enrage in any measurement

program designed to answer these questions.

Information on the low-frequency end of the audio frequency sç.c-

tx-en is of interest as both passive and active sonar eq~4p—e.t operating

frequend es are being i’educed in efforts to improve range. In past

years this Laboratory and others have gained sons infoiuation abodt

= noise in this region. Usuelly, however, it has come as a side re,ul~
in other programs such as propagation, submarine. nsi~e, geoph~~iál or

Safer studies.

Some East Coast laboratories have recently engaged in studies iii

the region of interest. The work at Coltudi. University’s Hudso n labo-

ra-~- rjes and at the a.U ?e1~p~sone Labora tor ies, I n .  has been note-

worthy. Reports of the N~~p~~ Lsibontorias1bav~ ,i~s.lad instrmes~tø—

tidn method s which were eattqfsetory for their task and ours, and theM

;: i s t , H d o ; a o a ; o i s P f l j c; 
_ _Report No. 19, ~Issveetigation of Ocean Aail~ snt Noise at Lmv Pr.qusci .s;

Part I, Iuatr sa.nta tioe and Analytic Methods , by A. J . Savr end A.
Berman. 15 Febxuexy 1~54. (Confidential).
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— methods hay. influenced our instromen tad on to a consider able xtent.

5, 

-

- As long as one is Interested only In aeue’ing. ~~ 4,nt noise
ci... to ~sors in shallow water the approach usnally Involves us ing
a bottom-momated hydrophone and a wire or utre-redic link to the
aonitorI~g statio n. This method is useful. in asiwing pressuire
flucematiosie of as low as tidal frequency.

When one is intereste d in ~~asiar Qnsnt far fron shore In desp
water a differen t systen is needed sad several risquiranente sest be

