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Authovizsution

1. Thio work wiy -uthorizea by the bureau of Engineering letters
liscted s roivronses,
Raferon-cesyval Dubng Ltet.C-u0d (L1-27-%) of 5 Ueceuber 1933,

(b) bung let. C-10172/841(12-18-Ds) of 14 July 193/.
Ctotement of Froblem

2. The fundumentil prodlem of this investigution wus to obtuin the
cbsorption snd reflection coeffizicnts of seu water us o function of fre-
quency for different wuiter conditions and for different conditions of
operation. The practical importance of these cocfficients lieg in the fuct
that if these constunts are known with reasonsble accurscy for the various
conditions it is possible to apply well established mathematical theory
in the design of equipment and to predict approximately the ranges obtain-
able under specified conditions of power output, frequency, dimensions of
transceivers, speeds of the two ships, uspect of target, and water condi-
tions, particularly depth, tempersture and purity.

Previous Data

3. A considerable volume of data on supersonics have been accumu-
leted by both Laboratory and Service personnel during the past ten years,
chiefly in the form of direct signal and echo runge data. These data have
often been conflicting (esg. maximum echo ranges varying from 700 yurds to
7,000 yaerds) and the explunction wius not elwuys obviouc. There are threc
rincipal factors in determining obtuinable renges; namely, appuratus,
wter conditions, end personnel. At first the variations were attributed
> apparatus, but the last few years water conditions, purtisularly tem-
psrature gradients, have been found to be big factors, end, of course,
there will clwcys be variations in personnel. Unfortunately, most of the
service renge data reports have not been accompanied by exzet statements
of the other conditions.
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4. The expeditions of the Engle boats in 1931 and 1933 obtained
considersble range dote under known conditions snd estublished the fact
that there is a grest difference between the wuters of Panume Bay, the
<en Pedro area and the Hawaiisn circa, ond thet the conditions in mny areo
vary with the sezsons. This gener:zl conclunion has becn checked by the
submzrines in Cocec Sole und Peurl Herbor. In Pancue from Jenuary to July
the ronges obteined cre relctively shorl, the weter ig full of animal end
vegetcble growth and there is & steep temperciuvre gridient. These condi-
tions disappecr more or less in the fall end runges improve. In the
Hawaiisn aree conditicns ere more wniform throughout the yeor and ranges
tre gredter end more constant.

5. In the New London rrec in the full of 1934 echo renges of 4000
to 6000 yards were obtsined in the shallow water of the Sound, bub in the
suamer of 1925 with the seme upparatus, personnel, ¢nd eret, echo rcnges

were genertlly limited from 1,000 to 1,700 yords with g few striking ex-
ceptions cpparently chowing ¢ "ckip dictance" effect.




6. In the early spring of 1934 excellent results were obtained by the
Eegle 58 in the Guantenamo, Cuba, ares, and the temperature gradient was
found to be very emall.

7. The developument of adequate meesuring equipment has been a major
problem in supersonics. Equipment has now reached the stage where sufficient-
1y accurate measurements can be made to evaluste some of the different factors
concerned in transmission of sound through water.

Theoretical Considerations

' 8. The expression for the absorption coefficient 18 derived from the
ﬁmde.-emta} equation for the transmiszsion of wave energy.

9. If a conical wave of sound is being sent out from a trenscelver
into a homogeneous medium of infinite extent, the intemsity I of the sound;
1.e., the rate of flow of sound energy through unit area at a given distance
will be proportional to the initial intemsity, Io, inversely porportional to
the square of the range, R, and will be subject to an exponentisl absorp-
tion. Expressed in a formula, where Ro is unit distance :

Ip =1, . M_  jooR

=

If the inten;it.ies 1) and Iy are measured at two differemt ranges R} and R2,
we have the equations ' : ' '

Il = _;I.B.;;lo"ml_ (1)
. ai"" .
= LR 20 (2)
| Dividing (1) by (2) to eliminate Io end Ro
- 2 '
A --(‘-‘f) 10%(R2- B1) (3)
I R .

