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ABSTRACT

The purpose of this report is to vonsolidate wsll established
theory and the data available to date snd mske such generalizations as
the facts warrant. Ths factore in water conditions affecting sound
propagation areé discussed in detail,and the applications of the princi-
ples ere illustrated by examples and experimental data.

It is ooncluded that weter conditions frequently set definite
limitations on the use of underwater sound gear, but also thet a proper
Inowledze and understanding of the conditiona frequently permits teking
tacticel advantags of the limitations. Great oare must be used not to
make too broad generalizatione from limited date, as conditions may vary
greatly and rapidly with time or place.
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COMDITIONS W
ORIC ON gt

T TUIIATYER SO

PROPAGAT ION

1, Introdustion

During the past ten years a large emount of deta on ths per-
formanse of supersonic sound oquipment has been accumulateds The re-
sults obtainsd have varied widely Jor reasons that were not always ob-~
vicus bacause all the nsoessary facts were not known or understood.
There are three important factors upon which the results depend. These
are:

(a) The equipment,
(b} The operating personnsl and techniqus,
(o) The water conditions.

?his article will be limited to a discussion of the effect of water ocon-
ditions on sound propagation.

From & knowledge of the physics of wave motion in a fluid
madium, the behavior of a sound beam in water oould be predioted if all
the neoessary constants were known, but the water conditlons are of Gen
oomplax and all the factors are seldom known with acourasy, 80 that only
general statements may be made in many oases. As acoursats experimental
date are scoumulsted on sound propagation under different conditions,
times, and places, these generalizations may be made more specifioc and
socurate, The purpose of this report is to oonsqlidate the data now
available on the effect of known water conditions on sound propagation
in ses water and to malke such generalizations as seem werranted. Ths
theory end dats on which the gensraliszations are based may be found in
standard text books on sound and the reports listed in the bibliography.

2. Sound as Wave Motior

Underwater sound is propagated as & longltudinal vibratlon;
that is, an alternate compression and rarefaotion in the medium as
sontrasted with the transverse vibration of electromagnetio or light
waves, but the two types of waves follow the same general laws. Thus,
the sound waves have a definite velooity under & definite condition and
are subject to reflection, refraction, diffraction, scattering and abe
sorption. The velooity is determined by the elastioity and density of
the medium and thess in turn vary with temperature, pressure, and
salinity of the ses water. Any abrupt change in the velooity causes at
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isast part of the ensrgy to be refleoted, and & gradual ohange causes
refraction or bsnding of the path.. Soattering is caused by reflecting
arcas that are small or irregular compared with the wave length, end
sbsorption oocours when the sound energy is transformed into heet.

3. Faotors in Water Conditions Affesting Sound rfropagation

The principal fectors in water conditions that a«f{'sct sound
propagation are: the temperature and the temperaiure gradisut, the
salinity and the salinity gradient, the pressurs and the pressure gra-
dient, the turbulence or cavitation, and the marine growths. These in
turn are sffeoted by veriable oycles in the see, sky. wind, rainfall,
weather snd ourrent oonditions, These factors ere not all independent
and their importance and correlations vary with time and place, but
thers are numerous general rules that may be based on present theory
and expsrience.

4, Temperature and Temperature Gradients

The velooity of sound in sea water of 35 parts per thousand
salinity veries with the temperature as shown on Curve 1 of Plate 1,
The units are metsrs and centigrade degrees (1 meter = 1,0936 yards
and °F = 1,8° + 32.) The dats from which the ourvs is plotted ere
the best available and values read from the ourve are scourate within
O+2 meters per second, The rate of change of the velooity with tem-
perature is the temperature ocefficisnt of velooity, and it varies with
the temperature as shown on Curve 2 of Plate 1. Thus from Curve 1, one
finds the velooity at 20°C to be 1518.7 m/sec. and from Curve 2 that et
20°C the velooity oheanges: at the rate of 2,78 n/seo. per °C or 0,176%
per» °Cs The magnitude of this effect is large enough to be important as
will be shown later.

