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“eimme e e Thlsowork wer ruthordzea by the Burenu of Bnglneoring letters
- lleted we rercrences. ' _

e Daferencetin) Dubng let.C-i08{11-27-%0) of 5 Deceaber 1933.
oo 2 T(by buang let.C-80172/841(12-18-Ds) of 14 July 1934.

Stntenent of Frobvlem

2. The fundunentu] problen of tiils lnvestigution wus to obtiln the
zbgorption nnd reflection coefti-ionts of seu wuter e o function of fre-
quency for different witer conditions wnd for different conditlons of
operatisn. Theo pructical lamportance of these coeffizlents liecz in the fuct
thut if these. constunts are xnown with reasonable accuracy for the vurious
conditions it is possible to upply well established mathemuticanl theory
in the ‘design of equipmont and to predict approximately the ranges cbtain-
nble under specificd conditions of power output, frequenecy, dimensions of
trunscelvers, speseds of the two ships, uspect of target, and wuter condi-
tions, purticulcrly depth, temperuture and purity.

i

Previous lata

3. A conciderable volume of dutsn on supersonics have teen uccumu-
. lited by both Lakorutory and Service personnel during the pust ten yeurs,
chicfly in the form of direct signal -und echo runge deta. These datu hove
oftcn been conflicting (e.¢. maximm echo runges verying from 700 yurds to
7,000 ycrds) and the explonction wis not wlwuys obviouc. There wre threc
principal fectors in determining obtuinuble runges; numely, appurttus,
wi.tor conditions, wnd persomnel. At flest the vurlation: were cttributed
t> npparatus, but the lust few yeurs wnter ccaditions, purti:ulurly tem-
p--ature gradienis, have teen found to te big fuctors, &nd, of course,
there will clwiys be variztions in personnel. Unfortunately, most of the

scrvize runge dots reports huve not been uccompunied by excct stotements
of the other conditions.

4. The expeditisns of tihe Ergic boats in 1931 und 1933 obtzined
consridersble runge dotn under xnown conditlons and estnblished the fuct
that there 15 & greut differcnce betnewn the wuters of Punune Buy, the
Zen Pedro crea wnd the Hawailen wrvu, nd thit the conditicns Ir nny ree
vory with the scesonsz. This ceanerti conclucion hre becn chiecked by tlc
sutmerines 4n Coce Yolo wnd corl losbor.  .n lidne from J:n:nry.to Ly
e Fahger obLteined Lre reiitively chos', e wictes 4o e 0l fhalda 1
veocteble prowth anc therc 30 o ctecep tempert brre oridlent e w conit-
tions dirrppetr rore or less In tre feil snd monger inprove.  In “he
Hewulisn srec corncéiticn: ere more wiforr ‘hroughout the jois
ire grieier &nd GoNe cotl tent.

ena Tilice.

f. Ir *hc liew, London sre: ir e tral of 193, e~he rir.o: ol 000

Lo 000 yrrd: were cbitincd frn the hellow weler of thec (to.nd, T- % i ‘e

SULer Of 107% with “he LLRC LppiTi i, fOSonnei, tro tres, ko rincd
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5. In the esrly eprirg of 197 excellent results were obtainced by the
Legle 58 in the (uentunanmo, Cuba, arct., snd the temperature prrdient wab
found to be very wmall.

7. The development of esdequa‘e nmecsuring equipment koo bteen o melor
problem in supersonirs. Equipment has now reuched the stage where suffi-ifent-
ly sccurate measurements can be mzde to evilwste some of the ulfferent fu-tors
concerned in transmiesion of sound through wuter.

Theoretical Considerutions

8. The expression for the sbsorption coefficlient is derived from the
fundumental equation for the transmicsion of wave eneryy.

