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PREFACE

This memorandum describes instrumentation developed by Code
2322 for the measuroment of low-frequency ambient ocean noise.
This memorandum has been prepared because it is believed that
certain features of the instrumentntion and techniques may be use-
ful to others working in allied fields at the U. 5. Navy Electronics
Laboratory, and only mll distribution outside of the Laboratory
is cotemplated. ‘lhis wemorandum should not be construed as a
report as its only function is to present for the information of
others a portion of the work being dome on the ambient noise
program,

Some of the features believed to be of general interest are

the use of transistorized electronics and the use of lightweight,

easily handled deep sea equipment.

s |




Dmsorrn

Members of the Noise and Exploratory Studies Branch, along vdth
others at this laboratory and elsewhere, have in recent yuﬁ exhibited
mmmble intercst in low-frequency ambient noise in the ocean. In
particular the region below 1,000 cycles per second hes been of interest,
The absolute levels, the spectrum, directionality, space correlatiom, .
distribution of amplitudes, and the effect of natural and man-made
parameters on these qmntitiea have been of inmterest. The Laboratory
was not able before mid 1954, however, to engage in any measursment
progran designed to answer these questions,

Information on the low-frequency end of the audio frequoucy spec-
trum ‘:h of interest as both passive and active sonar equipment operating
frequencies are being reduced in efforts to improve range, In past
years this Laboratory and others have gained some information abouwt
noise in this region. Usually, however, it has cont be & ol nnlg :
in other programs such as préﬁmti.m, submarine np;”, mmma; or
Sofar studies. . ks

Some Fast Coast laboratories have recently engaged in studies in
the rogion of interest. The work at Columbia Unlwdty'a Hudson Labo-
re r.loo and at thc Bell relophm Mmms. qu‘ has been note-
vorthr Reports of the llmlpen ubontom- hng rbyu.hd Mn-qu-
tidn methods which were uu;tutory toc their task and om. and M

..-----‘----1---‘--------------’----.

1.  Colwmbia Univorsity, Hudson Laboratories, Project MICHAEL, Technical
Report No. 19, "Investigation of Ocean Ambient Noise at Lov Frequencies;
Part I, Instrumentation and Analytic Methods", by A. J. Saur and A.
Berman. 15 February 1954. (Confidential).
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methods have influenced our instrumentation to a considerable extent.

THE PROBLEN

. As long as one is interested only in measuring ambient noise
close to shore in shallow water the amich usmlly involves using
ahttmd hydrophone and a wire or wire-redio link to the
monitoring station. This -eihod is weful in measwring pressure
fluctuations of as low as tidal frequency.

When one 13 interested in m@sme far fruhshm in deep
water & ditfemt system is needed and several requiroments must be
met. The monitoring station (presumably ship or sircraft) smst radiste
0o noise which would be picked up by the hydrophone. Equally importamt,
the hydrophone must be motionless with respect to the water as motion
will introduce false signals into a low-frequency mt- in a number
of ways. The hydrophone must, therefore, be isolated from surface
and monitoring platform motion. If a conmecting cable is used it -'t
transmit no motion to the hydmphm dnm measurement ‘po‘r.tcllc. v
Other considerations include mﬁc pressure and menm effects
on the hydrophone and adequate signal-to-noise ratios in the quietest

seas.

THE PRESENT SYSTEM

v

Figure 1 is a block dturu of the prnont mtruuutlcn. l'h
vertical dotted line upmtu the shipboard camponents !m those ia
the wvater. The blocks shown are for the most part plug-in subassembiies.
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The purpose of using plquin units of a few standardiszed types is to
reduce equipment "down time" at sea with a minimum of spare ports.

The system has been designed to obtain rocordings of ambient
ocean noise in the frequency range of 1 to 1,000 cps and at hydrophone
depths up to 4,000 feet in all sea states.

Following the experience of the Hudson laboratories it was
decided that an approximately neutrally buoyant hydrophone connected
by a long slack cable to a monitoring ship should be uscd. Since the
hydrophone asscmbly was to be meutral in the water it would be cssen-
tially motionless nrovided the cable did not cause it to move dve to
surface motion transmitted down the cable or due to the weight of the
cable. Hence a slack, neutrally bumt cable was investigated. A
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 feect. The cable outside diameter
was .32 inches and the breaking strength was 300 pounds.