Vhen a sound besm is transmitted through & medium in which
the temperature and therefore the veloocity of sound, changes sither
vertiocally or horizontally with distance, the beam will be refracted.
The paii of tis axis of & refracted beam is spproximately along the
siroumference of a ocirole whose osnter and radius are determined by
the temperature, the temperature gradient, and the initial angle of
the beam with respeot to the direotion of the gradient. Gradients
ere normally measured in a verticsl direction as the rate of ochange
of the tempersturs with depth, or in & horizontsl direotion as the
rate of change of the temperasture with renge. When the temperature
inoresses as the depth inoreases, the gradient is defined as positive
and tends to refrnot the sound beam upwards. When the temperature de-
oreases as the depth incressos (the most common condition) the gradient
is oalled negative and tends to bend the sound beam downward. A warm




layer of water between two colder layers is oalled an inversi:. and ia
indicated by changes in sign of the greadient. A sound beam above the
inversion is bent upward and a beam below it is bent downward so that
the inversion layer tends to aot as a barrier for sound transmissicn.
When the path of the beam ocoinocides with the direction of the gradient
there is & change in velooity of the sound but no bending of the beam.

6, Salinity and Sslinity Gradients

The salinity affects the velocity of sound in water as shown
by Curve 3 of Plate 1. The velooity inoreases as the salinity increases,
but the rate of change of velooity depends on the temperature. The
selinity of ses weter may rangs from 30 to 37 parts per thousand (ppt)
with 36 ppt ss a fair average value, Curve 1 is for 35 ppt salinity.
Curve 3 is used to oaloulate the velocity at any other salinity The
values of the salinity and the rete of change with depth in the open
ses vary with the geographical location and with the ourrent, reainfall,
and aveaporation conditions.

The sams convention will be followed in designating salinity
gradients as was used for temperature gradients. A positive gredient
is one in vwhioch the salinity, and therefore the velocity, inoreases
with depth and tends to refract the beam upwards. A negative gradient
is one in whioch the salinity deoreases with depth and tends to refract
ths besm downwurd.

Fairly well defined and often abrupt changes in both the
horisontal and vertical salinity gradients may be found, especially
near the mouths of large rivers or bays. The data on salinities are
not as complete as dn temperatures, largely due to the technicael dif-
ficulties of measurements, but fortunately the sglinity effeoct on
sound propagation is relatively small compared to the temperature effect.

6. Depth

The velooity of sound increases with the depth at a praotically
constant rate of 0.0181 meters per seoond per meter increase in depth
down to & depth of 400 meters., The pressure gradient is alwsys positive
and tends to bend the sound beam upward. A correction for ths change
in the velooity of sound with depth is made when echo-sounding for hydro-
graphic surveys, but it is seldom necessery in routine navigational use
of sounding gear.

7. Turbulence and Cavitation

Turbulence ani oavitation in the path of & sound beam soatter
the sound energy much as olouds or a smoke soreen soatter the light from
the sun, This results in a loss of intensity ou the axis of the beam of




the transmitted ray, but same of the energy will be scattsred bask
towards the souroce and an echo ig of ten heard. Such sn scho is usually
weak, diffuse and drawn out more than a true target echo, The amount
of the socattering depsnds on the size of the turbulent vortices caompared
to the mave length of the sound used. Ths lower frequencies penetrate
turbulence better than the higher frequencies and correspondingly high
frequenciss give better schoes from turbulence. Thers is always turbu-
lence near the boundary when one body of water moves with respect
another or when the water is mschanically disturbsd., Thus echoss may
of ten be obtained from the bottom of the Gulf Streem, off the wake of
& ship or off a school of fish.

8, Marine Crowth

It is frequeatly found that poor sound propagation is found
to coincide with evidence of miorosscpls marine growth. It has not
been determined that the marine growth, sither animal or vegetable,
is itself the cause of the poor propegation of & sound. It seems
more probable that the marins growth is evidence of ocertain temperature
and salinity conditions, and these in turn are usually such as tc cause
poor propagation of sound. Thus echo-ranging has been found to bs poor
in the "red water" condition in Penama Bay, but it may also be poor in
nearby areas where there is no "red water.”