5. If a conical wave of sound i:c being cent out from a trznscelver
into & homogeneous medium of Infinite extent, the intensity 1 of the sound;
l.e., the rate of flow of sound energy through unit ares et a given dirtunce
will be proportional to the initisl intensity, L;, inversely porportioncl to
the square of the range, R, and will be subject to an exponentirl sbsorp-
tlon. rtxpressed in a formula, where Ro is unit distance

-1, . B8 . 1079R

R -o-?-

If the intensities 1, and I, ere messured at two different ranges R} and R2,
we hove the equations

1

1, = Lok 10R1
1 3 (1)
Ry

_ fgfg 107°f2 (2)
i

Dividing (1) by (2) to eliminate Iy and Ro

-
_..L-I =: ’.{3 ‘
I, R/
The intensities are measured in decibels &bove & stendsrd reference level
1g as defined by the equation

100(}12‘ R1) (3)

db = 10 log —i- {4)
15
and & - db, =101log _11 (5)



Taking logs of both sides of {?) end substituting (5)

log L3 W log B2 ¢ o (R -R)
Iz R
0.1 (dbj - dby) - 2 log M2
. - 1 2) ¢ n (6)

Ry - R

10. The velue of a defined by equation (6) ir seen to depend on
the difference in intensities and on the range. The value of the initlel
frtenrity Ip must be malntained constant, but it is not necesssry to know
its absolute value. Since a may depend on the frequency, 1t 1s neces-
szry to keep the froquency constant during an experiment.

11. In practice the idesl conditions assumed in the derivation of
the formula for a seldom obtain as the medium is neither infinite nor
homogeneous. IThe experimental value obtained, however, 1ls quite practical
as it is an over-all value that includes all the losses. If a value can
be obteined under epproximately ideal conditions, then devistlions from
the ideal value ere an indication of the effect and importunce of other
conditions.

12. The effective roflection coefficlent } may be defined as the
rotio of the intensity of the echo to the intensity of the direct signal
wl.ich hes passed through the same distance in the water (twice the echo

renge)
= (1)

Intensities are measured in decibels above some arbitrary level defimed
ty the equation

db = 10 log -2~ (2)
IO

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

dbe - dm
10

logp =

This same formule may be derived in a manner amalogous to the absorption
coefficicnt. Let & sound beam be inclident on &an area at o range R with

en Intensity Iy, then

10—63
L = ‘Iﬁ (1)
r°

If there 1s a reflector at this ereas, the new source becomes 1., where
I = Iy , p being ¢ fraction. The intensity of the echo, Ilg»

going back over the range R is
~3-
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1f there 18 no reflector at the ures I3 and the sound continues in the
ienc direction ¢ further distsnce R fron 1j (the sume source te the echo

1

vut without losr from reflection or Iy = Ir.)

2 | -af -
1g = MR 107 LoRS 107R (3)
R? RS
Divicing (2) vy (2J
I, db, - db
= = B end log o = e d
14 10

13. The experimental procedure ig to transmit & signul of constent
intensity and frequency and to measurc the intensity of the direct signaol
on the turget ehip and of the echo on the transmitting ship. Thic is done
Lt & serles of ranges to yive the dati for both absorption and reflection
coefficientsi. The reflection coefficient is affected by all the factors
which affect the absorption coefficlient &nd in wddition 1. affected by the
target. The ideal reflecting target would be an infinite pline perpendicu-
lar to the axis of the beam, but this 1s nol even approximeted under ser-
vice conditions. The coofficient obtained will vary with the configurstion
of the target and the angle of approach. It will alse very with the fre-
Guency or wave length. To huve speculer reflection, &s contrasted with
scattering, the reflecting wrea muct be large compered with the wave
length and thic aree will very with the configuration in the direction
perpendiculer to the uxis of the beam. The experimentul coefficient is
8 pructicul volue, however, as it includes all the losses from any cause
ind nakes no sssumpticns &8 to the mechunism of reflection. The experi-
mentel procedure requires that the messuring spparutus for both the echo
wnd the direct signil be calibruted sgeinst the sume stendard.

