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ABRSTRACT

AVGORTTION COEFFICIEN l"

During the period % February %o 24 March 1938, the USS SEMMLS
and S-20 operuted in the Jouth Atlantic and Casribben: Sen.  They
made some 40 approach runs during which the intenasity of the
recelved signal wus rensured on 17.6, 23.6 and 20 kes. for ranges
between 500 yards and -bout 10,000 yards. Arter each run the
tomperature of the water wog mea.,u"od from the surface to 120 fect
with an accuracy or :.01° or better.

Thirty five plates o! range-intensit: and temperature-denth
curves are included showing wide devicticuas lron the thcoreticnl
formulac:but & fairly definite correlation botvicen +h\. I‘orm of

the_r"“ fi”*intensity cu~ves and the tempersture gradi ats.

.An adeauute expirnation is piven fer tiae "Lt ranca" effent
phenomena.

The loss cooft‘icient, a, which incluuc., cll the [rctors whicn
reduce the intensity of the scund sigael in water, raoy be simply
, .expressed in ceclbels poer kilo-yard for nornnl cwrwves where the
. tempernture gradieni is smell and uniform and frequency is cx-
. préssed:in: Kc.

Ifl'hgfaf)rage value of @ for normal curves increrssa with the
l6he; ,,}‘—Qordmgv to the empirictl formula

a = .0040 2 + .16\ f

eI e or conclusion is that the path of the scund oeam,
determired largely by *hc tempersture gradicuts but -ompliceted by .
rcﬂeéﬂon .refraction cnd scatt~ring, is the domincut factor in
dutermining the intc.ns:Lty of the received signal.
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vs. Freaucncy, 15 Fet.1938-1146-1236, Run #18 . Pl:te
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v3. Frequency, 4 Mar. 1938-1337-1444, Run #20 . Plate
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ve. Frequency, 9 Mar. 1933-1900-1950, Pun #<3 . Plate
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vs. Frequency,9-10 Mar.1938-2342-0050,Run #25 . Plate
vs. Frejquency, 10 M.r.1938-0218-0312, Run #26 . Plate
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vs. Frcguency, 10 Mer.1938-1226-1324, Run #31 . PLitc
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vs. Frequoncy, 19 Mar.1938-1543--1626, Run #33 . Plate
va. Freauency, 10 Mar.1938-1744--1905, Run #34 . I'late
vs. Frequency, 10 Mor.1938-2015-.125, Run #35 . Pl . te
va. Frequoncy, 15 Mer.1938-143/4-1535, Run #36 . Plate

Yepth, 9-10 Mar. 1938, Gonaives Gulf Area . .
Depth, 15-16 Ker. 1938, Guuntanumo Bay Aron
f in

‘Variction of a with Frequeucy, a in db per Kiloy:rrd,
= 004082 + L161f . . . ., .
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ABSQRPTION COrFFICILNTS
1. Theory

For sound waves propapated in en Infinite, homogeneous medium,
th: relation between the intonslity sund the range is given by the

formula -
1 - R \n a(R -

(Reference (1))

where I, «nd I, are the intensitics at the ranges Ry sand R rospectively,
a is the absorption coefficient, und n is an exponent deturnined by

the type of propagation. Fcr spherical waves, or for planc waves in

a coniccl beam, n is oqual to 2 from simple geometry. It is nlse
possible to calculate a for & given medium from the numerical values

of the velocity of sound, thc coefficient of viscosity, the density

and the frequency, (Referencc (2)), but this value is about 0.1%

of the experimental values.

If a series df measurcnents of the intensity at known ranges
are made, it is possible to evaluate the constunts cf this equation.
Intensities are commonly measured in decibels above « specificd
level. By definition

edb =~ 10 log _1__ ,

L

therefore

= I
dby - db, = 10 log }) )

By taking tho lognrithms of both sidus of equation (1) and eliminating
I’ amd R, fren twe simultuncous equations, we may write -

ab, - d ' log B2 :
= n R
s o — R +a (2)

R2-R
Befuremce (1) - MRL Report S-1204 of 16 October 1935.
Sefersece (2) - "A Textbook of Svund" by Wood, pp. 317-335.



