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ABSTriACT 

rh sound proeeuro dittribution direatly boneath a ahip ~cunted 
aouroe ha been 1nve1tigated. and over 200 exp6rinental rocordc h~ve 
been mado, in cummer nd in inter. t variou frtqu nci a fro 36 op 
to 2000 ops, &nd at variou looationa in the PotOO!lo River a e. The 
technique ond the ana.lysia are or general o.pplioabiUty. and mot of 
the findi~• are believed to be typical. 

Real nd i ginary components of the bottom 1 pedAnce wcr doter­
mined by o puiaon or th experi11lfJntal records .4th plottod curToe, 
computed 1n aooord no witn a theoretical wialyeie. The ronulta show 
that "fre -boundary" reflection of aound preuure wavee,. with o.ttenua.­
t1on of bout 6 d.b per reflection,. im charaoter1at1o of 1JlO t of tho 
PotOt::18.c River bottom IDUd in aummer. Limited area near tho river mouth. 
where the bottom ia hard eondy ud, gave records nhowing "ri id-bou.ndary" 
reflection of ound pr ure w~ves. In moat locations tte winter recordo 
showed much greater attenuation per reflootion than the ~umm r record£, 
and the oharacter of the r f'leotion ch.allged from 

11
!'reo-boUDdO.rl" in mn-

m r. to "transitionc.l" in inter. 

'!he appUc tiona of' these reeulta to the design or oouctic mine 
and to the experiment l study of hip noiaoe or acouutic mine eeping 
d vice■ Qf' diecuee d. 
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I. INfRODUCTIONc 

l. l'h distribution or ound pre■ uren to bo oxpectod betT. en 
a ehip-mowitod 1ouroe nd thee botto 1• an important aepect ct 
the genoral problem of thti propagation of sou.ad in water. Incroa1cd 
underatanding or the vortioal dietribution of oound prec ure should 

or valu for etud1 o o£ ship noie o.nd ehould f cilitate the deoign 
of •oou tlo izl e and cf the ns for aw ep1ng tho. 

2. An xperimente.l inv otigntion of the 1ound preeeure diatribu• 
tion,and of th imp dance of the bottom. direotl: b ne th a ship• 

ounted source is deecribod in thic report. l'hG t chniqu and the 
al1ai1 are of gen r l pplioability and mot or t~ tindinga ar be• 

licvod to be typio 1. although th otue.l experimental result ere all 
obtained in th Poto o River rea. w re obtained t tr quenoiea 
as low as 36 cpo and aa high ae 2000 cp, lthough oat of th record 
er me.d at :froquenci s in the range 100 ope throu.gh 760 ope. Exten 

cion of the reaulta eecribed in this r port iG expeoted from addition-
1 expori nt now in progr 88. Other a poet■ or tho propg.~ation of 

low fr1q~e oy sound in ~~ter. illuetr ted by ra.ngo run recordingm, ill 
be con 1deied in report no-w 1n proper tion. 

II. EXPER tAL PROCEDURE 

3. The exper ntal proo dure consiatod of eetting U? o.n under­
water 10und fi ld of high 1Dten1ity, nd recordin~ the sound preeaare 
level r giat rd by a hydrophone as it e r~io d vertically from th 
riv r bottom to th aurface. Th aoWld aouroe • mounted on th USS 
AQUAlfARINE (Pro 7), a oonv rtod yacht. 1th the ship t anchor. cl 
th aound source op r ting at oaoh of a vor l frequ noi a in th lOtfor 
audio r ng, the oouatio field beno th the eowoe a probed d re­
corded. Thia na done, in e er and 1n winter, t variety of loca­
tion in th PotOll)(lo River ar • 

4. y ot the experiments employed a ound aource th NRL 
Model X-3 gn tic typ underwater loud- peak r. Tho deeign ID1d oon-
1truot1on or thh p ker. as -..-ell s performance tests eompriaing 
acoustic field &au.r menus and r ngo run r oording1 1 rui.ve berm 
deecribed in NRL R~porte (Seo Bibliogr phy(l)). Th 1peaker produce~ 
pre eure levolc or lS0-160 db (630-GSOO dyn s/8q.cm.) ta distance 
ot 12 ft, in the froquenoy rang 160-600 op1. Higher trequenci • up 
to 2000 opi, ar obtainable o.t l r lovcl. l'ho speaker ia driven by 
Bil audio oaoillator and power mplifier. 

6. Sor: of the oxpori nt, partioularly at the lowost frequen• 
oiee, mployed ao eound sou.roe a meo nically driven underwater sound 

-1-
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ener tor d v lope at NRL, ud designated Hodel X'tJR-2. The aooustio 
output fro this d Tice. me surod t 6 ft dietance. t ins levele or 
16~ 168 db (20-50 kilodyn o per aq. o~.) for driving £r qu nci a in the 
ro.ngo 70-110 op. Fundamental and •ucoeeaive rmonioe y be uaed to 
oover frequency ran of 70-400 ops. Tho device haa been described 
bri fly (Bibliog. (2)). and will be dioouased in greater detail in 
another report. 

s. Eoth the loud- pee.1-:er ond the m ohanioal g nor tor wero in 
fteot point eouroee oi' sound, since thoir dim&naion were small in 

oomparleon 1th the velength. 1'he output from both y be char c­
toriied ns p i.;yphon1c. a word here uHd to deaignnte a fund mental 
rrequ ncy ooompa.nied by harmonic th 1nten■ lty of which deor a ee 
with the order. 

7. lloat ot the records were mad with a proaaure- otu&ted 
tourmaline hydrophone. deaignated URL lio.6. A£ reoordo er mde 
with the EnL toW'l:!Sline toh-c e" hydrophone. nd a fn with a 
pre aur -gradient or velocity hydrophon desicnated SC-10 (Bell Tele~ 
phone Lnboratoriea). 

8. or oh r cord tho hydrophone wa.a dropped to the bottom 
on a auepenaion line, and then raieed at oonstnnt opeed by meane of 
~e anchor winob of the AQUAllARlNE. The eleotrio output or the hydro-

phon a d into un ERPl Sound Frequency .Analy£er (RA 277 F) nd 
Graphic Le el R oorder (RA 246). Illdex 1D11rka ere placed on th 

ecorde t ir.t rvnls oorrespondint to the emerience of 11nrk at 10 rt 
1.ntervale lon~ tho au penaion line. :rib n provided with suitable 
10 la, the record are guQntit tive graph of sound pressure leTel 
(1n DB above 0.0002 dynea/aq.cm.) veraua vertic•l dl tano On ft), 
oferred either to th ter urt oe or to the bottom. 

9. E'.omo of' the measurement were made with both ouro and 
ydrophone rigg dover tho oide of' the AQ~mE. bout 3 ft rt 

1n the horhontnl pl • Others w re ca.de 1th the 1ouroe mounted 
1n the laree sound well or the AQUA14ARINE, and the hydrophon rigg d 
over the aide. In t caeoa both hydrophone d ouroe w r rigged 
ln the wel. Tho er teat departure from vertio l inoidenc was 4° to 
70 when he hydrophon and apeuker ere a.bout 10 ft apart in th hori­
&on 1 pl e. Bol the first 20 tt from th surface, t.he r cords were 

ee nti lly th ea for all methods of rigging. Variou■ nomali oo­
cur ill the upper 20 ft, but tho~e do not ffeot th• conclueiona of thi1 
report. 

10. aaurementa wero mde only 1n locations w re th bottom 
flat over a r aeO?mbl area bone th the 1ouroe. The depth ot the aound 
g nerator I hold constant t 10 rt. 1'h• offeotive diatanc from the 
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ouroe to the 1ur" ot, u t hnve been 101n811'hat le1ia than thi , owing 
to yieldlnt ot the hip1e hull. The conaiatoncy or the r cords in• 
dlcated that th ouroe dopth relntione required by the theor tical 
naly1ie w r~ re li&cd t frequenole bet.Teen 100 &nd 400 cps. At 

hi~her fr auenciea a oloae oheok with theory wn.1 not to be x~oted. 
onng to c pleT.itiea introduced by rofleot1ona from the hull of the 
AQUAMARn.'E. 