The sea surface affects the propagation of sound in several
ways. I[f the vertiocal distanocss between the troughs an. orsstes of the
waves are greater than the average depth of submsrgence of the projector,
psrt of the time the axis of & horirontal beam and everything above it
will be ocut off by tha trough of the wave, If the ship is pitching with
the projector on a 0° beering, or rolling with the projector on a 80°
bearing, the axis of the beam sweeps through the whole angle of roll,.
The magnituds of this et‘feot oan be seen from Plate 3. Thus, for a 10
downward roll on a 90° besring, the axis is in the position of the =10°
rav, is down 530 feet at 1000 yards end the intensity of the horizontal
ray would be down 10.8 db, from the axial intensity. On the correspond-
ing upward roll, the ~-10° ray of Plate & would be harizontal, everything
above it would be soattered by the waves and the intensity would be
down 10,8 db., The direot signal, therefore, would vary by + 10.8 db.
during the roll and the echc might well vary twioce this amount, rrac-
tiocally, this moans that echo~ranging on a bearing where the pitch or
roll ocauses thia effect should be avoided if possible,

4 dead calm ass is frequently unfavorable for echo-ranging
for two reasons., Tho air-water surfaoce reflects the sound like & mirror,
but with 18C° changs in phase, Plate 3 shows that any rey within 3°




of the axis is down only 1 dbe or less. Since the pathe and intensities
of the axis ray and the rays within 3° above it are so nearly equal,

the 180° phase difference causes interference or partial cancellstion
and a considerable loss of axial intensity. Alsoc, the conditions
causing a calm sea are frequently favorable for building up steep tem-
perature gradients, or & series of small inversions that cause irregular
rofractions of the beam.

10, ng Conditionsg

Under sky conditions are included the intensity of the sun-
1ight and the clouds, fog or haze whioch to a certain extent modify the
intensity at the sea surfece. The light from the sun whioh strikes the
surface of the sea is partly reflected and is partly transmitted into
the water where it is finally converted into heat. About one third of
the total energy from the sun is in the infra-red region. This energy
is all absorbed in the first few jnches of water. The energy of the
visible light, even in the olearest known sea water, is absorbed 8o
rapidly that 90% of it has been transformed into heet in the first 125
feet. This results in a relatively intense heating of & shallow wpper
layer and the development of steep temperature gradients. At night ths
process is generally reversed. The surface water being warmer than the
air loses heat by radiation and by evapcration. Rediation is greatest
on a oalm, clear night but evaporation depends primarily on the air
end water temperatures, the relative humidity and the wind. In hot
oalm weether in the Caribbesn, ons frequently finds & series of alter-
nately warm and cool layers, corresponding to alternate heating and
cooling effects of day and night, extending down to a depth of 100
feet or more. The layers are generally thioker amd the temperature
differences less as the depth increases.

11. ¥Wind

The importance of the stirring asction of the wind on tenm-
perature gradients has only reocently been understood. The facts had
been well established by work on the Semmes and the explanation was
given by Dr. Langmuir of the General Electric Company in 1938, To
summarize briefly, he shows that the effect of the wind is tc produce
a series of right snd left helical vortices in the water having hori-
zontal axes parallel to the direction of the wind. The water descends
under the wind streaks and rises between the streaka. Whils this
motion is slow it gives rise to a generslly turbulent condition thet
thoroughly mixes the water. A windy day causes the temperature Jradi-
ent to disappear down to & certain depth but produces a very sharp
zradient at the lower limit of the isothermal layer. The velocity of
the wind and the time during which the velooity is maintained roughly
determine the depth of the stirring action.