This is the form of the simple linear equation y = ax + b for which
a is the slope of the line and b the intercept on the y axis. By
plotting decibel differences against the logarithms of the range
ratio the values of n and a may be found (Reference (3)).

2. Practice

When measurements are made between two surface ships in open
water, the assumption of an infirite homogeneous medium in which the
above formulae are valid no longer meets the actual conditions.

(a) Reflection.

Due to the shallow sulmergence of the transmitting end receiving
units, the upper portion of a conical beam soon suffers reflection
at the air-water surface. This reflection is with change of phase.
Similarly, the lower portion of the beam may be 1reflected from the
bottom, or from any surface where there is a rapid change in the pOc
product. This reflection is without change of phase. Multiple
reflections arc possible at the longer ranges or in shallow water.

(b) Refraction.
The temperature of the water is seldom uniform over any con-

‘siderable range of dcpths, generally, though not always, being

higher at the surface and decrcasing with depth. . Since thc velocity
of sound increases ncarly 2 yards per second per degrce Fahrenheit,
the bending duc to the tcmperaturc gradient may be considerable and
even cause the sound beam to pass below the detector on the receiving

ship.

The velocity of sound increases with the depth due to the
increase in pressure and salinity, and this tends to bend the ray
upward. The net refraction effect will be thc algebraic sum of the
temperature gradient and the depth and salinity effects, (Reforence (4)).

(c) Scattering.

Noithor the air-water surfacec, the water-earth surface, nor a
thermocline boundary surface, is smooth or level for supersonic waves
8o the reflected bcam will always be somewhat scattered. Also tur-
bulence absorbs, reflects, and scatters sound as may be noted in
the diffuse echo from the wake of a ship. Turbulcnce may also be
caused by the wind as shown by Langmuir (Reference (5)). He shows

Referonce (3) - "Underwater Sound Investigations in Northern Waters,"
August 1937, BuEng. file 568 (1-28-W6).
Reference (4) - "Vclocity of Sound in Sca Water," U.S. Coast & Geodetic
. Survey, 8p.Pub. No. 108.
Reference (5) - "Surface Motion of Water Induced by Wind," Sciencs,
‘ Vol. ‘7' No. 2250. Ptm 11. 1938.
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signul intensitics cn the S-20's receiver at 2 definite sensitivity
expressed as microvolts input for standard output., This sensitivity
was maintained const-nt by frequent checks with a standard signal
generator. However, absorption coefficients arc based on the 3lopes
of the curves end not the cbsolute values of the intensities so the
results of this report are not dependent on the accuracy of the zerc
levels.

After each range run cleven temperature rendings were made bctween
the surface and 120 feet. A platinum resistance thermomcter and ¢
high grade bridge were used to measure temperatures in tcrms of
resistance. The accuracy of thc temperature readings was limited by
the galvancmeter. The low sensitivity galvancmoter used prior to
February 18 was good to + 0.1° C. Afterwcrds a butter galvanometer
was used which was scnsitive to 0.001° C., but the accuracy was
usuclly limited to # 0.005° C. due to the roll of the ship moking the
exact brlance point uncertuin. The thermemeter wes calibrated at the
ice point and by comparison with thre: good Laboratory thermometers
over the temperature range from 20 to 25° C. and over a period of days.
The absolute values of the temperatures are considered goed to #0.1°C,
and the variations with depth to + 0.005° C.

Temporature Gradients.

Plate 34 shows a scries of curves of tempcrutures vs. depths
' taken at approximately 2-hour intervsls for some 36 hours. The pre-

. viously observed "afternoon effect" is shown in curves 10 to 13 and is
correlated with the wind, sea and sun conditicns. The cutstuending
points are: On a calm day with a bright sun there is u rapid heoting

’ of the water at the surface nnd 2 gradual but less marked heating at
greater depths reaching ¢ maximum about 1700. During the enrly
evening, with increasing wind, the surface layers cools and ¢ smecll
inverse gradient appears at 1700. Between 2000 and 0600 with winds
up to 28 knots the tcmpercture is uniforn within .01°. C. down to 120
feet and the lowest temperatures of thec series are found. The noxt
morning the cycle storts to repeat.