14. The tempercture uffects sound tronsmiesion purticulerly if
there wre elther horlizontal or verticel stratificutions. The veloclity
of round increuses with the tempertture. If there is a considersble dif-
ference in tempersature between the surfuce and lower levels the sound beum
ie refricted domwards end mey pass toe fur beneath a surfece ship to be
tetezted, Aloo, where there 1s sn sbrupt change in temperuture betwieen
u wern surfece leyer ond a colcer deeper layer, the two layer:s ire ususily
moving wlth recpect to ecch other produclng ¢ turbulence st the boundsry
thut sbsorbs or scatters the scund. It is frequently posciltle to get a
tood echo from thie boundesy leyer in the Gulf Stresm or in Punume bay.
Obviounly if such & boundery luyer will give &n echo it must interfere
with the normal truncniccicr of tha sound.
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15. Comcidertble laberetory work wot necesstry to develop the two
sets of apptratus for mukimg the quantitutive mensuremente mnd fn stends rd.
fzing them so that resulis would be comparuble. Also pruietico is necensory
for the porsomnel to get sccurste and consistent results.

-I3. METHODS
| ilagggi_e_}_._

_ 16. The osaenticl measuring apparatus consists of two tranceelivers
and two sound ‘analyzers. Ome transcoivor was designed to give a flat re-
sponsc over a wide range of frequencles. The other wos a stunderd JK type.
The two analyzere are identical in principle. They have a sensitivity
that is uniform within 1 db from 10 to 50 kilocycles and & selectlvity such
that tho response 1s 10 db down at ¢ 500 cycles from any nelected freguency.
Number 1 has a total attenuation runge of O - 70 db in 2 db steps cnd Number 2
has a totel range of O - 140 db. Meusurement mey be made on a thermal meter
which measures tho emplified high frequency energy directly, or on phones by
heterodyning and detecting. MNo audio amplification is used. For phones the
zero level is minimum audidility and the sero on the meter camn be adjusted
at & knowm db level above this. &Zach analyzer has a aelf conttined stundurd
signal generator for adjusting the frequemoey and the emplifier gain.

17. The two camplete equipments were callbrated by instelling them 1n
the two wells in the main sound room of the SEMMES and trunsmitting & eignal
of constant intensity and known frequency from the D-2 unit in the ucfter
sound roon for simulteneous messureacat on the two analyzers. This callbra-
tion 16 independent of the abaolute value of the signel from the D-2 driver.

18. Por the absorption und reflection studies, Number 1 anolyzer cnd
trunsceiver were mounted in the main sound room of the U.S.5. SEMUES. The
Number 2 analysger end JK transceiver were instulled on the S-20.

Experiments

19. An elsborate schedule of tests hud been plenned, particulurly
for the reflection coefficient determinotions, but due to the limitetions
of time end the ndverse wuter conditions only a simple program could be
ctrried out in the New London area in July 1935. :

20. The SHBMES and the $-20 procceded to deep wator on the 1,000
futhom curve at approximately Lat. 40° N. ond Long. 70° W. The two ships
took the tzme ond parallel courses abeam, the 5-20 sutmerged to periscope
depth ond ren et 3 knots. The SEMES trinsmitted & signal of constant
strength and known frequency and the $-20 measured the intensity of the
direct signol. The SEMMES measured the range and the intensity of the
echo. The runge wus then increased by the SEMEES and the ueasurements
were repeated for & series of ranges. The SEMMES recorded the injection
woter temperatures at regular intervals and the 5-20 recorded the tcmpera-
tures on & thermometer outside en eyeport in the conning tower. At lecst
can!::;1 each doy the 5-20 made & deep dive to obtain the vertical temperature
gradient.

-5



. 21. The date taken during the sound anclysis of the 5-20 in October

1934 and August 1935 msy rlro be used to ctlculate ebsorption coeffiuien::
as & function of frequency since intensities of the propeller noises were
metsured at two different ringes cndg ct twenty different frequencies between
10 and 45 kilocyclec. It chould bo underctood that the volues obtcined
apply with certeinty only under the conditions steted.