•

• net. The monitoring station (presneably ~~ip or aircraft) mast radi ate
no noise which would be picked up by the bydtepho ns. Eqial ly tsq ortsat ,
the b$rophcne must be motion less with respect to the wate r as motion
will introduce false signals into a lov-fr’eqismeey system In a mabor
of vays. The hydr ophon. must, theref ore, be isolatsd fro, surface

-

~~~~~ = aM-aonito*1ng platform notion . If a couenecting ceble is used it mast
• trans mit no notion - to the hydroplian. dur ing a~ensm’emsnt p.riods.

Other considerat ions include stati c pressur e and temperature effect s
- on the hydrophone and adequate a4gIt&l~to~notue ratios In the qotetses

seas.

a 
Figure 1 is a block dia raa of th. present Instremset adon. The

vert ical dotted line separates the shipboard components from those In
the water. The blocks shown are for the most part ping-in subass,nklj .s.
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The purpose of using plug—in units of a few standardised type s is to

reduce equipoent “down tine’ at sea with a miniame of spare ports.

The system has been designed to obtain record ings of ambient

ocean noise In the frequency range of 1 to 1,000 cp. and at hydr ophone

depths up to 4,000 feet in all sea states.

S 
Following the e~iperience of the Hudson Laboratorie s it was

H decided that an approximately neutraUy buoy-ant hydrophone connected

1’ by a long slack cable to a monitoring ship should be used. Since the

hydrophone assemb ly was to be neutral in the water it would be csun—
• 

- 
tial ly motionless provided the cable did not cause it to move due to

sur face m tion tran srtttted down the cable or due to the weight of the

cable . Hence a slack, neutral ly buoyant cable was investigated . &

two-conductor cable made neutral by the use of a considerable amount
• of polyethylene jacketing (specific gravity : .92) could be obtained

at a cost of about $100 per thousand feet. The cable ont side diameter

was .32 inches and the breaking strength was 300 pounds.

While this was being considered , the success of the Hudson Labo—

retories In usi ng a smaller U. ~. Army Signal Corps field cable came

to our attention . This is a twisted pair of wires, individually
4

covered in polyethylene with a nylon j acket. Each conductor consists

of seven strands of .011 inch wire, four strands being copper and three

strands being steel. Each jacketed conduct or has an overall diameter

of .088 inche s and the twisted pair has a breaking 8trength of 200

pounds . The cable cost is about ~].5 per thousand—foot pair and is
nvailable under U. S. Navy Stock Nunber 01—15—0.39125. The cable in

~ 
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sea water weighs only about foiw poinls per 1,000 fast . Compared 4th

the neutral cable discussed above it is aich cheaper, more f3exibls,

occupies less volta., is easier to splice and does not require a level—

winding winch. On deck it i. lighter; 10,000 feet can easily be hand—

carried oabo,rd on a portable reel vinch. Hence a ship’s winch ii not
* needed and flexibility in the choice of ships is achieved. The small

weight of the cable in water i~ believed to be no seri ous disadvantage

• and , aside frorn a certain amount of care require d, to prevent damaging,

the wire is quite satisfactory. Reeling in speed is li.r!lited by the

strength of the ‘di’. but at ~,re sent the wire is reeled in at 300 feet

per minute by a 1/2 horsep ower motor with a frict ional drag due to

several thousand feet of wire and the hydrophone assembly.
• ?o th~ left of Fig~re 1 is the bydrophone assembly. The h$rophon.

itself ii a bariin titanate cylinder six inches in dia~neter and four

I and one-half inches long, designed and constructed by the NT~t Transducer

Branch. It is designed to cover the frequency rang e of 1 to 1,000 ape

with a usable res,onse at 7 XC for a reason to be discussed later.

Th. designed open circuit volta ge sensitivity is —80 db re 1 volt for

a sound field of one microbar and the design capacity ii about -.024

microfarad~ - Complete calibrati on of the imit is pending, bet pr eli-

a.thnry calibrati ons indicate a sensitivity of —75 db re 1 volt /1
aicrobar and capacity- .006 ~jçj i’ofarad.

1 )• 4

To compensate for the weight of a certain amount of the cable

the h~dropbon. assembly is and. a few poued~ light of neutr al buoyancy
.5
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so that the vii’. from ship to hydrcpbono u sia.’ a catenary shape .

Were it not for differential drift between hydrophone and ship, the

hydrophai s assembly would assisse a depth such that the weight of its

portio n of the slack-wire catenary would balance its positive bue~~
ancy and the system would become motionless, with depth control led

- by the aaoimt of cabl e out. In practice, however, the two tend to

H drift apart aad more cabls must be paid out to ke.p ft s]*dt. To

date only ab out 3,000 feet of cable have been used but plane call for

the use of 10,000 feet or more . This should give satisfactory acoustic

~ 
j samples of thirty minutes ’ to two hour s’ duration depending upon -the

differential drift rate.
‘
~~ -

. ~~cause the hydro !pbone has a negative buoyancy in water and

- I because associated preamplifier and batteries likewise add some weight,
-

, ‘ the housing in which the electronics are installed was made to bars

enough buoysncy to make the whole assembly a few pounds light of

neutral . A cylindrical aliainun housing was designed by the Mar ine

Equipnent Section of the N1~L ~tethantca1 Engineering Division. The

I housing is approximately thirty”.two inches long by nine inches outside

- - 
diameter, and i~ made of one-fourth or fi’ve-siztsentbs inch t~~~ng. —

- ‘ I One end is welded shut and the bydrophonc and all stuffing glands at,

ountsd to the other end which is removable along with aU of the

interior electronics. Figure 2 ii a photograph of the ua*nbled imit

while pigure 3 shows it vitb ~he pressu r e case removed. me omit is

self—towered by two —45 vo1~ *A-63 batteries in series, and four

six—volt BA—210 batteries In $zsllel. Battery life is about twenty
I’

hours.
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To assist the hydrophono assembly in sinking rapidly to the

desired sai~ 1ing depth an extra weight of about ten poa~ e is attached.

This weight is autouatically re leased at a pr o—set denth by a pressure

actuated release nechanisTi .

The electronics cc.nstst of several plug-in units. The prea mplifier

is a unit with 28 db of voltage gain and an output impedance of 250 ohes.

The equivalent input noise spect rir levels when used with the hydra-

phone are —143 db at 40 cps and —l58 db at 10 ICC ; beth valuea are in

ref. * ence to a one volt input level.

The circuit is shown in Figure 4. It is a feedback stai~i !.ized
I omit of four stages: tr iode amplifier, cathode fo1low~.’, grounded

r I emitte r transist or and gr~unded collector output. A 10 che resistor

is in series with the hydrophone lead to permit the insertion of a

calibrati on signal while the irni t is on deck.

Another plug—in unit is a transistor am- lifter which works in

conjunction with a Vibratron pressure gauge to ~~ve osciUati ons,

the frequency of which indicates hydrophone depth . Figure ~5 ~~~~~~~~~
— the circuitry involved. The Vibratron gauge, made by the Byron—

J ackson Company of Los Angeles, consists of a taut wire in a. megeetic

field. The wire acts as a p~’ra1le1 resonant cironi t when a ‘,oltage is

applied to its ends. The resonant freq iency is the mechanical resonant

freq uency of the wire, in-th is case, around 3 KG . Pressure changes

L in the measured rne~iiom change the tension on the wire am! hence the

resonant frequency . The unit togethe r with the asiocinted amplifier

fore. an oscillator, the output of wh ich is introduced into the

7 
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hydrophon e preamplifie r and hence up the two—conductor cable to the
-: ship. The unit measures 0 to 2,000 psi press ur e giving an output

I
- which varies from 3,210 to 2,875 cpa; this falls in one of the !{l)B

- recamiendcd telemetering channels.

Spaces for other plug-in units arc available and likewise other
-
~ s telem.tering channels are avai lable for supporting data. A t~q cra-

tur e—ind icating oscillator is under development and an accelera ti on-

indicating osci llator is being considered. Since acosatic data up to

1,0)0 cpa ar. of pr&~ary interest , much spectrin remains above this
- 

- 

- for other data .
- .J
~: ;~ All cable s leave the interior thro ugh double watertight seals.

4 three—conductor plug adjacent to the hydrophone allows electrical

calibrations to be made when the imit is on deck. The omit is tuined

on and off through the use of a shorting plug.

Since transistorizing was helpful with in the submerging hydrophone

‘ assembly its use was contemplated for the surface electronics. Points

in favor of tran sistors were freed om fr~n 60 cpa bun, de reas e in ii..

and weight, perhaps an incre ase in reliability and freedom from IC -

power requirements. This last is of some importan ce since a ship ’s

r normal power sup~1y is turned off during moasurtn en ta to cut down

radiated ship noise. At present a vibration~iso1ated AC generator
- i. required for recording and monitori ng equipsan t sal the eventu~1

abandoement of even thi s is contemplated .

For the surface instr*aentaticn the use of several etandudi~ed

plug-in units - is desirable. P~rbapa most important is a. feedback—-

-; 8
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stabilized volta ge amplifie r of 40 db gain and a frequency response

- ~~
- flat frost I. cps to above 10 ICC. Input ii~ipsdance is 60,000 ekes and —

I output impedance is 3,500 ohms. Since the unit noiwelLy works from

a six-volt batter y, the output volta ge is kept below the one—volt

1U4S level to minimize distorti on. Another pl~~uin unit is a grounded
S

collector unit which gives essentially unity voltage gain but an

Impedance reduct ion by a factor of about ten. Still another plug—in unit

is a 7.2 ~~0. oscillator. This imit uses a point—contact transi stor

satisfactoril y although the unit may be redesigned for the more depen-

dablo junction transistor. Figure 6 indicates circuitry of these

plug-in units. These units do ndt necessarily indicate opthsue design

but tb~~do work satisfactoril y.

— Another look at ~igurg 1 indicates that the signal t ransmitted

up the cable contains both acoustic inforztation and auxiliary data -

on hydrophone depth , etc. Onboard ship t h e sigw l is conveyed into

separate channels. *1.1 of the freq uencies present are fed to a

variable 50 db attenuator , th ence through plug—in amplifiers to

monitoring and recording channels. At present the reco rd ing is done

on two magnetic ta~,e units. The pri .ary recorder is a factory—

modified Ampex, model S-3462, which has a recording frequency rcs~’onse

good from 10 cps to 7,500 cpa when recorded at 3- 3/4 ips and played

back at 7—1/2 ips. The other recorder is a direct recording Stencil—

• Hofi~an, model lU—IS, which has a record speed of .2 ipe and wheO-

played back at 7-1/2 ips wiU reproduce recorded frequencies froá

.5 to 200 cps.

9 -
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- Still referring to Figure 1 it is noted that the high frequency

Information is fed into amplifiers and then ce to telemetert ng band—

• pass filte rs. The coupling condensers shown are of sudt values that

- 1ev frequencies are much attenuated. An electronic frequency meter

applied to the filter outputs will Indicate hydro~hone depth or other

• telemetering quantitiee• The bottom band—pass filter feeds the stylus

of a chemical range recorder through a 40 db amp lifier. The keying

circuit of this recorder keys the 7.2 ICC oscillator whose output is

amplified and driv es a mnaU baritmi tita nate tr ansducer. These ping.

are picked up by the remote acoustic hydrophone and sent u~ the cable
• to the ran~c recorder, thus giving slant rang e from ship to hydrophone.

This infonnatj on is desirabl e in the proper con trol of th e hydrophone

and the interpretation of tho data.

The instr tssentation described here is only part of the instrtaten—

tatton actually used at sea. Addi tional supporting Instrtatentad cn
I includes a recording anemometer and a continuously running recorder

- indicat ing noise level s as measured on an AN/PQ~I—1A noise measuring

set .