III. ANALYOIS OF R CORDS, 

11. Theoretic l xpr eeion■ , v lid within certain 11 1tat1ons, 
y be derived for the~ rtical distribution or aound preeaure 1n a 

ogen oue medium bounded by afro upper eurfaco and a bottom with 
no 1 imp dance z. A tr atmont of this problem by the Bar r<l UDRC 
group (Bibllog. (~)). h • been olnrifiod nd adapted to the oondi• 
tiona of thea oxp r1.Jncnt. A aummary or the d rivntionR and l it­
ing oonditio:na Trill be round 111 Appendix A. 

12. ocordin to the theory, the vertical dietribution of 
undorwator ound pre aur direotly beneath a hip-mounted aourc 
ghould fore, a. etand.ing ve pattern. The oho.racter of the patt rr ie 
a function of the ~ottom 1 pe noe, wnicb in general i compl x. 1~ 
r l part, teroin a the limito between which the po.tt~rn oftoillat~a, 
the ginary part doter 1ne the initi l phaao ot the pattern, i •• 
hether it ahall hnve a node or a loop at tho bottom. An op:m ay8tem, 

such a1 any xtendod body ot ,rater bounded by aurto.oe and botto, i& 
oh&raoteri~ d by horiiontel spreading of acou tic energy. Th at nd­
~ng vea 17h1oh may b at up 1n an op n yat m differ from those in 

oloaod yate, auob as a pipe with rigid walls. by hawing• ria 
in av r 5e eound pro•aure &I tho aouroe io approached. The ot l 
prcaaur distribution y be analyted into an oxpr sion involving a 

inueo1 l term, xpr c 1ng the cttulding •av; nd hyperbolic oo-
aine xpree,ing the tr du l ri e toward the source. 

13. The odifiod nta.ndlng 11'3.Ve ayatmn deeoribad bove 1• ex­
preeaed t~o tio&lly by q tion (12) or Appendix A. thie equ tion 
ive, relative V11.luee or rma sound proeaure at variou points below 

M. und'.lrwator eouroe ~1 tting at volength {~). V lue wer omputed 
~om quation (12). and raduoed to the form ot ourv • of preHure le<vel 
(in DB referred to the aound pr eeur t the bottom) vcraue diata.nce 
nbove the bottO:D 1n h lf veloncthe. Platea 6, 7. and 8 illustrate 
curveo computed for ve.luen or throe par m ter11. TheBe ar 0.0 o.nd /lo , 
th real and imaginary part,. r opect1Te17, o~ tho rreotive propag 
t1on oonatant; and the r tio of tho wav l ngth to 2 Tl" timoa the vir-
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tual hoight of the souroe abovo the bottom. The virtual height, 
in aooordallce with the thoory, is taken ae f1vo/tourtha of tho 
n.ter depth. 

14. Ana.lyeie or the experimental record• prooeoded an fol­
lows. For oach record tho third para.meter li.eted above ( )\/2.1're;. ) 
wae calculated, nd the family of computed curveu corresponding to 
thia n.lue WCI.I pioked out. That curve in the family whioh corree­
ponded mot closely with the experimental record ,ro,1 ohoaen, and 
o.. and ~. were read from 1 t. S~rr.• interpolation "ft.■ ueually re­

quired. Once ex.. nd ~- were known, the bottom impedance was com• 
puted from the relation: 

'Z ~ ~ ., j X -:a pc tbJJh (a. .,j ~.) 

here R &nd X are the reeietive and ree.ctive compcnent■ of Z, pc 
i the raQi tion r eiatanoo of water. Cl.o i• the absorption oon• 
atnnt. and ~o ii th initi. 1 phaee oonctant £or the standing -wav 
y1tein. The hyp rbolio te.ngent waa evaluated by means or Kennelly•s 

"Chart Atlas of Complex Hyperbolic and Circular Functions", or from 
Pl~tea land 2 at the end of Bibliog. (6). 

16. It follow• from the propertiH of the hyperbolic tangent 
that, for baolut va.luH or 13. between zero a.nd 0.5, tho aign of the 
bottom ree.otance will be the 111,.me •• the sign of /3. • The l tter may 
be either negativo ar pooitive, ue~atlve values being taken to oorrea~ 
pond to uaa reaotance. nd positive vnlue1 to atiffneoe roaota.noe in 
tho oomponente of the bottom impedance. Thie 11 in acoordanca with 
Morse's convention (Bibliog. (6)). Since the ro ctive component of 
the imped no i& idontically equal to zero torp.s:.O or p. ~ 0.6, it h 
1.c:aterlo.l wbat oign 1 talcon at theee pointa. In thl■ report the 
1ign or fi• io arbitrarily taken aa negative tor the va.lue ot o.s. For 
all other values the lign o£ l!J. indioate1 nus or 1tif.fne I reaotanoe 
in acoordnnco with the convention given aboveo 

16. Since the maxi'IJI& (and aleo the miniJrA} of tho 1tanding wav~ 
1yatem aro approximately a half wavelength apart. the phaae oonauuit 
Po ia roughly equal to the diatanoe of the first prec ure minimum 
bove the bottOlll, me sured in half wav lengths~ The oondition for 

"aoft" or "f'ree-boundary" bottom reflections (aound pressure node at 
the bottom) 1a ,6'

0
~0. and for "hard" or •1r1.gid-boundnry" refleotion 

(preuure a.ntinode at the bottom) ie /I.~ 1/2,. 

17. For aoouotioally "•oft" botto~•, the bottom impeda.Doe is 
predo~inantly real nnd smaller than the radiation reeietano or the 
water. for aoouetioally "hrs.rd" bottom•, the bottom impedanc 1• pre­
domin ntly roa.1. and larger than t.he radiation reaiatanoa of the waters 
and for all other aoouatio behavior the bottom impedance 1• compl~x. 
The latter type or bottom reflection 11 lab•lled "tra.naitional". 
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18. Somo of the roeultc are expreoaed in terma of the atten­
uation per bott reflootion. Fram the dof!nitlon or tho refleot1on 
ooeffioient for ouad preeeure the loee from abaorption at bound­
ary 'I11Af be, wr 1 tton in the form: 

DB lo• per bottom refleotion ~ 64.6 alo 

IV. DISCUSSION OF RESOLTS1 

A. Cl&eeificat1on or Reoordo. 

19. St&ndine 'nl.VC pattern, of tho expected . type were obtained 
in eovon loo tiooo in tho Potomac River aroa, and at various fr• 
qucnoiea .!'ram 36 opa to 2000 ope. The records arc illuotrated in 
Platoe 1-6 illcl uaive. A summory of tho de.ta obtained from bout 200 
record• i r;iven in Table I. A tnore detailed analya ia, w1 th computfJd 
bottom imp dnnoee, 1 givon in T ble II. A ,tudy of the records 
1howod that throe types of acouatic boha.vior at the river b.:ittomwore 
represented on th~ verioua &eta of records. tho first croup 1ndio tod 
oouatically" ott" or "treo-boundary" bottom reflection, the econd 

group indicated Qoou tic lly "hard" or "rigid-bound ry" reflection, 
and tho rCln9.ining group sho ed initial refl•ction phase which ere 
funotior. of froquene{• Xhe lattor indicat~d bottom, which beo m 
~couet1cnlly nhArdcr I frequenoy increased, withe reversQl of ini­
tial phe.ee ahown by the record• in the froquenoy ra~go 300-600 o~. 