Persoppel

22. The technical work was done by Dr. E. B. Stephenson, Mr. W. W.
¥lcomon, and Mr. W. F. Curtis assizted by the redio personnel on the two

. Shipe.
#1%. DATA OBTAINED
Data

23. The datn obteined on two days in deep wuter &t 17.3 kilocycles
are shown in Plate 1. All the determinstions made are shown. The range
wes increased by steps to come 4,000 yerds wnd then decreased. The meacure-
aents extended over some 6 hours in tine wnd 18 wmiic: in Gistence on July 25
so that changed conditionsc mey cccount for the sccttering. Lines &re drown
that are considered to give = group evertge end a 1s cclculeted froam tle
curves for the two deys. The fit for July 24 is pretty good &s £ll of ttre
points except two are within 2 db. The vclues of a for the two curvee on
July 24 are close but they are on different levele for the two runs. Thie
nsy be explained by the fact that the technique improved ufter the first
run ob the first day. On the July 25 curve slightly more weight is glven
to the high velues ss there was considertbly feding und it is casy to get

low readings.

2,. The date for 22 kilocycles wre shown in Plate 2. The pointe zre
sctttered and the line is an tpproximution ¢t best. It chouwld pass below
the two short renpe points {(Refs. comment on Plete 5).

25. Plate 3 shows duti obtiuined on the Eggle 58 expedition 3n 19724,
The Mumber 1 anslyzer end tronzceiver wes used for rcceiving but the [ie-
quency was 30 kilocycles. There wut no tempernture gradient. Thoe ron,, ..
ars grester snd the date more consistent.

26. Plcte 4 shows the rclstion bLetween cbsorption cocf'ffcicn’ wnd
frequency for propeller noléc: in deep tnd challow wuter ut short ronges
of 1,000 to 2,000 yards. Each point if thc cversge of ten or more repuri.te
determinations under different conditions. Holc thzt the scule for deep
water is ten times that for shullow wuter.

27. Plete 5 showg five curver ecalculeted from the fortule

1= LRS 10 F

for R, = 1, an assumed reesanctble value of 1o, and different vilues of u

thet cover the range of the experimentel velue:. Wion written in the
logerithmic form to facilitete culculetlon,

db=101031210(loglo-ZlugR—ﬂR)



. 2l. The date taken during the sound snelysis of the 5-20 in October
1934 and Auguet 1935 may clro be used to ctlculsate cbcorption coefficlente
as & function of frequency since intensitles of the propeller noises were
messured at two different renges ond &t twenty different frequencies between
10 and 45 kilocycles. It chould be understood that the values obtcined
apply with certeinty only under the conditions steted.

Persoppel

22. The technical work wes done by Dr. E. B. Stephenson, Mr. W. W.
Nigeman, and Mr. W. F. Curtis assisted by the radio personnel on the two
ahips.

 SEE. DATA OBTAINED

Data

23. Tho data obteined on two days in deep wuter et 17.3 kilocycles
ere shom in Plate 1. All the determinations made &re shown. 7The range
was increased Dy stope to rome 4,000 yerds wnd then decreased. The mescure-
aents extended over some 6 hours in time tnd 18 wiice In distence on July 25
so that changed conditions mey cccount for the scettering. Lines cre druwn
that are considered to give & group evertge snd o 18 crlculcted froam the
curves for the two days. The fit for July 24 is pretty good &s &11 of tre
points except two ard within 2 db. The values of a for the two curves on
July 24 are close but they are on different levele for the two runs. Thie
may be expleined by the foct that the technique improved wfter the firet
rmm on the first day. On the July 25 curve slightly more weight is glven
to the high vetlues as there was considerubly fading und it ic cusy to get
lown readings.

24. The dats for 23 kilocycles cre shown im Plate 2. The polnte cre
scottered and the line is an cpproximstion ot best. It should pass below
the two short renge points (Refs. comment on Plete 5).

25. Plate 3 shows dete obtiined on the Engle 58 expeditien in 192/4.
The Mumeber 1 snalyzer and trensceiver wes used for rocelving bLutl the fie-
quency was 30 kilooycles. There wus no tempertture gradicnt. Thu rin,..
ere greater and the data more conrictent.

26. Plcte 4 shows tho rclstion between acbsorption cocificlicent wnd
frequency for propellcr nolites in deep tnd chullow wuter Lt short ringes
of 1,000 to 2,007 yards. Eech point ir thc cversge of ten or more repar:ite
determinations under different conditfonc. Nolc thtt the scule for deep
water is ten timer that for shsllow wuter.