The explanation of this cycle is as follows: The sun light fel-
ling on the water is largely abscrbed znd transformed into heat.
Ninety pcr cent of the visible licht will be absorbed in the first
125 feet and ninety-nine per cont will be absorbed st a depth of 250
fect for a logarithmic absorpticn cocfficient of 0.008 (Reference (

.~ which is a probable value for this arer. The infra-red light, con-
taining about one-third ¢f the totanl cnergy of the sunlicht, will be
completely absorbed in the first few inchus. This explains the

| rolatively high tempcrature of the shallow surface layer when the
sea is calm as therc i3 then little stirring acticn by the wind and
convection or diffusion offects are small.

G G G G OGP W) B e er e W A Al @ Ws EE me GME @S N 4D Wb b AR P @S W E R @ WS WS . e B




If the weather continues calm, the warm layer will cool slowly
at night due to radiation to the atmosphere at the surface and to a
small convection to the colder water below. If a strong wind arises
vertical currents are set up (Reference (5)) which thoroughly mix
the water as shom by curves 5, 6 and 7, where the temperature is
wniform with 0.01° C. for 120 feet. The mixing evidently extended
to depths greater than 120 feet since the minimum temperatures were
obtained at 0800 at the end of the period of high wind indicating
that the ware surface water was mixed with the colder water from
considerably below 120 feet.

In Plate 35 the sea was not so calm in the afternoon nor was
the wind so strong at night so the warm layer did not get so hot nor
was the mixing so thorough at night.

The temperature vs. depth curves throughout this report are
plotted to a large tcmperaturc scale, one small division equals 0.01°C.,
to show the differences actually measured. Without precise temperature
measuring equipment, no gradient would have been found in a majority
of cases in the Guantanamo area.

4. Experimontal Regults on Absorption Coefficients

Some 38 range-intensity runs were made altogether. The data ure
plotted in Plates 1 to 33 showing the effects of range, frequency,
temperature gradients, wind, sea, and sunlight on the sound trans-
mission.

The curves may be arranged in three general groups where there
- §s a definite correlation between the type of tronsnission curve and
the temperature gradient.

In Group I where the tempercture gradient is zero or slightly
negative, a single straight line comes the nearest going through all
the points beyond 1000 yards, though thcre may be irregular but
somewhat cyclical variations impressed on this line. The loas co-
efficient is given in db/yd. for each frequency. Obviously, for this
type of curve the lcss factor is numerically so much more important

than the(_ﬁ_;l factor that n = O after the first 1000 yards. The
R

gencral method was not designed for accurate measurements at ranges
under 500 yards as the longer ranges were considered more important
for practical service. The irregular variations from the straight
line are dus to minor reflection, refraction or scattering effects.

Group 11 shows three runs, Plates 1, 19 and 33, that have fairly
definite breaks in the curves with high absorpticn in the first 3500
yards and half to a third this value ct the lounger ranges. This
occurs where thare is a smnll positive gradient in both upper and
lower layers of water. :

Group III, Plates 27 to 30, shows the effect of a large gradient



il Qhﬂ first 20 feet and a smaller but censiderable gradicnt cown

" t0 120 fect. The sua is nlwoys calm with iittl: wind and the sun is
" beight. The Type III renge-intensity curves ure characterized by
large positive walues of a that ure 10 times the normal for the first
1500 yards, then become zerc and negative and inelly poaitive ngain.
There 18 dofinite evidence of reinforccuent in the 4 to 6 kiloy:rd
range as thia point is 10 te 15 db higher than for & run with normel

a.

There is a transiticn from Types 1 te II *¢ III end - dofinite
~ oerrelation with the tempercture grndient.

The loss coefficients for all the runs wnoere an averige viloe
was obtainable were averaged for ench fregucncy and are shown in the
following table. Comparsble runs {rem February 1937 at 24.5 kilccycles
PR also shown.