20. "Fre -boundary" reflection ia illuetrated by Plnto 1. 
curve, ( ), (o), and (d), and by the uppormoat reoorde on PlRtes 2 a.nd 
3. ~igid-boundary" bottom retlcotion 11 illustrated by Plato l,(b). 
the middlo ~ecord or Pl te 2. the lower record or Plato 3. and the 
fir t nnd third recorde on Plate 4. Intermediate or "transitional" 
initial pht,.8~ i illuatrated by the middlo record on Plate 3~ and 
by the ceo nd rooord from tho top or Plate 4. The r cord~ on Pl.ate 5 
illustrate "free-boundary" retl ction t 10'1 frequency. and ohAnge 
in initial phaae aa tho froquoncy inoroaa6a. 

21, '.i.'i1e three, typeG of c.coustio behavior t the river bottom 
re lndloat din T bl I. in the oolu:m labelled "Chara~tor or Bot­

tom RetleotiOJ1"• Record aota (a). {d). (i), and (k) ahowed ao\l{id 
pree ure nodee at the bottom tor all t'reql.enc101 below 1000 cp J rc­
oord sots(&), {h). nd .(m) ahow d pre aura anti-nodes &t the bottot!lJ 
and record oto (b)i (c), (e). (f), and (j) 1howed preeaure nod o ~t 
t.~e bottom for aomo £reque»cies and anti-node• for other,. with intur­
modiate initial phaoee. 
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B. Roaults of Analyei J Propoaod Explanation•. 

22. In ardor to ceot tho condition• required by the theory 
the record• oho en for detailed analy1ie wore limited to thoae de 
&t frequencies in the range 100-400 cpa. 'l'ho phase and b1orption 
con tant could detormined .from most of the rooorda with an oou-
r oy of bout 2~. In many ca1e1 much ere tr oouraoy • obtained. 
Inaocur te loc~tion of the bottom, and the einlcing of the hydrophone 
1n th mud. account d for anomaliea on aome of tho earlier record,. 
Roorda d under favorable conditions ot wind nd tido, or in loca­
tions hore the bottom • definitely either "10ftn or ~h rd• gav 
the beat reeulta. ValueD deriTed for components of bottom impodo.noe 
w re, of ooure, no more accurate than thAt phase and aboorption con­
stant from which thoy were computed. Although precleion cannot be 
cl 1m d for m eurem nte of this oharaot r, the fin 1 r aulta are 
cloa pproxi1D11tiona, and give a clear piotur of the phy ioal pheno­
mona. 

23. The q titativ reeulta obtained from the analysis or 11 
the exper1mentnl reoorda a.re listed in r ble II. For eaoh set of 
records the b orption constant ex.., the phase con tant p., nd tho 
001:1ponent1 of the bott impedt\tloe are given in T ble II tor eeveral 
fr quenoiea. Th real nd ima61nnry component and the baolut ,-
nitudea or tho bottom impoda.noe determin tions are oxpreaaed in th 
form of r tioa to tho imp dance of th water. The latter ia equ l to 
the r diation r s1 tanco, ,po. 

24. Aa t din Section III - Analyei1 or Reaorda. values or 
~ =:O inc!ioat ooust1cally "sort" bottO?Do, v lu o of fAI 1/2 indi­
cate couetio lly nh rd" bottozr.a, and intermedi te vnlue of p.indi-
c te "tr nsitional" conditions. Si.mil rly the values of Z/po indi-
o to whether tho bottom ie accuotically "hardn or "aoft", depending 
upon whether the impedance of the bottom ie &re ter or l II tho.n that 
ot the ter. Th atten tion per reflection at th.e bottom, xpr eed 
int rma of th abaorptiOll constant, 11 64.6ot.. in db. 

26. Table II ahowa that absorption oonotanta ranging bet een 
0.06 nd o.~o re oncounterod on the experiment 1 I". oord • The 
limits correepond to tten tiona of 3 db and 17 db per bottom r -
flection. nd pro ure r flection coefficients ot 76% and 16%. re­
spectively. ecorde were found correaponding to I>haH oonstru:ita 
ra.ngin& from +0.4 to -0.6, although moat 0£ th value, ere negative. 
Po 1tive luea indicated xoeptional bottom conditions. Bottom im­
podanc I ranging from 1/7 to more than 3 time• the wa.tor impedance 
ore enooUDtered, o.nd in moat locations both real and imaginary oom-
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pon nta ot the irlpedanoe inor ased ith f'requenoy. R active oom-­
poneot of the bottom impedance ran6ed from •0.7 to -1.4 timee the 

ter impedance, depending upon the value of' the phase oon1taDt. 
Although th~ bott s non-reactiv 1n many case, the e1gn or the 
r actanoe moat c only ncounter d II negatiY (mau r~ otanoe) 
with typic l value• ranging b tween iero And 1/3 the water ir.,pedanc. 
At f-requ nclea, particularly at the river mouth wh r the bottom 

a hard eandy l!llld, the re ctanoe of the bottom wa.e po•itive (etirr­
n ee roaotance). Stit1'n eo reaotanoe waa o.lao. found on the winter 
r oorda· foz- the sort mud bottom looat1ons, lthou£h in thee o •• 
the bottom beonme non-reactive nnd thon me.ea-re otive as froqueooy 
increased. 

26. In a pr vioue 1ection, the records were div1d d into 
voup1 representing threo type• of bottom ref'leotion, "tree•boundo.ry", 
rigid-boundary", and "tranlitfonal". These typeo ma? be oharacterhod 

more clearly after a study ot the data 1n 'I' ble II. Fl-ea-boundary" 
reflection corr aponda to value, of phaee oonnumt betw en O and -0.2. 
a.nd to value• or bottom imp dance leu than 2/3 the water impedance. 
nRigid-boundary" r tleotion oorrespondo to valuca or phaae oonetant in 
the neighborhood of 1/2 (irreape~tive ot eign), and to values o£ bot-
t pedanoe greater than the we.ter impedance. "Transitional" re-
flection oorr 1ponde to int rmediate T&lues of phna oon ta:nt, and to 
abeoluto gnitud II of bott0t:1 impedano nearly q l to the wat rim­
p dance. Som "=ran ition l" record• indicated anom1Llou1 aoou•tio oon­
dition11 othera showod an ord rly sequonoo of phase ohangoe a tre~ 
quenoy inor aaed. 

27. Study of th re1ult1 in Table■ I and II ehowe that there 
waa pronounced difference between the couctio havior of the 
river bottor.t in aummer and in winter. Tho records made in August t 
11 the looatione atudied exc pt the known hard area near th river 

11t0uth how d tree-boundary" r t'leotlon with the phase conata.nt ap­
proximately I ro and pr ncuro node of' aound at tho botto~ fot' fre­
quencies bel011' 400 ops. In moat cue the change of impedance with 
frequency a alight. Tho 'Value, of abaorpticn oon t nt for thie 
type of bottcm w re low, rar.gtng fr 0.05 to 0.10, and the bottom 
impedano was rC1t.l and q l to 1/7 to l/3 th impedano of the w ter. 
The lowest b orption. o.nd the most complete reflection Qt th bottom, 

a encountered t Glymont. where th attenuation pr reflection 
a.mounted to leeo than 3 db per reflection. These reoorda :lndic te 
that, in summer, "free-boundary" reflection 1th relatively loo a~ 
aorption (~6 db por r fleot1on) 11th oharaoteriatio oouatio be­
havior or th Pot o Riv r i:nJd. 
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28. The r oorde d~ 1n January and Pebr ry, canpared with 
oae de in August. ~ho,rod an upward tr nd in all cae a in both 

he real and 1m ~in ry oomponeute ot the bottom il'llpodanoo, oorrela-
1Te with n increa in absorption oon tant and a ah11't in phne 
on tant. At th lo0t1tions wher th bottomwae soft n::ud. th 

charaoter of th reflootion changed f'rom nrree-bounctary" in I er 
to rd "tre.n8it1ono.l" in mid wintor. At location• wher the bottom 
was hara 1nndy mud the char cter or the bottom reflection did not 
ohange, altl1ough the absorption oonetant i.noreaeed. Typical inter 
record are hown in Pl te 4, and 1uperp01od summer and winter re-

ord for th nme loc tion a.re ehown in Plat 1, (c) and (d). 