The surface indication of this is the spacing between the
wind streaks or the distance between the "windrows" of seaweed or kelp,
ths spaocing being determined by the sustained wind velocity, and ths
depth of the stirring «otion being approximately proportional to the
distance between streaks, There is positive experimental evidence that
the stirring aotion of a 20 knot wind for 6 hours may extend down more
than 125 fsst in deep water where the wind has a long sweep es off
Gusntanamo, but off Panama Bay even in deep water the stirring action
tg Tihallod 5o abous 5C fwst pechably bocouse the northoest wind does
sol asve time o culda up tue suirring astion.

12, Weather

A knowledge of the weather conditions for two or three deys
preceding a sound test is a help in estimating the results that msay be
expected from the sound equipment., The estimste is a prectiocel appli-
cation of the principles stated above and may be illustrated by an exemple:

On a cleer, fairly calm day after o northwest storm in open weter off
the New England coast but within the 100 fathom curve, the listening and
echo-ranging oonditions are exosellent and will probably continue ex-
cellent for several days in the winter time. In the summer tims by the
afterncon of the second day after the storm, echo-renges will usually
be short and false contaots often will be made, but propeller noiss
ranzes may be poode Occmsionally "skip distence" echo effects will be
found. The explenation is that the storm thoroughly mixes the water

and the temperature grrdients are small or zero down to about 150 feet.
This condition lasts for several days during the winter because the
intensity of the sunlight is low end the water werms up slowly. In

the summer the heating effect is greater and gradients build up more
rapidly. This bends the beam downward aend since the water is shallow,
echoes will be obtained from the bottom giving false oontaots or ranges.
The propeller noise is reflected from the bottom without much loss of
intensity so listening may be rated as good.

13, leasurements end Sstimates of Water Conditions

The only certain and sccurate means of determining how the
water conditions affect sound propagation is an experimentel sound
test with the proper trrget and equipment et the partiocular time and
place., iven suoh an experimental determination gives no assurance
that the data will be valid for more than a limited change in time or
place. iowever, sinoe the tactical situation may not permit an ex-

l)“’"‘ sntal tost, it is prcpcsed +0 discuss cnpn\nmnni-rry dste and

methods of obtaining them that will aid in meking a valid estimate of
the situation. Obviously, all possible cases cannot bs covered, but
enough will be given to illustrete the technique and type of reasoning
so that anyons familier with points covered in the preceding paragraphs
should be nble to apply the available information to the particuler
situation and to meke en estimate of the results to be expscted from the
scund goar.
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A submarine may detect lwurge tempersture ohanges as she makea
8 slow dive by reading the injeotion water temperature or by taking
samplss in a buoket. This is a slow and arude method, and thers probably
is a big time lag. Detter results may be obtained by mounting a ther-
mometer outsids an eyeport in the conning tower. By going down in 10
foot stages and allowing 2 minutes at each stage, readings may be taken
to * 0.1 C with a good thermometer. Several thermometers are necessary
to cover with suffiocient acouracy the full range of temperatures met
with in the Atlantioc Ocean in a seasonal oyocle. The Navel Resesrch
Leboratory has developed a direct reading temperature gradient indicator
for submaxlnes. freliminsry experiments indioate that gradients as
small as 0.01°C per fathom or as large as 6°C per fathom may be read
direotly from e meter scale. The indicator ds particularly sensitive
to temperaturs inversions as a ochange in sign of the gradient causes
a quick swing of the nesedls from one side to the other., The equipment

o oo masasanwer A a
is small and no adjustmonts ars necessary during the

For destroyers, the Bureau of Ships has developsd ¢ bethy-
thermograph which may be lowered over the side at & rate of sbout 1
foot per second to a depth of 500 feet. It automatically traces a
pressure~tempernture curve on a small smoked glass slide. When the
slide is plased in a prujsction lantern the ourve is projected onto
en 8" x 10-‘/)' <nlibrnted chart from which the temperetures can be
reed to * 0,1F rud tha copths %o + 1 ft. Since one coordinete is
pressure, the Juazth or angle of the wire need nct be measured, but
it is necessary ror the ship to lie to or to run at very slow speed
for about 20 minutes to make a tempersture-depth meassurement to 500
feet,