-
~~~~ 

:
RES ULTh

• The systen~ has been taken to sea on a nistiber of one—day tr i s

- into areas which have not been free from effects of nearby shippi fl~.
- 

•
-
~ The ambient noise levels measured in the region of 100 to 1,000 cps

I 
compare with reSults obtained earlier with other equipment in waters

• - 10
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exhibiting similar traffic noise. No measurements of true sea noise

have yet been made .

-
~ - i
;j FU~1IIJI PLA1~

Cruises of approximately two weeks’ duration, each, are planned
- a~out once a quarter for the next eighteen months. The first cruise

is scheduled for the }~.V. STRANGCR starting 20 September 1955.
- Eq uipment changes will be made as desirable and as time permits.

Efforts are continually being made to decrease the bulk and weight

• of the equipment and pe rh aps to make it all battery -powered. The

present transist or circuitry is still experimental but promising.

If small batter y-powered equipment is attai ned, it will permit opera—

tion ease net now possessed. Operation from small boats or perhaps

hovering helicopters or a portable set-up on an ice floe may then be
A -

feasible .

I It is believed that some of the instrumentation used here may

find use in other projects. In particular the lightweight cable and

- 

- handcarried winch along with the neutral instrument canister permit

operat ion on any ship. The old problem of cabl e not strong enough

to sunport its own weight is avoided and equipment even light enough

for a scientist to handle may sometimes be achieved .
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