. The intensities are measured in decibels above & standard :ererqnée level
Is &s defined by the equation o

db=10103—%— | (4)
e
sd a,..-dbzimlpg,_%_ \ (5)




Taking logs of both sides of (3) and substituting (5)

I Ro
log == = 2 log &= + R ~R
?g Is & Rl o )
) - —— .
.- 0.1 (dby - dbp) - 2 log Rz (6)
Ry - 3'1

10. The value of a defined by equation (6) 1z seen to depend on
the difference in intensities and on the range. The value of the Initiel
intensity Io must be maintained constant, but it is not necessary to know

' its absolute value. Since a may depend on the frequency, it 1s neces-
' sery to keep the frequency constsant during an experiment.

_ 11. In practice the ideal conditions sssumed In the derivation of
the formula for o seldom obtain as the medium is neither infinite nor
homogeneous. The experimental value obtained, however, is quite practical
a5 it is an over-all value that includes all the losses. If a value can
be obtzined under approximately ideal conditions, then deviations from
the idesl value are an indication of the effect and importsnce of other

conditions.

, 12. The effective reflection coefficient p may be defined as the
ratio of the intensity of the echo to the intemsity of the direct signal
which has passed through the same distance in the water (twice the echo
r renge) B % - ‘
‘ o TR - (1)
X

' Intensities are measured in decibels above some arbitrary level defined
- by the equation

‘db = 10 log I - (2)
Io '

Taking the logarithm of both sides of (1) and substituting (2)

dbg - dbg
10

log p =

This same formule may be derived in a manner analogous to the absorption
coefficient. Let & sound beam be incident on an area at & range R with

an Intensity 1y, then

R
: | y - bR 0° W
Re

If there 15 & reflector at this area, the new source becomes L., where
Ip = I3 , @ being a fraction. ‘The intenpity of the echo, Ilg»

going back over the range R 1s
-3~
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(2)

I =
R? R? RA

If there is no reflector at the area Ij and the sound continues in the
sene direction ¢ further distence R from 1j (the sume source &s the echo
but without loss from reflection or Ij = Ir.) ‘

2 ,.~aR ~-2aR
e w0 o .
R? R4

Dividing (2) by (3)

= p tnd log W e
I3 10

T . dbg - dby

13. The experimental procedure iz to transmit a slgnal of constent

intensity and frequency end to measure the intemsity of the direct signal

on the target ship znd of the echo on the transmitting ship. This is done

&t & series of renges to give the data for both absorption and reflection
‘coefficients. The reflection coefficlient is affected by all the factors

which affect the absorption coefficient and in asddition is affected by the
target. The ideal reflecting target would be an infinite plene perpendicu-
lar to the axis of the beam, but this 1s not even approximated under ser-
vice conditions. The coefficient obtained will very with the configuration
of the target and the angle of approach. It will also very with the fre- :
gquency or wave length. To have speculer reflection, &s contrasted with
scattering, the reflecting &rea must be large compared with the wave
length and this area will very with the configuration in the direction
perpendiculer to the &xis of the beam. The experimentel coefficient is

& practlcal value, however, as it includes all the losses from any cause
¢nd makes no sssumptiocns &s to the mechanism of reflection. The experi-
mental procedure requires thet the measuring spparatus for both the echo
und the direct signel be calibrated against the seme stendard.

14. The tempercture affects sound transmission particularly if

there are either horizontal or verticel stratifications. The velocity

of sound increases with the tempersture. If there is & considerabie dif-
ference in temperature between the surface and lower levels the sound besm
is refracted dowmwards znd mey pass too far beneath a surface ship to be
detccted. Also, where there is an abrupt change in temperzture between

& wernm surface layer end a colder deeper layer, the two layers ere ususlily
moving with respect to each other producing & turbulemce at the boundery
that absorbs or scatters the sound. It is frequently possible to get a .
good echo from this boundary leyer in the Gulf Streem or in Punams Bay.

" Qbviously if such & boundery lsyer will give &n echo it must interfere

with the normal transmission of the sound.




Laboratory Work

- 15. Consideruble laboratory work was neceesery to develop the two
sets of appuratus for making the quantitutive meosurements and in stenderd-
izing them so that results would be camparable. Also prictice 1s necessury
for the personnel to get accurate and consistent results.