An investigetion of the possibility of meking salinity measure-
ments has been made but at present there is no known method that is oon-
sddered practical for general naval service usge, ' Selinity messuremeuts
ocan be made with acocurasoy on a ship properly equipped for hydrographioc
or oosanographic work, but at present the information obteinable is
prodbably not worth the cost in space, equipment snd persomnel on a com-
batant Navy ship. Fortunately, the salinity effect on sound propagation
is in general relatively small compared to the tsmperature effect except
under some special condition, as where fresh and salt water are mixing.

lé. The Path of s Sound Beam

It is possible to crloulate the path of a sound besm under
certain speoified conditions. The mathematiscal formule is somewhat
complex and the caloculations laborious so only s few typioel examples
will be given to illustrats the genersl principles, The derivation of
the mathematioal formula and the details of the osloulations will be
given in a separeste technical report.

-7 -




Un Plate 2 are shown theé paths of the axis of an initially
horizonta) sound bsam subjeot to the refracting effect of the pressure
gradient and of the temperature gradients as marked. The projeotor ia
located 500 feet below the surface and the water is assumed to be homo-
geneous except for the pressure and the temperature gradients shown.
This depth is obviously a hypothetical oase given to demorstrate the
principle. Deoreasing the depth of submergence would not change the
lower half of the picture, but the reys in the upper hslf would suffer
rofleotion at the air-water surface. The vertical scale is 15 times
the horizontal soale sothe bending effeot is exaggerated. It is inteco~
s5ting to note that under a comdition of sero temperature gradient the
beem is bent upward due to the pressure gradlent and that it takes s
negative tempersture gradient of spproximately .006°C/h to give a
horizontal beam. For a negative gzradient of ,03° C/Eb which is often
found inthe Atlantio Ocean, it will be seen thatr the axis is bent
downward 50 feet at 900 yards, 100 feet at 1300 yards, 200 feet at 1700
yards and 6§70 feet at 3000 yards.

A - r amw a
A sound bsam always has a oer

5 tain spreads FPlute 3 shows the
depth to which & ray making a given angle with the axis will penetrete
at any range. The decibel figures show how much the intensity at the
specified angle off the axis will be below the axial intensity. The
intensity figures are for & 19 inoh, 24 kilooycle projector and the
medium is assumed to be homogensous.

On Plate 4 are shown a set of ourves for a projector on n
destroyer with the axis of the beam initially 13 feet below the surfeoe.
The temperature gradient is -0,1° F/Tm = =0,03° c/ﬁ. the salinity is
uniform at 35 parts per thousand {ppt) and the dnitiel tempersture is
20° C at 13 feet, The curvature of the axis of the beam is the seme
es the =0.03° C/m ourve of Plate 2. The ray *1° 6' abovs the exis
Just grozes the surfece - assumed to be smooth = snd = ray at any
angle greater than this will be refleoted and or6ss to the lower side
of the axis as shown by the *6° ray. Since there is usually same
roughness at the sea surface, any rry above the axis will probably
be soattered or refleoted, and, therefore, the sxis becomes practiocally
the upper and limiting edge of the beam, This edge is quite sharply
defined and will pass under a surface vessel at about 1000 yards. This
is ochecked by the common experience of a sudden-and complete loss of the
soho at relatively short ranges when there is a negative tempernturs
gradient as specified., A submsrine, trying to avoid detection, should
stay as near the surface as possible when in water with e fairly large
negative gradient,