29. A pl~uaible xpl tion or the obaerved low Te.luee ot 
bott.om 1mp oe obaerved in -.uy location• in eummer :y be round 
1.n the ei'i' ot or organic ot1vlty in the 111Ud of the bottcT.ll. 'the 
g & bubbles esociated with chemical or b1olog1o~l activity y 
alter th acouat1o proi)'lrt1 o or the upper. la.yera or bottom mud 1n 
euoh ~ ~ ae to oe.uee the obDe" d e.fteota. Th• a.ct1on of a oom­
plex or &a• bubblon in the mud, nd po.rt1oularly a.dja.o nt to the 
mud-water interface, should b~ to lower the effootiv impodo.noo of 
th bottom tor aound pre a\lre vee incident from abov • 

SO. rhio expl nation io supported by the ob erved ee eon 1 
chan e of botto:n impedanoe. Ch ioal nd biolog1oal ro otion 
rates a.t th bottom must be t a mi.nim\lJD in inter, with near 
1.'reedng water te ger turc11 nnd at xi.mum in aummer, with ter 
tomperature of 25 -5o0 c. l'ht reoorda dcmonatra.te that the bottom• 
which re acouatioally "sort in ewmn r. were much "harder" in 

inter, Be en wmner and winter, the baorption oonate.nt nd the 
gnitude of the impedance inorea.eed, and the oharaoter of the bot­

tom r f'l otion changed in most co.sea from "free-boundary" to ntrand­
tional". 

51. The explanation of ee aonal et!' ote 1n torc:e of organio 
activity ie aleo oupport d by the obeer tiOD on the Potomac River 
tho.t large quantitie1 of bubbles ri e to the aurtaoe when the bot­
tom is disturbed by euch operatione u highing or dropping anohor. 
l'bi1 is much ore notioeabl in e\lJ:ll'll9r than in winter. 

S2. Ar aonable plnna.tion of th!» "tranaitiODal" bott 1m­
podanooe y be giv n in terma of the refleotione t'l"om l er layer• 
in a oonplex or ■trati£ied bott • U 1ound vea a.re r flooted at 
normal 1no1d noo at the boundary between two media, tho phaae con• 
etant ot b either O or 1/2. Intorm diate w.lu e of phAae oonatant 
and r aotiv oompon nta of boundary imped.ano on be obtained only 11' 

-s. 
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retleotione from other boundarie1 oontribute to the impedanoe at the 
boundary under oonaid rati011. It ie shown in theoretical diacu11iona 
(Bibliog. (4) and (7)) of the noriral tran1mi■sion of aound through 
three media arranged in layere, that the propertie• of the intermedi-
to layer enter into the tranemiuion equation• in a term involving 

the ratio of the thiokne•• of the layer to the wa•elength. Aa a ap•­
oial oaae. hen thia thiolcneaa ii equal to one half wavelength the 
oharaoter of the reflection• {and the impec!anoo) at the fir1t boundary 
will be determined by the propertie■ ot the third mediuzn. and h inde­
pendent ot the propertie1 of the intermediate layer. 

3~. It i• probable, therefore. that the riTer bottom in looa­
tion1 where "tran1itional" reoorda were obta.ined i1 1tratitied, or 
arranged in layer• with different aoouatio propertie,. In aome 1.n­
atanoea, notably at the River Bridge (B) in aurnmer, and at Glymont 
in winter (See Plate 6), the abaorpt1on wt.• relatively amall and 0on-
1ta.nt, wheroaa th.• phtuse 0on1tant inore&Hd syatematioally with fre­
quonoy. In the1e looation1 the retle0tion1 tromthe underlying lay~r• 
appear to have been regular in oharaoter. 

3•. In other inetanoea, notably at the River Bridge (A) in win­
ter, tho absorption wae high (16 db per refleotion), and the reoo:rd• 
at certain trequencie were erratio and indi1tinot. The orratio 
cb&raot r of these particular reoord1 cannot be attribut d to oxperi­
mental inad qua.oiea, but y be explained in ten,e of reflection• from 
uneven l.mdorlying l yer1. Clear reoord1 obtained ~t tome frequencies 
indicate that the 1'1rat boundary, the actual bottom. 1nus 1mooth. It 
th• boundarie1 or the lowar layere were diffu1e or uneven, tho refleo­
tiona from th••• layer• at certain trequenoie1 would have varied wide­
ly in intenaity and pha1e o•er the amall area directly below the aout"oe. 
Sinoe the ab10?'.'ption t the water-mud boundary wa, high, a large trac­
tion or the energy was tre.nnmitted into the mud, and the eftao .,_~ive 
refleoted eound field in th water wa.1 in large pe.rt determined b:y re­
tleotione tram the lower mud layer,. The re1ultant field,... therefore 
o.n erratic t'unotion of poeition above the bottcn. and anomalou reoorda 
were obtained. It 1a to be expected that the abo•e etteot will ooour 
only at certain frequenoieo o.nd under oondition1 or high abeorpticn at 
the water-mud boundary. 

56. Correlation ot the aoouetio re1ult1 with the knowo data from 
hydrograph1o oh&rte and from eampling ehow1 that mo1t of the Potomao 
ilyer bottom con1i1te ot ■oft mud, and that the reflection• tram thi• 
mud were of the "tree-boundary" type in aummer • and of the "trandtional 

11 

type in winter. The mud ii harder at the River Bridge and at Piney 
Point than in the upper river near Olymont. It sea1onal nriation• in 
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organic content or otivity ot the bottom mud are reaponeible for 
the observed oha.ngee in acou tio impedance, it 1a to bo expected 
that uch ftecta will bo larger in rivers and bay• thBD along the 
• -co ct.. 1'ho Potomac River a.r a. 1hould be tYPical of the former 
type or looation. 

36. The hydrographio chart, ot the Potcn:iao ahow a ffffll 1pota 
rked "hard", pt\rtioularly near Piney Point and St. George I■land 

n r the mouth of the rivGr. Sampling 11howa Yell pa.eked 1andy mu'd 
in theae locations, and correlation with cou■tio re ult■ ehowa 
that t..lte refleotiona re or the "rigid-boundary" type both 1n awn-

r and in winter. There 1a no known rook bottom in the Pot o 
River area. 

C. Variation 1n Reoorde with Experi nta.l Conditions: 

{l~ Variation of Souroo Depth. 

S7. Reoord1 were ma.do at the Potomac River Bridge with the 
1ouroe t depths of 6 ft nd 12 ft, corresponding to 1/4 vo-
l ngth and 1/2 wav length. re1pootively, t 200 ops. The portione 
of the record• f'or depths gre tor than ~o f't below the aurfaoe were 
id ntic l in 1hape. The upper portlono wore dif.ferent~ s might be 
xpeoted. the to ta indionted that d~t rmin~tione of ab1orption 

oonatant and initi&l phae , 1'r0t:l th lower portion• of the record • 
■hould not be gr tly in error if the ao\lroe depth in not an exact 
q rter v length. 

(2). Varlatlon of Anglo of Incidence at the Bottom. 