II. METHODS
Materiel

. -16. The essentizl measuring apparatus consists of two transceivers
~and two sound analyzers. One transcelver was designed to give a flat re-
. sponge over a wide range of frequencies. The other was a stunderd JK type.
The two analyzers are identical in principle. They have a sensitivity
‘that 1s uniform within 1 db from 10 to 50 kilocycles and a selectivity such
that the response 1s 10 db down at + 500 cycles from any Selected frequency.
Number 1 has a total attenuation range of O - 70 db in 2 db steps snd Mumber 2
= . has a totel range of 0 - 140 db. Measurement mey be made on a thermal meter
- vhich measures the amplified high frequency energy directly, or onm phones by
' _heterodyning and detecting. Mo audio amplification is used. For phones the
sero level is minimum audibility and the sero on the meter can be adjusted
at & known db level above this, Each analyzer has a self contained standard
signal generator for adjusting the frequency and the amplifier gain. -,

: 17. The two complete equipments were calibrated by -instelling them in

-the two wells in the main sound room of the SEMMES and transmitting & signal
7. of constant intensity and known frequency from the D-2 unit in the after '
. sound yoom for simultaneous measurement on the two analyzers. This calibra-
tion 1s independent of the absolute velue of the signal from the D-2 driver.

18. For the absorption and reflection studies, Number 1 analyzer and
trunscelver were mounted in the main sound room of the U.S.S. SEMMES. The
Number 2 analyser end JK transceiver were installed on the 5-20.

Expepjments
o 19. An elaborate schedule of tests had been planned, particularly
for the reflection coefficient determinations, but due to the limitations

of time end the adverse wuter conditions only & simple program could be
. carried out in the New London area in July 1935. o |

20. The SEMMES and the 5.20 proceeded to deep water on the 1,000
fathom curve at approximately Lat. 40° N. and Long. 70° W. The two ships
took the same snd parellel courses abeam, the S-20 submerged to periscope
depth and ran at 3 knots. The SEMMES trsnsmitted & signal of constant
8trength and known frequency and the S-20 measured the intensity of the
direct signal. The SEMMES messured the range end the intensity of the .
echo. The renge was then increased by the SEMMES and the measurements
were repeated for & series of ranges. The SEMMES recorded the injection

. water temperatures at regular Intervels and the $-20 recorded the tempera-

- turee on e thermometer outside an eyeport in the conning tower. At leest

once ea.:h day the S-20 made & deep dive to obtain the vertical tempersture
gradient.

DB
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21. The data t.aken duri.ng the sound anel sis of the 5-~-20 in October
1934 and. August 1935 may #lro be used to calcula{e eébsorption coefi‘icim::
.." as & function of frequency since intensities of the propeller noises were
.-, measured at two different renges and at twenty different frequencies between
- 10 and 45 kilocycles. It should be understood that the values obtained .
i ”apply with certainty only under the conditions steted.

5 '22. The technical work was done by Dr. E. B. Stephenson, Mr. W. W.
muan, and lr. w. F. Curt:ls assisted by the radio personnel on the two .

m- ‘MA OBTAINED _ ‘ _

. 23. The data obteined on two days In deep water st 17.3 kilocycles

' ‘are shown in Plate 1. All the determinstions made &re shown. The range
wae increased by steps to some 4,000 yerds oxd then decreased. The measure-
aente extended over some 6 hours in time ond 18 miles in distence on July 25
so that changed conditions may account for the scattering. Lines are drawn
that are considered to give & group averoge and a 1is cslculeted from the
curves for the two days. The fit for July 24 is pretty good as all of the

- points except two are within 2 db. The values of a for the two curves on

July 24 are close but they are on different levels for the two runs. This

moy be explained by the fact that the technique improved after the first

run on the first day. On the July 25 curve slightly more weight is given

to the high velues as there was considerubly fading und it is easy to get

low read:lnga.

2,. The data for 23 kilocycles are shown in Plate 2. The points are
~ scattered and the line is an approximation &t best. It should pass below
the two short renge points (Refs. comment on Flate 5).

2s, Plate 3 shows detz obtained on the Eagle 58 expedition in 1934,
The Number 1 anslyszer and transceiver wuts used for recelving but the fre-
quency was 30 kilocycles. There was no tempersature gradient. The runges
are greater and the data more consistent. ‘ .