For a destroyer instellation, the curves also show the fu-
tility of ettempting to tilt the projector upward to compensate for the
downward bending of the beam. Even on a submarine, tilting the projestor
1s unnecessary bscause of the beam spread and intensities as shown in
Plate 3a
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In Plate 5 is shown a temperatir-e gradient with an inversion
of & type and degree occasionally found in: the Caribbeans Plate 8 sghows
the paths of the sound beam from e projeitcor on & destroyer under the
temperature conditions of Plate B, The snirel scone of the beam within
the limits *+ 2° 49' is confined to the liy~er above the temperature in=-
versgion dep'i?h and all the rest of the besm cutside the ocentral cone is
bent sharply downward and lies below the +-2° 60' curve, There is thus

g "dagf" ganc barmidad by he lpool of v Aweesrcduve {nwarcian ghowa
and the “2° L0' ~.va = The .o, wonis ¢ Uhe UES .., e Lo
deaf zone the destroye: oan get no echoet from the submarine nor van
it hear the submarine's propellers. Althoough the propsller noise
rediates in all direotions, sny ray et leisss thsan the oritiocal angle
will not pass through the inversion and mmyray at a greater than
oritioml angle will pass through and be resflected dowmward from the
air-water surface. The bounderies of the deaf szone are determinsd by
the paths of the rays, and, sinoe the bem pattern of a projector is
independent of the sound power output. tiee boundariss of the deaf zona
would not be affected by en inoresse in poower output, The safest
position for the submarine is the minimun depth at whioh she is com-

pletely below the temperature inversion laaysre

In the layer above the temperatumrs inversion depth, the eoho
ranges will be relatively long, possibly 66000 yards, but there will be
rapid and frequently large variations in i ntensities in a short dis-
tance dus to reinforcements and interfersrmocss by rays following dif-
ferent paths, or between refracted rays wnd reys reflected at the air-
water surfece with e 180° change in phasiw (See Plate 9)

The refraction sffects of Plats 6 are for the purticular tem~
perature gradients 6f Plete 5§, but some qmelitative generalizations are
possible:

(8) The boundaries of the dwaf gone are not materially
affeoted by variations i1 the gredient of the
layer above the inversin depth, but ss the gradi-
ent goes from negative to positive values, more
sound is ooncentreted in the upper Jayer and less
sound penstrates the imesrsion,

(b) Changing the depth of thes inwversion layer merely
raises or lowers the ceilking without changing the
lateral boundary which i= dotermined by the
oriticsl angle ourve, Wttt s shallow inversion
layer would ooncentrate r-elativaly more energy

in the upper layer and scomverssly.




(0) Inoreasing the gredient in the inversion
layer would inoreass the oritical angls, reducs
the rangs, inorease the stespness of penstrat-
ing ray and thus inoremse the deaf sons on the
side towar's the destroyer.

(d) An increase of salinity in the inversion layer
would produce the same effect as an inorease
in the gretient =s given in (o) above. Since
these terperature inversions often continue
for severul days, it seems necessary to assume
an inoreass in salinity in the layer to main-
tain a uniform density gradieat;othsrwise, the
lighter wurm layer ocould not be in equilibrium
with the colder layers above and below it.

Plate 7 shows the oase for a submarine at 150 fest under the
tempsrature gradient conditions of Plate 6. This shows & oritical angle
of 4° 31', All rays striking the inversion layer &t less than this
angle will be refracted downwards, and only those on the upper side of
the beam making an angle of 4° 31! or greatey oan strike a target near
the surface, The deaf zone is therefore bounded by the surfece and by
the critical angle ray, The range is limited to 1000 yards or less by
the angle and also by the lower intensity of the rays 6° or more off
the axls of the beam. Theoretically, the submerine may 4dncreass the
eoho range a few hundred yards by going to greater depths,but the
echo intensity would be low, as the ray striking the inversion layer
at the oritioal angle would be 5" or more off the axis of the beam.

If the submarine goes to a depth gdust under the tempereture inversion
layer she is less liable to be detected, but she alsc has & shorter
range for echoes or propsller noises from a surfnoe vessel,

Inversion layers of the type shown on Plate 6 have bssn
found oocasionally by the SEILMEB during winter and eerly spring oruises.
It seems probable that they might be more scommon during the summer but
there are no data. Their effeots have besn disoussed at soms length
because they illustrate so well the applicetion of the prinoiples
developed in the previous discussion.