&8. In ordor to determine whether th• initial pha■e of the 
,tan.ding ve pa.tt rn a dependent on the angle of incidence of 
the ound prosaure wave. eev ral reoorda w re made by rai1ing and 
lowering the hydrophon from a amall boat placed 150 tt diatant 
horiaontally from the hip-mounted aouroe. The xperiment w,u mad 
at the Potomac River Bridge, whore the water depth waa 66 :f't. In 
tho e teats th nglo of incidence at the botta:n directly blow th 
1 11 boat was Lbout 700. The record• mnde under tho•• condition• 
ahowed the ea.me oharaoter of bottom retleotion, nf?'ee-bound y" in 
thie instanc4, the reoord for normal lncjdonce. For a given 
1'requency, however, the pa. ttern was eimpl r and contained f r 
nodes and loop• tha.n the correeponding p&ttern .for normnl inoidenoo. 
From the theory (Bibliog. (4)). it la to bo expected th t t oon-

iderable horiiontnl diltanc from the sourc tho hicher modee will 
be more rapidly atteu tcd than the lonr onea. The result ehould 
be a aimplific tion of the vertical 1ound preooure pattern a■ hori-
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~ontal diato.nc increa e. Additional exporimental verificat i on la 
1n progreeG. 

D. Comparilon or Reoorde l'rom Two Types or Hydrophonee. 

59. In order to confirm the r Bult• obtained with the proaauro 
hydrophone ployed in mot of thie illve t1pt1on, a few records were 
made u11ng a pre11ure-gradient hydrophone (SC-10), a moving coil in­
strument built by the Bell Telephone Laboratorie1. 1'h r din&e of 
thi1 hydrophone. when oriented face up•• in theae te1t1. were propor­
tional to the Tertioal component of the particle Yelooity 1n tho sound 
field. Since thin type or hydrophone 11 directional. care waa taken 
to raise it vertically along a line through the 1ound aouroe. and the 
Tecorda were dl1continued when it reached a poeition 6 ft directly b • 
neath the eouroe. Sine th SC-10 wa1 tound to be very ,en itive to 
water currents, the record were made at ■lack tide. on an unusually 
calm day. February 22. 1943. Record• under identical oondition,. with 
the AQUACARINE at e.ncbor in 63 ft of water nee.r Glymont, ere mad 
alt rnatcly with the preeaure hydrophone and with the pre11ure-gradient 
hydrophone. l'h• XOR ound genera.tor•• employed aa ouroe, 

to. The records obtained with the two hydrophone• £or frequenoiea 
or 100 cp1, 200 op, end !500 ope. are reproduced in Plate 6. An addi­
tional ■ound pre11uro r cord tor 400 op■ 1• inoluded. The abaolute 
valuoa recorded by th two hydrophones, when expresa d ao preeeure 
le~ 1. diff er by at db. pre,umably beoauae the fi ld corr ctiona 
which should be pp). ied to a. Telooity hydrophone in etanding 

yatem are 1 oking. The■• oorreotione are not ea■ily oomputed. Oom­
pariaon ot the recorde trcr.:i the two typ a of hydrophone• graphic lly 
demonatr tee that 1n the atandinr; waye ayetem which e~ht bene th 
the ehip-1DOunted ound eo~oe, the preasure and pre11ure-gradiont are 
9<>° out or epace-phae with each other. Plate 6 also demonstrate 
that excellent r oord may be obtained by caretul attention to detail 
in the djuetment of xperiment l oonditiona. UnrortWlAtely thiu i 
not alway, po11ible, owing to the n.gari•• of wind and tide, 

E. Sound Pressure D1,tr1bution Below the River Bottom. 

41. A ffff1 eroerimonta were m.d• in which a. hydrophone. th DRL 
tourmaline · toh-oace". -.as pu■hed aeYeral t et into the bottom mud 
by ans of a cpeoial pi pe titting. The pipe • then r mo•ed. leav­
ing the hydrophon buriod, but 1th a line attached to it. Rooorde 
were then ta.ken a, t h hydrophone wae pulled up elowly through th 
mud at a oonetant rat by me ne of a chain tall. The re1ult1 11 be 
deeoribed briefl y, lthough their interpretation :nay b open toque -
tion. pending oonti rmation by dditional investigations with improved 
teohniqu. 

-11-
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42. 1'he1e r cord• were made iD February, 1945. in & loc tion 
ne Glymont. where the ter depth wne 20 ft. A in moat or the 
upper Pot c Biv r area, th bottom oon1iated of aott mud. The 
XUR-2p mounted on the AQUAYARINE. wao employed aa sound aource. 
Addition l r cordo of thi type ill be mde fro ti to time, 1D 
variou, loc tion,, in ord r to determine th TUiation, with • 01uon 
and char oter of bottom. It 11 to be expected that the d or a e in 
sound pre, ure on entering the bott01D mud will be much gr ter in 

ummer than in inter. 

45. 1'he record for 100 cps, illuotrated in Plate 6 (lower right), 
showed n ,incr ao in aound preaGure of 14 db in the first foot bel 
th bottom, and decreaee of the aame amount in the euooeeding foot. 
A 11m1lnr oy-cl• of preeaur increase a.nd decrease followed in th uo­
ceeding 6 rt. en the hydrophone wa embedded to depth of 9 ft in 
the mud. the ■ound preeaure 11&1 ,till 6 db grMter than that r corded 

t the , tr-mud bound ry which conatitutea the normal river bottom. 
The preaaure maxima in th two media. ter and mud, differed by about 
15 db. 

44. fhe reoorde for 200 op and for 300 cpa h01Yed aimilnr but 
lea■ well d fined patt rna of mxima and minim& oontinuing into the 
cud e.1 far • the hydrophone 1ftl pu1hod ( bout 8 ft). The di tance 
between aound preaaur xina (or mini.ca) in tho mud juot beneath the 
water-mud boundary , about 2 ft at 100 c po, l rt t 200 opu, nd 8 
inohee at 300 ope. A11Ui:!ling that tho•• d1atanoea reproaont half v -
lengtha on a 1tanding wave ttorn in the mud, th velocity or ound 
in the mod1um would appear to b about l/12 the velooity of sound in 
water. 

46. I£ thin interpretation or the obeervations ie oorreet, the 
existence ot •tanding wave pattern iu th mud argue, the preoenc 
or refl oting lay-ere lying beneath the water-mud boundary. The 1c l 
of the ob1erved pattern 1ugge1t1 that tho veloo~lt, of 10und 1n the 
mud 1, very low oompared with that in tor. The eugg ,tion that the 
bottom 0onli1t1 of mud layer of very low velocity, under.laid by 
harder layera, is conaietent with the interpretation• d previoualy 
frOlll the recorded tanding ve pattern• in l\'8.ter. 

43. The r oorde alao ahowed an au01111ly, which will be mentioned 
altho1.1gh no adequate explanation 111 anil ble at thia time. In addi­
tion to the char oteri1tio1 de10ribed above, the record for 200 cpe 
showed 12 db sudden deer so, and the record for 300 op, SO db sudden 
deore ae, i n eound pr 1euro on enter1n6 t.he bottom. The reoord for 
100 op• ahowed no such di1continuity. If relatively larg pressure 
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disoontinuitiee t the botton actu~lly occur at ao o frequonoiea nd 
not ot others. tho pheno enon might hav important implio tiona for 

ine derign. It ie uggeGtod that, it the m1no n d wcr mbodded 
in mud or n ilted-up". pro sure- otuated acoustic oine deaigned 
for 100 ops mi~ht retain it aenaitivity more effectively than unit• 
deigned tor hither rrequenciaa. 

V. APPLICATIONS OF THE RESULTS r 

47. The r oulta described in tho foregoing cctionc h.nvo im­
portant appl1cnt1ona to oount1o mine de• Jn and to OXP1Jr1mental 
studiea or underwnter eou.nd t low frequencies. 