"26. Pluete 4 shows the rcletion between absorption coefficient and
rrequancy for propeller noises in deep znd shallow water at short renges
of 1,000 to 2,000 yards. Each point is the average of ten or more separate
determinations under different conditions. HNote thet the scale for deep
water 1s tem times that for shallow wuter.

27. Plete 5 shows five curves cslculeted from the formuls

R

' for By = 1, an assumed reasoncble value of Io, and different values of a

that cover the range of the exparimentsl velues. When written in the
' 1ogar1thmic form to facilitzte calculetion,

db=101log I =10 (log 1o ~ 21log R~-a R )




1t will be noted thut the 2 log R term is numerically large compured to a R
&t the short renges but thut zt the longer ranges the a R term is the larger.
Thus, there is an approximutely linear relation between db and renge beyond
1,000 yards. The "best" struight line drawn through the points between 1,000
yerds &and 4,000 yards would not be in error more than 2 db. This Jjustifies
the use of straight lines in Plctes 1 and 2 and elso Justifies drewing them
below the short renge points. *

28. Plate 6 shows the vertical temperature data taken by the S-20 in
different areus at different times. In deep water there was & layer of werm
water of fairly uniform temperature about 30 feet deep on top of a much
colder leyer. From 30 to 50 feet below the surface there wes a drop of 5° C
or more. In the shallow water of Block Island Sound there was considerably
mixing by the tidal currents and the total differemces are not so lerge
nor is the change so abrupt.

- 29. Plete 7 shows some horizontal temperature date taken by the two
ships on different days. The dats taken by the 5-20 are probably saccurate
to 0.2° C. and on the SEMMES to 1.0° F. The curve for August 16 shows the
lergest and most repid veristions.

30. Plete 8 shows some interesting data on the background of noise
on the SEMMES &8 a function of speed and frequency. Too much weight should
not be given to the frequency relations because the X-2 transceiver does
not have a uniform response with frequency. The data apply only for this
trensceiver. The readings were mede on the analyszer meter whose zero laevel
is sbout 40 db above minimum audibility on the phomes. It will be noted
that the background 1s fairly constant up to a speed of 12 knots but increzses
rapldly up to 20 knots. Other tests have shown that 15 knots is about the
mexinum speed for echo ranging in shallow water on account of the background
of noise. The noigse is less in deep water. :

31. The X-2 transceiver has a rubber case but the front and back
faces are flat. Plate 9 shows the effect of the bearing of the transceiver
on the noise at two different speeds. The bearing difficulty hes been
largely elininated by the use of a spherical tranaceiver.

32. The reflection coefficient data are unsatisfactory due prinari-
1y to the variable water conditions. The data taken in deep water on two -
different days and at two different frequencies for echo ranges from 800
yards to 2560 yards are given in Table 1. The dets would indicate that
the port side of the 5-20 is a much better reflector than the starboard
£ide but there is no obvious reeson for such & result and the data are not
sufficlently accurste to warrant such a conclusion. It will also be noted
that the reflection coefficient 1s largest where the absorption coefficient
iz clso large. This 1s not inherent in the formula or the method of meas-
ursangnt and is assumed to be accidental.

33. The sensitivity and reliability of the apparatus and techni-

-que glve resdings that would be correct to within + 2 db but the water

conditions were such that this degree of precision could not be maintained
for uny extended series of reuadings, nor were there a sufficieat mumber
of readings to permit statistical treatment other than plotting and draw-
ing the "best® line through a number of points. The data are not suffi-
ciont to warrant any concluslons on the variation of a or p with fre-
quency, or on the varlation of QR with bearing of the sulmarine. The

' _ -
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variation of absorption coefficlent with frequency for propeller noises in
shallow water is probably valid since each point is the average of 10 or
more readings. The reflection coefficlent data is perticularly unsatis-
factory due to the changing conditions and the limited amount of date. How-
ever gince o is a2 logarithmic function of the intensities as measured one
nust think of the numerical values as orders of mzgnitude rather than per-

cents.

IV. CONCLUSIONS

.Facts Established

3. Absorption coefficlients have been determined that lie within
the 1imits of a = 0.0005 and a = 0.0020. The most conslistent previous
results were obtained in the Hewaiian ares where a = 0.00065.