While this was being considered, the success of%’thg Hudson I.lbo-
ratories in using a smaller U. >. Army Signal @:orps field cable came
to our attention. This is a twisted paix; of u;res, individually
covered in polyethylene with a nylon jacket. Each conducto‘é consists
of seven strands of .01l inch wire, four strands being eopper and three
strands being steel. Each jacketed conductor has an overall diméter
of 088 inches and the twisted pair has a brealci.ng htrength of zoo
pomda. The cable cost is about $15 per thounnd—foot pair and h
svailable wnder U. S. Navy Stock Number Gx—15-0-39125. The cable in
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sea water weighs only about four pounds per 1,000 feet. Compared with
the neutral cable discussed above it is much cheaper, more flexible,

occupies less volume, is easier to splice and does not require s level-
vinding winch. On deck it is lighter; 10,000 feet can easily be hand-

carried coboard om a portable reel winch. Hence a ship's winch is not
needed and flexibility in the choice of ships is achieved. The small
weight of the cable in water is believed to be no serious disadvantage
and, aside from a certain amount of care mquimd; to prevent damaging,
the wire is quite satisfactory. Reeling in speed is liétited by the
strength of the vwire but at present the wire is reeled in at 300 fcet
per minute by & 1/2 horscpover motor with a frictional drag due to
several &Mm feet of wire and the hydrophone assembly.

To the left of Migure 1 is the hydrophone assembly. The hydrophone
itself is a barium titanate cylinder six inches in diamcter and four
and one-half inches long, designed and constructed by the NEL Transducer
Branch. It is designed to cover the frequency range of 1 to 1,000 cps
" with a usable response at 7 XC for a reason to be discussed later.

The designed open circuit voltage sensitivity is =80 db re 1 volt for
a somd field of one microbar and the design capacity is about .024
microfarad. - Complete calibration of the wmit is pending, but preli-
ainary calibrations indicate a sensitivity of =75 db re 1 volt //
microbar and capacity .006 migpofarad. 5 :

To compensate f;ar the weight of a certain amotit of the ubh :
the hydrophone assembly is undo a few pownds light of neutral buoyancy
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80 that the wire from ship to hydrophonc assumes a catemary shape.
Were it not for differcntial drift between hydrophone and ship, the
hydrophone assembly would assume a depth such that the weight of its
portion of the slack-wire catenary would balance its positive bucy-
ancy and the system would become motionless, with depth controlled
by the amomt of cable out. In practice, however, the two tend to
drift apart and more cable must be paid out to keep it slack. To
date only about 3,000 feet of cable have been used but plans call for
the use of 10,000 feet or mere. This should give satisfactory acoustic
samples of thirty minutes' to two hours' duration depending upon the
differential drift rate.

Because the hydrophone has a negative buoyancy in water and
because associated preamplifier and batteries likewise add some woight,
the housing in which the electronics are installed was made to have
enough buoyancy to make the whole assembly a fev; pounds light of
mmrﬂ. A cylindrical aluminum housing was designed by the Marine
Equipment Section of the NEL Mechanical Engineering Division. The
housing is approximately thirty-two inches long by nine inches outside
diameter, and is made of one-fourth or five-sixteenths inch tubing.
One end is welded shut and the hydrophone and all stuffing glands are
momted to the other end which is remcvable along with all of the
interior electronics. Figure 2 is a photograph of the asséembled wmit
while Figure 3 shows it wit:); ghe pmuure can mcved. The mit h
nlf-pwered by wo =45 vol'q m-as Mttor.lu :ln norieo, and four
six-volt BA-210 batteries tn parunel. nntory 1ife 1a about twenty

hours.




calibration signal while the ﬁnit is on deck.

To assist the hydmphqne assembly in sinking rapidly to the
desired sampling depth an extra weight of about ten pounds is attached.
This weight is automatically released at a pre-set denth by a pressure
actuated release mechanism.

The electronics consist of several plug-in units. The preamplifier
is a wnit with 28 db of voltage gain and an output impedance of 250 olms.
The equivalent input noise spectrum levels vhen used with the hydro-
phone are -143.db at 40 cps and -158 db at 10 KC; both values are im
nﬁ_rmce to a one volt input level.

The circuit is shown in Figure 4. It is a feedback staiilized
unit of four stages: triode amplifier, cathode followes, grownded

emitter transistor and gr.unded collector output. A 10 ohm resistor
is in series with the hydrophone lead to permit the insertion of a

Another plug-in unit is a transistor amplifier which works in
conjunction with a Vibratron pressure gauge to give oscillatioms,
the frequency of which indicates hydrophone depth. Figure S indicates
the circuitry involved. The Vibratron gauge, made by the lyrcn— v
Jackson Company of Los Angeles, consists of a taut wire in a magnetic
field. The wire acts as a psrallel resonant circunit when a woltage is
applied to its cends. The rcsonant freqency is the mecharical resonaant
frequency of the yire, M"ﬂg;s case, around 3 KC. Pressure changes
in the measured miedium Me the tension on the wire and hence ﬂlo
resonant frequency. The unit together with the associated amplifier

forms an oscillator, the outhut of vhich is introduced into the
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hydrophone preamplifier and hemce up the two-conductor cable to the

ship. The unit mecasures 0 to 2._000 psi presswe giving an output 14
vhich varics from 3,210 to 2,875 cps; this falls in ono of the RIS
recammended telemetering channels. 5 :‘
Spaces for other plug-in units are available and likewise other |
telemetering channels are available for supporting data. A tesipera-
twindicating oscillator is wnder development and an acceleration-
indicating oscillator is being considered. Since acoustic data up to
1,000 cps are ot.pri.mary interest, much spectrum remains above this .
for other data. : *
All cables leave the interior through doul\alo watertight seals.
A three-conductor plug adjmnt to tige hydrophone allows electrical
calibrations to be made when the mit is on deck. The unit is turmed
on and off thro‘ugh the use of a shorting plug.