-ld.. lt hne been ahown tho.t the refleotiong from the bowicUng 
aurfaces (top and bottom) give rise to etandin8 wave patterns bo• 
neath a hip-mounted eound source. The sound preaaure in tho neigh­
borhood or the bottom may roprsoent a mini?num. maximum, or an in­
tern:ediate position in the pattern, d pendin upon whether the bot­
tom 1ft oouatioally n oft", "hard", or "tranaitiona.l". It h.ns been 
hmm that the10 dirr renoeo tnay be large. For exwnpl. typio 1 

records for "hardn and a "noft" bottan re hown superpoeed in Plat 1. 
(a) nd (b). 1n average pressure level gradient■ hown by thee re• 
cord are much tho same. The initial phases of the atnnding w ve 
ayetema are auoh, how ver, that a prea ure-aotuated hydrophon plaood 
on the bo+tom at Glyuiont would r cord 16 db lower ound level than tho 
same unit placed on the bottom t Piny Point (A), aeeumillg the o 
c:sound aouroe in both oa8e • Although the!!e reoordc illuetrat oxtre 
caa •• it is clear that thu bottom impednnoo ■hould be tnken into 
count if dve.ntn.geoue plac _ont io deaired ~or preseurewaotuntod hy­
drophone,, oouatio mines, and similar dovic •• 

49. The ditforenoee in aound pressure level ehown by the Aug t 
zecorde between the botto and position a quart r wa.v length bov 
it r nged between 6 db and 23 db for tho "10:t" bottom looat1ona ioh 

r found to be typio l of the Potonoo River are. The incr a ea in 
lev l obtain d by moving tho roceiving unit from tho bottom to posi­
tion q rtor valongth lov it were. on the verage, 18 db at 
Glymont, 8 db at .P-rto o River Bridge ( ). 10 db at Piny Point (C), 
a.nd 14 db at .Piney Point ( ). At Piney Point (A.), over the hard" 
botto~, & reduction or 6 db ooourred upon raising the hydrophone 
quarter velength. 1be reduction wao maller tMn th 1ncre se ob,, 
tainod by ra1a1n,g tho hydrophone abov the naoft" bottoms. 

60. It y be oonolud d from th enauro~~nt 
aouro approximately a q rter velength bolow the 

th.at for sound 
urf oe, mu:lllllrl 
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r 1po01e will be obtained from a preonure-aotuat d r ceiv1ng unit 
noar the bottom, wh n the lntt r Js placed on 11hard11 bottcm, or 
a quarter wavelength above a nooft" bottom.~e differenceo in 
levol to bo expected from ple.oeme:it within thie ranc will be mo ~ 
pronounced over oft mud bottoms. pa.rtioularly 1n WTt1Jer, o.nd they 

y amount to 6·23 db. 

61. 'l'he rocord1 obtained with the pre1aure•gradi nt hydrophone, 
illu1trated in Pl.at 6, show that maximum reaponee will bo obtained 
fro a velooity•aotuated rec ivin~ unit near the bottom, when the 
latter 11 placed on a "10ft" bottom, or a quarter velongth above 

"tiardn bottOQ. "l'bia behevior 18 the reverae ot that to be expected 
fro a pr, ure-aotiv ted device. Adnntag could therefore be taken 
ot the phaser l tiona neo.r the bottom by employing velocity-actuated 
r oeiving mechan11m1 in the design of aoou1tic miuea for uao 1n area 
where the bottom ill known to be pred0Ininantly "aott". Such device 
would b effeot1vely more eenaitive than eound preaaure otuo.ted unit 
in the eame po1ition, and their etfeotivene1u would be lee, oritioally 
d pendent upon the poeition near the bottom. 

62. Although the anc.lyoia presented in thie report hae been 
de tor single tr~quenoioe. eimil r consider tions hould pply to 

the r action of a renommt ooustio min receiver to complex ahip 
noise. The German aeountlo minoe, for example. aro otinted by a 
1'requenoy band only t oyoles wide. So of the re ulte o.re np­
plioabl even to a m1ne unit 1th a br d re1ponao, ince tho char c­
tr of tho bottom reflection, and the initial phase of the standing 
wave pattern, ia in c:any casee independent of fr QU,!SllCY• Sounlpr •· 
eure minima (antinodes) er :found at the botto::1 • t all frequ noiee 
studied, in moot of the Potomac R1ver loc tiona in , ...... - .. r. 

65. 'l'ho obae:-vation that tho avora.ge sound preuur levol 
(standing ve pntt rn nr ged out) decreaao• 2-& db in eaoh 10 rt 
or vertical di tanoe bent.the.. ship-mounted source, nd that thi 
tigure i1 relatively independent of the type or bottom. hould be 
helpful in making rough eatimatee ot the pr 11ure level• to be ex­
pected below the underwater sound 1ourcff1 ployed in acouetio 1ne• 
sweeping. The theory of the Terage preeaure level gradient. o.nd 
it, po aible pplieation to a new c~thod ot e1ti~tlngo-., 1 di -
oueaed 1n Appendix B. 

6t. It s inferred fro~ the reoorda that 1tanding wav effeoto 
y exht in th mud beneath the bottom. a.e well ea in th• ter bove 

it. Tbeee phenom~nn. Qe ~ell a the ob1erved di continuit1 1 in sound 
prea1ur at the water-mud bound ry. y hav important implioationa for 
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e probleme of "•ilting-up" or oou.tio mine units. 

66. ~ exporimental atudios of undeTWSLter ound propQg t1on. 
it has long been understood that the interpretation of aound pr •· 
sure m eurement1 mt.de near tho ourfaoe or the niter y b oan­
plicated by the oanoellation hich ocoura in tho neighborhood of a 
low impedanc boundary. It hae not been gen r ll;y realized, how-

TitZ"; that the bottom imy leo be a low imp d no• boundary, t 
which almil r eff ota 111 be round. It ie obviou1 £rom the re1ult1 
of thie study that hydrophoneo form ,uring und rwa.tor ound ahould 

located a eubatantial dietanoe (at leaat an eighth of the ve­
length of the lowe t t'r~uenoy expeotod) a y from both eurfaoe and 
bottom. 1r tb.ey are to meaaure the repr aentative .. verage values o!' 

ouud preaeure 1n the ter. Special precaution• y be r quired 
to o.ooompliah this, nd to prevent the hydrophone trm dnking into 
oft mud. M1alead1n re ulte, pa.rticul rly at low frequenoie, 'l!r-y 

be obtained t'ran a hydrophone plaoed too clo1e to a nao£t" bottom. 
Some of t.~e disorepanciee between mea urcmont mde t ~ifter nt 
aoouetio range• may bo ttributed to difference, in hydrophono place• 
ent. 

56. It i1 probable that w 11 defined standing 1rave err ote re 
limited to trequenoies below 2000 ope. ainoe the pattern• will tend 
to verge out e th geo:notrio irre ularitiea and non-homog noitiee 
or the media become oompnrable to the wavelengthe. 

57. The aoou1ti0 impedanoo de.tu in thie report. limit d to the 
Poto .. o River below Glymont, should be extended by crurvoye of bottom 
impodanoe in other ar ae. 'l'he eame method• could be employed to ob­
tain intoraation on oouatic condition• tor analyai and corr lation 
ith hydrographio d ta for important navigable rivers, harbor, and 

coaetal atrip. Such eur eya ahould be of value to oientific group, 
working on problema of oouatic mine de1ign and cou1tio mine ping, 
and might l•o b of int rest to laboratorio1 concerned with ooe no• 
grc.phio 1tudie. 

VI. CONCLUSIOliSs 

(a) It 1a concluded that the char oter of the bottom retleo­
tiona, the attenuation per reflection, nd the component. of the 
bottom impede.no, my bo obtained from the analyde of experimental 
re00rd1 of sound preeauree in the 1tandi.ng waTe patterns directly 
ben th a chip-mounted aouroe. 