!requnnc' a in db . Aver:re Devintion Number of
ke kiloyard a/f from Mean Huns
17.6 £ .06 231 + 20% 26
23.6 6.00 255 + 20% 26
* 30.0 8.44 .281 + 109 13
4.5 5.6 «229 Feb. 1937 7

If the quantity o/f is plotted against frequency, Fl:te 36,
‘straight line is obtained of the form a/f = mf + b where m anc T e
constants which muy he evalunted from the dats to sive the empiric:l

equation -
= ,0040 £2 + .161 £

where a is the decibol loss per 1000 yards and £ is the frequency in
kilocycles. . This means that in additicn to the classical absorption
tern based on'the viscosity of the medium and proporticnnl to the

of the frequency, there is arother tern proporticznal te the
first power of the frequency. This first power tcrm is 30% of tho
total loss at 10 kilocycles, 66% at 20 kilocycles and 57% at 30

kilocycles.,

- Caleulating from the formula the a for 24.5 kilocyeles used in
Pebruary 1937, the velue is 6.3 compared with 5.6 observed, u Aifference
of 128 that is within the mean variction.

4
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SUMMARY

Some 38 range-intensity runs at 17.6, 23.6 and 30 kilocy:les were
made in the South Atlantic and Carribean area auring February ond
March 1938, and accurate temperature measurcmerts from the surfacc to
120 feet Gepth were made aftcr each run, = tot~l of 48 thermol
stations.

A brief theoretical discussion and a description of the experi-
mental technique arec given.

The data and desrived results are presented in the form of
curves on a total of 36 plates.

An Empirical formula is derived for the decibel loss per *housand
yards as a function of frequency. An adequate explanation is given
for the occurrence of the "afternoon offect” on a bright, calm after-
noon and for its complcte dissppearance on a windy night.

The path of thc sound beam, determined leorgely by temperature
gradients, is shown to be the major factor in detcrmining the inten-
sity of the direct signcl,

Definite conclusions are drawn on numcrous jhazses of the problem
on absorption coefficiints.

¢ IONS

(a) The theorctical formula, based on the assumption of &n
irfinite homogeneous medium, docs not adequately express the law for
the propagation of the sound beam in watcr under normal service condi-
tions because the beem is subject to refraction, reflection and
scattering cffects.

(b) Beyond the first thousand yards and when the tempcrature
gradicent is smull, a straight line gives the best averege fit for
the points on a normal range-intensity curve. Therefore, the loss
coefficient, o, which includes all the factors which reduce the
signel intensity in the weter, may be simply cxpressed in decibels
per yard.

(¢) Thne rungc-intensity data consistently and conclusively show
that the decibel loss in intensity pcr yard in runge increcscs with
the frequency. For the conditions in the ares studied the avernge
values aay be axpressed by the empirical forrula -

b

a = 0040 f2 + .161f

8ingle determination. of a under differcnt conditions may vary + 40%

from the average value, nnd the meun deviaticn is + 20%.
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UNITED STATES GOVERNMENT

memorandum

7103/141
paTE: 21 November 1996

FROM:  Byrton G. Hurdle (Code 7103)
SUBJECT: REVIEW OF REF. (a) FOR DECLASSIFICATION
TO: Code 1221.1
ViA: Code 7100
REF: (@) NRL Report #S-1466 by E.B. Stephenson, 12 Aug 1938
1. Reference (a) reports a series of measurements of acoustic absorption in the
ocean at frequencies of 17.6, 23.6, and 30 kcs in the South Atlantic and Caribbean

Sea between 5 February and 24 March 1938.

2. The technology and equipment of reference (a) have long been superseded. The
current value of this report is historical.

3. Based on the above, it is recommended that reference (a) be released with no

restrictions.
Tt gl
BURTON G. HURDLE
Acoustics Division
CONCUR:
%M /Z M //Lzz/?’g
EDWARD R. FRANCHI Date
Superintendent

Acoustics Division

OPTIONAL FORM NO. 19
{REV). 1-80)

GSA FPMR(41 CFR) 101-11.6
5010-114
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Naval Research Lab, Washington, D.C,
ABSORPTION COEFFICIENTS OF SOUND IN SEA WATER,
by E.B. Stephemson, 12 Aug 38, Tp, illus. (Rpt No S-1466)
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