Since transistérizing was helpful within the submerging hydrophone
assembly its use was contemplated for the surface electmnics. Points
in favor of tmns:lstors were freedom from 60 cps hum, decrease in aiu

and weight, perhaps an increase in reliability and freedom from Ac

pover requirements. This last is of some hportanoe since a ship's
normal power supsly is turned off during msum'ent‘:l to cut down
radiated ship no:lsé. At present a vibration-isolated AC generator
is nquircd for recording and monitoring equipment and the evenml
abandogment of even this is contemplated. & o g
For the surface i.nstmnnt.lon the use of menl standardized
plug~in wits h desirable. Ptrbnpa most important is a feedback-




stabilized voltage amplifier of 40 db gain and a frequency response
flat from 1 cps to above 10 KC. Xnput impedance is 60,000 ohms and
output impedance is 3,500 olms. Since the mnit normally works from
a six-volt battery, the output voltage is kept below the one-volt
RMS level to minimize distortion. Another plug-in unit is a grounded
collector wnit which gives essentially unity voltage gain but an
impedance reduction by a factor of about tem. Still another plug-in pmit
is a 7.2 X.0. oscillator. This unit uses a point-contact transistor
satisfactorily although the unit may be redesigned for the more depen-
dable junction transistor. Figure 6 indicates circuitry of these
plug-in units. These units do not necessarily indicate optimm design
but theydo work satisfactorily.

i_tnother look at Figure 1 indicates that the signal transmitted
up the cable contains both acoustic information and auxiliary data
on hy#rophone depth, etc. Oﬁboalﬂ ship the sign~l is conveyed into
scparate channels. All of the frequencies present are fed to a
variable 50 db attenuator, thence through plug-in amnlifiers to
monitoring and recording channels. _At present the recording is done
on two magnetic tape units. The pri-ary recorder is a factory-
modified Ampex, model S-3462, which has a recording frequency resnhonse
good from 10 cns to 7,500 cps when recorded at 3-3/4 ips and played
back at 7-1/2 ips. The other recorder is a direct recording Stancil-
llofM, model R4~LS, which has a record speeq.of .2 ips und ﬂsoi}»v
played back at 7-1/2 ips will reproduce recorded frequencies from

«5 to 200 cps.
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Still referring to Figure 1 it is noted that the high frequency

information is fed into amplificrs and thence to telemetering band-
pass filters. The coupling condensers shown are of such values that
low frequencies are much attenuvated. An alectroiaic frequency moter
applied to the filter outmuts will indicate hydrophone depth or other
telemetering quantities. The bottom band-pass filter fceds the stylus
of a chemical range recorder through a 40 db amplifier. The keying
circuit of this recorder keys the 7.2 KC oscillator whose output is
amplified and drives a small barium titanate transducer. These pings
are picked up by the remote acoustic hydrophone and sent un the cable
to the range recorder, thus giving slant range from ship to hydrophone.
This information is desirable in the proper control of the hydrophone
and the interpretation of thc data.

The instrumentation described here is onlyv part of the instrumen-
tation actually used at sea. Additional supporting instrumentation
includes a recording anemometer and a continuously running recordﬁr
indicating noise levels as measured on an AN/PQi-1A noi‘ao measuring

set.
RESULTS

The system has been taken to sea on a number of one-day tripi
into areas which have not been free from effects of nearby shipping.
The ambicnt noise levels measured in the rogioh of 100 to 1,000 cpi
cowpar; with results obtained egrlier vith other equipment in waters




o Y AR

R I R A A T

exhibiting similar traffic noisec. No measurements of true sea noise

have yet been made.
FUTURE PLANS

Cruises of approximately two weeks' duration, each, are planned
atout once a quarter for the next eighteen months. The first cruise
is scheduled for the M.V. STRANGER starting 20 September 1955.

Equinment 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 perhaps to make it all battery-powered. The
present transistor circuitry is still experimental but promising.

If small battery-powered equipment is attained) it will permit opera-~
tion ease not now possessed. Operation from small boats or perhaps
hovering helicopters or a portable set-up on an ice floe may then be
feasible,

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 canistgr permit
operation on any ship. The old problem of cable not strong enough

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

for a scientist to handle may sometimes be achieved.
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