Z7. Plete 5 showme five curver ctlculeted from the formule

1 = IRE 10 R

for R, = 1, an assumed reasonctble value of la, and different veluer of a

that cover the range of the expaerimentol veluer. Weon written in tie
logerithmic form to facilitete culculitlon,

db = 10 log £ = 10 (log 1o - 2 log R - a R )



it will be noted thut the . lop R term is numerically large compured to a R

&t t:e short runges tut ‘it 1t the longer ranges the a R term ie the larger.
Thus, there is an approximitely linour relation between db and runge beyond
1,000 yards. The "best" ti: i ht line drawn through the points between 1,000

yird. and 4,000 yards would no' be in error more than 2 db. This justiiies
the use of stralgint iinus in Plate: 1 and 2 and also justifies drewing them
telow the short ringe points,

<8. Plate € show: the vertical temperature data taken by the S-20 in
different areus st different times. 1n deep water there was a layer of werm
wrter of fairly uniform temperature sbout 30 feet deep on top of & much
colder luyer. From 30 to 50 feet below the swurfuace there wes o 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 differences are not so lerge
nos is the change so abrupt.

9. Plete 7 shows some horizontal tempersture data teken by the two
ships on different days. The date taken by the 5-20 are probably accurate
to 0.2° C. ond on the LEMMES to 1.0° F. The curve for August 16 shows the
lergpest and most roplid voristions.

30. Plute 8 showc sone interesting data on the background of noice
on the SMMES aB a function of specd and frequency. %Too much weight should
not be given to the frequency relatlions bectuse the X-2 tramscelver douos
not huve & uniform response with frequancy. The data apply only for this
trnsceiver. The reudings were made on the analygzer meter whose zero level
in about 40 db above minimum audibiliity on the phones. It will be noted
that the background is fairly constant up to a speed of 12 knots but Increcses
ri.pldly up to 20 knots. Other tests have shown that 15 knots 1s about the
mexinum cpeed for echo ranging in shallow water on account of the background
of noise. The noipe is less in deep water.

31. Ths X-2 transcelver has a rubber case but the front and back
fuzen are flat. Plate 9 shows the effect of the bearing of the trunsceiver
on the noiae at two different speeds. The bearing difficulty has been
largely elininated by tho use of a spharical transceiver.

32. The reflection coefficlent data are unsatisfactory due prizari-
17 to the variable water condiiions. The data token in deep water on two
different days and at two different frequencles for acho ranges from 800
yards to 2560 yards are given in Table 1. The data would indicate that
the port 2ide of the 5-20 is a much better reflector than the starboard
£ide but there is no obviouc reeson for such & result and the duta are not
sifficiently accurate to warrant such & conclusion. It will also Pe noted
t:t the reflection coefficient 1s largest where the uabsorption coefficient
i: Zlso large. This 1s not inherent in the {formula or the method of meas-
ureapgnt and is assumed to be accidental.

33. The sensitivity wnd reliability of the appuratus and techni-
que give resdings that would be correct to within + 2 db but the water
conditions were such thut this degree of precision could not be maintaincd
for uny cxtended series of reudings, nor were there a sufficient number
of readings to permit statictical treatment other than plotting and draw-
ing the "best® line through a number of points. The data are not zuffi-
cient to warrant amy ~orclusions on the variation of & or yu with fre-
quenzy, or on the virlsation of K with bearing of the sulmarine. The

-7-



variation of abeorption coefficient with frequeancy for propeller noises in
shallow wuter is probably valid since each point is the averuge of 10 or
nore readings. The roflcection coefficlent data is particularly wunsatis-
factory due to the clLauglng coudislons and the iimited amount of date. low-
ever since a 1s a logarithamic function of the lntensities as mensurod one
must think of the numerlcal values as orders of mzgnitude r-.ther than per-
cgnts.

IV. CONCLUSIONS

Facta Estoblished

3L. Abcorption coefficlients have becen determined that lie within
the lizits of o = 0.0005 and a - 0.0020. The most consistent previous
results wore obtained in the Humaiinn area where a = 0.00065.