164 Range = Intensity Data

The SEMMES and S=20 have collected a large amount of deta on
the variation of the intensity of the direct signal transmitted from
the SEMHES to the 8-20 on the surfece at different frequencies and undar
differsnt water conditions., The series of ourves, Plates 8 to 13,
show the range~intensity ourves and their associated temperature-depth
curves for goms broadly typiocsl oonditions. While these curves are
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broadly typioal, all gradations betwesn them have been found at different
times and places. The ourves show the direot signal strength, but it
Wug experimentally determined that for the equipment and techrnique usged
by the SEMMES end 5-20, the echo intensity from the S«20 on the surface
was 60 + 6 db below the level of the direct signal. At speeds under

12 knots, 0 db was the threshold level for 17 ko echoes on the SEMMES,
8o that any time the direot signal received on the 5-20 was 60 db or
more, echoes from the S-20 on the surface could be heard on the SEMMES,
The echo range may therefore be sstimeted roughly from these ourves.

The ourves also show the loss ooeffleient, o(, in decibels per thousand
vards {(kiloyards) for the different frequencles. The loss coefficient
inoludes all the losses or gains the sound beam suffers from absorption,
refreotion, reflection, jnterference, soattering and perturbations of
the axis of the beam due to pitohing, rolling or aoccidental errors

in setting, One outstanding point is that o isg consistently less at the
lower frequencies,

These data are presented to aid a destroyer soreen without
temperature mear ~ir- equipment or a submarine target in making an es-
timate of the pi > le echo range from a submerged submarine by means
of an experimental range~intensity run between two surfaoce ships st
a partioular time and plece interpreted in the light of this discussion.

Plate 8 illustrates a somewhat better than aversge range-in-
tensity run with its aasooiated temperature~depth curve. It was taken
beyond the 100 fathom curve on the /tlantio side north of Colons The
small positive tempersture gredient at the surface and the two small
inversions at 3 and 8 fothoms tend to refraot the bsam slightly upwerd
and maintain a penerally high intensity. The 60 db rule for 17 ke
would give about a 2000 yard echo range betwsen surfece ships. One
would expect zood echo ranges from a submarine at any depth above 76
feet. Due to the considerable negative gradient beginninz at 13 frthoms,
ranges would diminish on a target at greater depths,

Plate 9 was taken in the same arsa as Plate 8 and is siven to
show the large fluctuations dn intensity that may result from a tempere-
ture gradient ocurve as shown., The negative gradient down to 7 fathoms
refracts the beam downward, but the positive gradient from 12 to 14
fathoms refraots it upward; and, since there sare many paths of slightly
different lengths, there will be strong reinforcements and interferences
producing the fluctuations in intensity, although the average values for
& ars the swas as for Plaie &,

Plate 10 is rather typical of conditions beyond the 1000
fathom ourve on the Proifio side off Panama Bay. The loss ocoeffiocient,
A » is extremely high for the first 2000 yerds and then becomes extremsly
low, The initially steep slope follows from the large negative temperature

-~ 1] -




gradient near the § Tathom depth, (note that the tempserature socale is
five times that of previous ourves) but there are no adequate experie
mental data to e«plain o= 0.7 db/Kyd from 2000 to 15,000 yards.
Provisionally, ons may assume & considerably .aigher salinity in the
cold water that slowly refrects the beam upward, or the effect may

be due to reflections from the turbulent layer between the hot snd
cold water,

Plates 11, 12, snd 13 show an interesting daily cyele that
is frequently found in calm weatier of f Guentanamo in January to March
and illustrates the application of the preceding explanations to an
analysis of experimental data., Plate 11 shows a range intensity run
from 0837 to (0932 after a night of rather strong winds averaging 16
knots and reaching & maximum of 28 knots. The upper hundred fest of
water is therefore thoroughly mixed and the temperature gradient is
-0.0006 °C per meter. Although this is a negative temperature gradient,
Plate 2 ghows that the beam would be bent upwerd due to the pressure
gradient. The signal is therefors meintained at a high level through-
out the run and o( ™ 2,36 db/Kyd at 17.6 Kos.