(b) It ia concluded tram the nalyaie or more than 200 xperi­
mental record1, made at various location• ~'1 the Pota:mao Ri•er area, 
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tha.t "free-boundary" ro!'lection of sound pre sure 
ation or about 6 db per reflootion, io charaoter1 
Potomac River bottO!!l mud, P3-l'.'tioularly 1n ,uir.mor. 
to be typical of 1lmilar aren. 

voa, with ttonu­
tic or moat or th 

Tbio i believod 

(c) 1'he re1ult of tho 1urvey indicate. for •ximum .aenaitivity. 
mine unite oper ted by udio frequency 1ound prea■ur • hould be 
placed 1th the recoiYing element direotly on a hard bottom or a qwu-­
tor wa.nJ ngth aboTe soft bottom. Adnntai• o&n be taken of the 
phaae relations nsar the bottom by employing Telooity-aotwted reoeiv• 
ing meohnniama in aoouatio min• units for uae in areat where the bottom 
1e known to bo aort. i'he aound preuure variation, ne a 10ft bottom 
may amount to much Al 35 db at the water-mud boundary and 23 db in 
the firat quarter wo.v length bove the bottom. 

(d) In order to aaure repreaentati e average nluea ot eound 
pre ourea, me auring hydrophonee ror the study of underwat r sounda 
uhould be looatod aubaumtial fraction 0£ a wa.velongth wtLy from 
the bounding eur£ ca (aurt oe and bottom). For atucliee at low tre­
quonoie1. c1peo1ally over bottoma which are acoustioally "1oftn, tho 
hydrophone a:ay require pl coment several f'eet bove th bottom. 
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APPENDIX A. 

FREE FIELD ACOUSTIC lMPEilt\l:CE THEORY 

68. Th theory relat~ the preaauro dietribution about an 
und l"WQ.ter aound eourc to the aoouatic i~edance of thee bot­
tom ha• been tr atod. (Bibliog. (3) and (4)). It ie the purpoa ot 
thi appendix to roat te th1a theory briefly. emph&ai:in& the oondi­
tione and limitation, or the derivation,, and arranging the result 
tor oonvenient oo~pariaon with the ex1>4t~iment&l record,. Full credit 
11 given to th Harvard NDRC group tor tho derivation in Appendix A. 
The exten1ion of the theory to a apecial ca,e of praotical interest, 
included in Appendix B, waa added durh1g the course of the NRL inves­
tig tion. 1n ord r to facilitate the reduction or reeulte, ourno 
were computed t'rom the fln l formula of Appendix A. 1'heae curves, 
unavail ble in the literature, are reproduced in Plate, 8. 7. and 8 
or thia report, in the belier that they y be u ef'ul 1D future ex­
p rimentnl urvey of bottO?!l impedance. 

69. Outline of mathematical procedure. 1'h eound preuure 
field from a point aouroe radi ting into e.n infinite medium i1 tirot 
vritt n in apherical ooordin tea. Thia 1e trnneformed into tho deti­
nlt integral or an ~prea1ion involving oylindrical coordinate, and 

variable of integration. Cylindrical ooordino.to1 about a verticol 
axis a.re employed in order to eimplify the formulation of boundary 
conditions. Additional terma are addod to the integre.nd to take ao­
oount or the "not upward r fleeted v:ave1" nd "n t downward reflected 
wa.vea" • which &ri e llhen boundnrieo (aw-t c e.nd bottom) a r intro-­
duced into them dium. 1'h eff ct or th boundarie• enter• into the 
integrand through certain tunotione, F1{u) and F2(u), which y be 
dotermined by applying ppropriate boundary condition•• At the up!)4'r 
boundary. the surface, the eound pre1eure 11 equ l to &ero. At th 
low6r boundary, tho eea. bottom, the pre 1ure ii xpreued in term 
of a normal ooustic impedance, z. 

60. Tho concept of nn aoouetic impedanoe for the 1ea. bottom 
reeulto fr n extension of tho i.mpodance cone pt which i1 f 1liar 
tram the 1t.and&rd theory !'or the reflootion of plane wa • at the 
boundary bctwe n two medi, (Bibl1og (6)). For pla.n waves at nor­
nal inoidenoe th• couctio impedance 1a defined•• the ratio botween 
preeaure and no:-ma.l pnrticlo Telocity t the boundary. When tho 
waves re pherical and their apreo.di:ng ia cylindric 1, a in th& 
oaso under diecueaion, certain limitationa and pproxi tion y be 
introduced whiob permit the boundary oondition at the bottom to be 
evaluated in term of the plane wave impedance. The boundary impedanoe, 
Z, for plane v • t norm l inoidenc on the boundt.ry betw en two media" 

h 
I z - R + J x = ,oc t<>vih rr(~ + i/90) (c) 

-17-
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(1) 

where R and X a.re the reeiutive and reo.::tive components or z. fC' 
is the r d ti011 re iltanc of the fir1t m dium (l.4~ x 105 for .p,...h 
water), a..11 the b1orption oon,tant, and /Jo ii the phaae con-
tent for pl.a.ne wavee at the boundary, j • -r=i. Ma • reaotanoe 1a 

taken negative. in aooordance with Kor••'• oonvention. 

61. Rcr,erting to the outline ot th mtioal procedure, the 
impedance condition at the lower boundary, expre■eed in term• or 
o.. and ;s. 11 h put into the integrand ot the equation for ,ound 
pr eaure. Aftor making various dr!lplifioationa and i·eduction 1n 
the integrand, tho preaeure expreuion 11 tr•:natormed gain into 
1pherical coord1.na.te8. 1'be final equation £or aound pre■ ur di -
tribution i• then analy~ed in o::ne d tail, for the apeoial c e 
when the aour~e depth ie approxims.tely a quarter wavelength. 
Curv • of sound pres1ur veraua d ptb are computed and plotted 
(Platea 6, 7, and 8) for various aeaigned value, of the parameter■, 
and value• of a. and 190 aro then determined by comperieon of the 
computed ourves with the experimental reoor~. 

62v Ka.thematic 1 Derivations. Following the method of bib­
liography (a), consider a point eouroe of sound, or strength A, t 
o.ny point in an infinite homogeneou■ medium. The eound preaeure, 
p, at a distanoe r from the aouroe 10, 

(2) 

wher k 21l'/,\ and )I. h the wavelength ot the wave radiated 1n 
the medium, The bov xpresaion defln • the direct epheric l 
wave which e.rrive1 at the point under obaern.tion. 

S
IRTUAL .SOURCE 

.JOV'iCE A 

- - -
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r o plane po.rQllel bou.~ding surfaces, rcpreeenting tle ~&ter 
urfe.oe and the ceu bottom, be introduced "-fl 1n the ncoomptmy1ng 

rigure, thore llnY lo bo proeent on inftnite number ot reflected 
nve. 1'he phaso o.nd nmplitude of the reflections ~111 be detor-

1ned by tho boundnry imp danoea. In order to simplify the formu-
lation of boundary conditions, it ia desirable to expreo the 
direct spheric 1 w vo (Equation 2) in tenna or circular oylindrio 1 

oordin too y nd er • Thie io done by making u,e of the followin5 
transfonr.atlon, (Bibliogrnphy (8) P• 546)1 

{

a, -KY-l'u.--•j 
p =f(y <5"') = A _e J:(KO-U.) u.du.. 

j O -/ u1.-r 

{

co ,f.J( Y i"u."=i 
P =f (Y ,.er) = A e J.(Ko-u) u.du. 

o .J u1 - , 

63. 7he complete expreaeion for prea ure, including direct 
and reflected waves, ia given by a imilar integrals 

p = ¢(y,a-) ={[e-Ky..rv.-,.-,(, + t;.<~ + eKy-/u..c-, F. (IA.jl J: (Ka u.' u.du.. 
o ' ~ 0 :J-/ "-'- I 

(48.) [y>OJ 

"-( ) -{co[ Ky-,Jv.5·-1( ) -k.Y-il..A'-• ij U..dl.A.. P -=- 'f' Y, a- - e t +- F,<"'-~ ...., e F. cu.) JJ'<:av.)-_r~== 
D 2.l (4-b) "Tu.---, 

ere F2(u.) 1 ao yet undefined> is a function hioh determines the 
char&ctor or tho"net dowmra.rd refleoted waveo", and Fi(u) i a 
Gll'lilo.r fun tion for the "net uy:m.rd reflected -wavoa". These 
funotiona are to b determined by applying the ppropriate boundo.ry 
condition■ to Equation (4). From tho definition ot the impedance Z 
as the r tio of preaaur to particle volooity ~t tho boundary, we 
havo 