35. The reflection coefficient data are too irregular to viurrunt
conclasions.

36. The temperstures in the New London ares are irregular and show
both horizontal and vertienl gradients.

Opinions

37. The New London area has at no time been found suitable for ac-
mrate quantitative work. 7The weuther 1s varlable und the distance to deep
waber 1s too great. Satisfactory data cannot be obtained in shallow weter
lue to irregular bottom reflcctions. )

38. The apparatus ond technique would give uccurate quantitative
inta if woter conditlons were suitable.

econmandationg

39. It is recammended that these experimants be continued in o suit-
zble tran co soon as possible. Guantanamo, Cubz, is knomn to be a suitable
crci. from Jonusry to Marsh inclusive.

Y. DIscUSSION
40. A considersation of Plate 5 shows the possible lines of develop-
~ent In sound geur to increwse the range. They wrs

(u) Increcce the inisizl intensity, I,.
(b) Laower the noluc level,
(¢} Operste at & frequency where a is low.

1% is porcible to lncrease the Initizl sound intencivy by increusing the
cicetricsl lpput into the trunceelver, or by lmproving the efficiency of
the ~onvercion of elentric.l enc-iy Into sound encryy, or by & combinztlon
of woth. OLuppose thut it lc pocilble to increcse the sound output by a
c ~tor of 10, whut will be the increwie in runge of the dircet sigaal?
A fietor of 10 in powsr corruspondi: to 10 db. On the curve a = .00L0 the
inzreeie in runge would be cpproxinately 1,500 yurds. Extctly the sume
cuin in runge cun be obtrined by loworin; the effective noine level
10 db. In~rescing the giin of the waplifier ic effoctive only up to the
poin®. whare the witer nolse ir gpproxfmutnly at “he sipgnal level.

-8-



41, The uboarpiion caufTiclent 1o lnhorently a propurly oi tae Wt o,
but it ic & functioa of freuens wad by ¢ proper cholt-ce of frogpun ¢ Lig
off L of 3 muy Lo reduced. At preccoit there sre no gqurntiditive 1 woan the

. .relation of a or u to frevuungy exuply for the spo-i: U conaition ol pro-
“peller nolscs but the quuldi-.tive date for a polnt defini'ely to the loacr
frayuoncles.

.. &=+ The cffcctive reflection coefficlent ir also beligved to be a
funotion of frequenzy but there ure mo satisfactory data.

43. The importeonee of o fairly accurate knowladpge of the abiorption
tad ruflection cocfficionts o functions of frequency uand other variable con-
ditionc is obvioun in that they vitally affect the further developaent of
underwater sound apparatus.



Toble 1

Refiection Coefficlents in Deep Wuter

Echo at Zt
Dote _Mno Beeriny Ronie Echoat R R 2R Logu

24 Jay 1450 92 1600 00 44 10 -1.0  0.10

17.3 kes 1520 97 18/0 -2 - 42 0 ~2.4  0.004

1725 82 2000 -2 8.5 11 -1.3  0.05

1730 8, 1700 +6 54 23 <17 0.02
LT 2% July 0625 262 190 +2 64 51 ~4.9 1.2x10°°
. 17.3 kes 06y7 280 1050 +5 70 56 ~5.0 1.0:10 0
. 0655 277 1600 +4 6, 44 4.0 1.0xi07%
25 July 1315 300 800 -8 72 56 -6.4 /.0x10 7
’ 23 j:ea 1340 27, 1120 -24 58 L8 7.2 6.3x1078

SR e 215 2560 -26 4 16 -2 6.3
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. UNITED STATES GOVERNMENT

memorandum

7103/911
DATE: 25 August 1999

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

10 Code 12211 L T(2#(77

ViA: Code 7100

REF: (@) NRL Report S-1204, 16 Oct 1935, E.B. Stephenson 70" L[7/ ;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/ 6/5
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:

Gt 7 Zncdly 524
EDWARD R. FRANCHI Date
Superintendent

Acoustics Division

OPTIONAL FORM NO. 19
(REV). 180}

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