Plate 12 taken from 1226 to 1324 on the same day shows an
entirely different picturs for both range-intensity and temperaturs-
depth curves., The wind had dropped to 3 knots by 1130 and was 1.5
knots by 1300, so the ses was dead oalm while the sky was bright and
clear all morning. This resulted in building up a gradient of =0.3°C/L
for the first 12 feet of ~0.0l7°C/H for the next 12 feet and =0.0024° C/k
down to 100 feet. The first twor layers would bend the besm sharply
downward, and the layer below 25 feet would bend it upward, but the
pressure pgradient alone would not bring it back to a peak value at
4500 yerds. No data are available on the temperatures below 100 feet
or on the salinity gradient. It seems logioal to assume a positive
salinity gradient to aid the pressure gradient in bendinz the beam
upwarde. Range-intensity curves of this type show the so-called
"af ternoon effect" and the "skip distance" effect. =zohoes out off
sharply at 1000 yards or less, but may oome in again around 4000 yards.

Between 1500 and 1700, & 13 t¢ 16 knot wind oame up which
mixed the upper layers of water, and after the sun went down rediation
and evaporation cooled the surface layer so that by 2000 to 2200, we
had the condition shown on Plate 13 with a high level of intensity and
o= 2,4 db/Kyd,

The experimsntal data given in Plates 8 to 13 certrinly em-
phasize ths point that too general oonclusions about weter conditions
in & given area must not be drawn from a simplified theory or limited
data, Thus, if cne measured the intensity of the direct signal at
17.8 kos. en Plate 12 between 2000 and 4000 yards only, he would find
8 gain in intensity of 1§ db/Kyd instead of a loss as the range increassd.

- 12 -




Similarly, tests made at 0900, Plate 11, or 2100, Plate 13, would rate
Guantanamo as exoellent for echo-ranging, but if made at 1300, Plate 12,
the rating would be very poor at 1000 to 3000 yerds, but might be good
at 4500 yards,

16+ Conolusions

From the above discussions, one might be tempted to conclude
that sound equipment had little chance to be effective or reliable.
Fortunately, meny of the limitations are abnormal rather than normal,
and there ere many more times and places where oonditions are fair to
good than where they are very poor, Just as in most places there are
more olear days than foggy ones, The analogy between water oconditions
for sound transmission and atmospheric conditions for light trengmis-
sion is rather closs. One does not expeot to see much in fog or dark-
ness and accepts that limitation or takes edvantage of it, so one should
not sxpeot to get echoes through a temperature inversion, but a submarine
msy use it &8 & means of esoape.

Present plans provide for & more extensive study of water con-
ditions, particulsrly the ocesnogrephic festures, in important operating
areas and their correlation with sound propagation. The new data will
be incorporated in future reports as soon ae available.
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UNITED STATES GOVERNMENT

memorandum

7103/911
PATE: 25 August 1999

FROM: Burton G. Hurdle (Code 7103)
SUBJECT: REVIEW OF REFS. (2) THROUGH (c) FOR REMOVAL OF RESTRICTIONS

10 Code 12211 LR T2 F(77

ViA: Code 7100

REF: (3) NRL Report S-1204, 16 Oct 1935, E.B. Stephenson /70~ 471 ;577
(b) NRL Report S-1670, 3 Dec 1940, E.B. Stephenson /D - )35 740

(c) NRL Report S-1722, 11 April 1941, E.B. Stephenson and F.J. Woodsmall
AD 22/ ¢ /5

1. References (a) through (c) are a series of reports and documents in underwater
acoustics. Refs. (a-c) have been declassified earlier, but restrictions still exist.

2. The science, technology, equipment and operational utility of these reports have
long been superseded. The current value of these reports is historical. :

3. Based on the above, it is recommended that references (a) through (c) be

available with no restrictions.

BURTON G. HURDLE
Acoustics Division

CONCUR:

Etbwd K72k /26
EDWARD R. FRANCHI Date
Superintendent

Acoustics Division

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

GSA FPMR(41 CFR) 101-11.6
5010-114