35. The reflection coeffléient data are too irregular to warrant
conclusions. ' ‘

36. The temperstures in the New London ares are irregular and show
both horizontal amd vertlcal gradlents.

inionsg

‘ 37. The New London ares has at no time been found suitable for ac-
curate quantitative work. The weather ls varlable and the distance to deep
water is too great. Satisfactory data camnot be obiained in shallow water
due to irregular bottom reflections. :

38. The aepparatus and technique would give accurate quantitative

~lata Lf water conditions were sultable.

Recommandationg

39. It 1s recommended that these experiments be continued in a suit- '
cble area &8 soon as possible. Guantanamo, Cubs, 1s knom to be a sultable
zrec from January to Herch inclusive. ) : )

V. DISCUSSION
40. A considerstion of Plate 5 shows the possible lines of develop-

. aent in sound gear to increuse the range. They are

(a) Incretcse the initicl intensity, I,.
(b) Lower the noise level.
(c) Operate at a frequency where a is low.

It is possible to increase the initizl sound intensity by increasing the
electrical input into the trunscelver, or by improving the efficiency of
the conversion of electrircal energy into sound energy, or by a combination
of both. Suppose that it 1z possible to increcse the sound output by a
fuctor of 10, what will be the increase in range of the direct signal?

A fector of 10 in power correspoads to 10 db. On the curve a = .0010 the
increuse in range would be opproxinmately 1,000 yards. Exactly thc same
gain in runge cun be obteined by lowering the effective nolse level

10 db. Increasing the galn of the amplifier is effective only up to the -

point where the water nolse iz approximately at the signal level.
-8-




21. The ubsorption coefficient 1s inherenily a property of the watcr,
but it is & functioa of freguency und by a proper cholce of frequency the
cffeet of a may be reduced. At present there sre no quuntitative detu on the
relation of a or W to freuuency except for the specicl conditlon of pro-
peller noises but the quelitative datu for a poiut definitely to the lower
frequencles. |

42. Te effective reflection coefficlent is also believed to be a
function of frequency but there are no satisfactory data. '

- 43. The importance of a falrly accurate knowledge of the absorption
and reflection cocfficients as functions of frequency and other variable con-
ditions is obvious in that they vitally affecct the further development of :

- underwater sound apparatus. -




Toble 1

Reflection Coefficients in Decp Water

Direct Signal

. Echo at et

Dote _ _Tine Beerinz Ronge GEchoatR B 2R Llogp W

24 July 1450 92 1600 00 44 10 -1.0 0.10
17.3 kes 1520 97 1840 -2 42 0 2.4 0.004

1725 82 2000 -2 8.5 11 . -1.2 0.05

1730 84 1700 +6 . 54 23 <17 0.02
25 July 0625 262 1300 +2 64 51 -4.9 1.3x10™7
3 17.3 kes 0637 280 1050 +6 70 56 -5.0 1.0%x10~5
4 SR - 0655 277 1600 +4 64 44 4.0 1.0x07
25 July 1315 300 80 -8 72 56 6.4 4.0x1077
23 kes 1340 274 1120 -24 58 48 7.2 6.3x1078

U L 1T 25 2560 26 M 16 -4.2 6.3x10°5
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FECTRACT

btodier of abrorption :tnd reflection coeflicisn*s of high fre-
gucney sounds were mude in decp wubter off° Lhe wow London ares in July
1935,

The appuratus cnd technigule wre s;tiafa:tnr; for cecurscre
suantitutive date but the water coudition: in the wren were variable.
There are relatively large horizontsl cnd vgrti:al temperLture sradi-
ents which limited the runge snd consistency of the recults Values
of the absorﬁtion coeffiziant were found tn“t 1iz petween a = 0. 3005
and a = 0.0020.

Dete ure glven on the buckground of noice on Lhe SEPINE -o a
function of speed, frequenny, wnd beoring of the trunsseiver.

s reage chart ic ;iven chowing the poccible goin ia ronge to
be obtzined by inereacing the initizl cound output, by lowering the
noize level, or by ueleulqg . frequency to gzive ¢ low velue of ab-
forption.