At the aurtace: 
t tho bottom: 

p=( 00jZ/kpo) 

ys-$0 
Y:;: Yo 

and Z=O 
and Z=Z0 = F ta.nh Tr(«o-+-jt90) 

(6) 

~ se boundary oonditione. applied to Equation• (4a) and (4b). en-

(v<o] 

ble F2(u) nd Fi (u) to be replaced by expreaaiona involving 0.0 e.nd (30 • 

-19-
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64. Ir the 1olutions bore trioted to polnto directly below 
the aouroe, and if the aouroe h talc9n to be moro than 3/4 ~ 
above the bottom, ae~ ral o1mplif1cat1ons and reduotion tr&..Y be 

de in equation• {a) a.nd (~b). The fin.a.l expr~caion for eound 
preaaure, tra.naformad gain into epher1cal ooordinate•• then be-

P "' A [ [ e i "Y e '"' Y •2.S. l J -e-2:n-(«. + j~)f ej K.(2-'f, -r) - !ij" (2.:1,.2 Y•--YD 
oOlllee s 

KY K(y+2.So) K(2-Yo -y) K(2..SO+Q'o-Y 

The firat term in br oket• represent• the direct 'lff.ff from the 
etfeotive dipol formed by the 1ourc• nd it• image in the aur­
tao, the 1eoond term repreeenta the fir■t bottom-reflected wave 
from the dipole, and the third term represent• the wave from the 
dipolo reflected onoo at the bottom and onoe at the top urfooe. 

65. Tho above expreosion in it• complete form ~oe• not 
ea1ily lend itaelr to analyeia. If the eouroe depth, S0, be taken 
a• one quarter wavelongth, and ths origin ot coordinates oo ahifted 
by letting y +¾= a and y0 +¾:::::. a 0 • equation (6) rray be 

eimplitied to, 
p ;:: - j A (J Yo.a[ t t ] _ -2..'tf(OI.. + ~ 0 ) ~ ~(2.ao-a) . 

K a-'¼ a: .... ,v:♦ e e 
• [ _ I I ] + -2.tr'(O'-o,..jp..) .i~(2.a«,+-a) ( 

7
) 

(2 a. a) -¾ (2 ac,-a.)•~ e e • 

· [ l2 a: .- ~J - x/4 t i a:~ a) .. .y;] - · C- ·. · · · } 

For point• conaiderably deeper than a quarter •aTelength beneoth 
the water urfaoe, a )) ¾, • th• preuure oquation further aimpli• 

fie• to• 

p ,., -J.r f [ <~-a J 
(8) 
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86. Xhe abov equations ehow thnt. when the souroe is located 
a.t a depth of a quarter v length. tM preuuro di tribution 1a 
t~ t tvhioh 1f0Uld be obtained from a series ot virtual 1imple eouroec 
of' deoreaeing etrengtho. located t the aurra.o o..nd bove and below 
it 1n equal etepe of twice the depth. It can be ■hown thut thie 
pioture i 1t1ll aaentially oorr•ot when the source depth i• inter­
mediate betw n a am.all .fraction of a wavelength and nluowt a hc.lf 
wavelength. It • found experimentally that the aouroe dopth • 
not very critic l for th trequencie 1tudied 1n this r port. 

67. It i• eho;m (Bibliog. (&)).that tor the value& of absorp­
tion which actually occur. the effect 6t the multiple r fle0tion1 
beyond the aeoond ( term beyond the ■eoond in equation 6) y be 
tak:on into aooount by con■idering tho sound aouroe to be at o.n er .. 
f'eotiv height above th bottom equal to aome,mat more than the 
wa.t r depth. The virtual hight depends chiefly upon the absorp­
tion, and partly on th pho.ee change at the bottOl:l. For th valuea 
or baorption encountered in the Pot~o River are it • found 
sufficiently aoourate to sume an erreotive height (&0

1 ) 26% gre t­
er than th wa.ter depth ( 0 ). Thia wna done in makinr; the computa­
tion• de1oribed below. 

68. To aw:ana.rico the limitation■ and conditions under which 
the theoretical derivation, are valid,-

(a) The expreacion1 for aound pro11ure pply only 
to point, which are directly or nearly below the 
source, and :S.n the low r lalt or the region en­
olo1ed by the bounding ,urtaoea. 

(b) Tho aouro c:ruat be t leaat three-quarter of 
wavelength above the bottom. 

( o) l'he aouroe depth should be taken to be approxi­
mately a qu rter velen&th below the aw-r.ce. 

(d) The de~th ahould be at le 1t one wavelength, 
eQ that (b) and (o) may be intained and al.so 
2 >> 1\8-/16. 

l ) 1'be off ctiv distance or the aouroe from 
tho bottom (n.0 1 ). ahould be taken to be 10% to 
26% greater than the water depth (a0 ). Higher 
terms itay be neglected if thh i1 done. 

-21-
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Rettriotion& (a}, (b), and (d) ensure that variations ot bottom 
imp dnnoe with angle of inoidenoe do not need to be oon 1dure4. 
Roetrictiona (o) nd (d) together permit the dipole to he reduced 
to a.n equ1vulent ai pl oource. 

69. Computation of Sound Prosaure CU?'Tea. In order to deter­
mine a.. and 19. from the exper imental record,, ourv • or eound 
pressure distribution ne the aea bottom wore oomputod for a igned 
va.luee of the pa.ram tera. 1'h ctual preuu.re fi ld b to be probed 
by a hydrophone which meaeurea rm• n.lue1 of proa,ure, nd the pres­
aure diatributlon of interest ia oonoerued only with the relative 
values oft.hie quantity in the neighborhood of tho 10& bottom. In 
ordor to reduce quation (8) to rorm conTenient for computation, 
it ia t ctored and re,a.rrnngedJ with .9 replaced by a0 •i 

p ~ -2j A e->~r>:,. e-~ ~ ,..-\9-) [~\ct.+ .i [$3. - o/" ( a.'o - a.•lJJ 

- e-it {o.o+.i U3o-¾(~ -a•)]j ) 
2.~-~ 

1'he rma valuo ' of pressure 1n eq tion (9) nrie1 aa follow 1 

~-•(1-~) 

I Pl ~ ~(2.· ¾~) 

l I I 
The approx tion tanh- ( l - L ) l • Q.;., 

'o !lo 

(9) 

{10) 

1 valid in thie c ee_ inc the aolutiona ar r etricted to point• 
where (d0 - ~)<< a0. The expreuion for rme prouure b comea s 

It can be ehO'lfil that thi formula ia very Dearly correct tor 
valuee of (')up to on blt of the depth (a0 ). 

69. For computation it i oonvenlont to let (a'o- ~) : d, 
the dht&.noe above tho bott , and to let the independent -nu-iablo 
ba. the .form 2 d/14 • i'hu , 

lPI "-'✓c.o.sh zrr (c:t. +- ¾tr~(~~ - c.os 2.tT fp>. - ~] 
(12) 

( 11) 



70. :he above expreanion, reduoed to the form of rolative 
eound preccure in db, hao been computed for the first half wave­
length above the bottom, for various value• of the pnramotor8 
01. , fsc Wld ,Y2.fl'~. The CO'illputed our voe, plotted in Pl.c.tcs 
s. 7, and 8, were oomp!!.red with the experimental recorde to yield 
the values or CA.o and fJo which charaotericed the bottom over which 
tne dat.. wGrota.ken. 

Note. Since the reflection coefficient tor eound 
preeeure ta bottom of absorption coeffi-
cient Clo 1• 

the lo• from abaorption at the boundary 
my be written .in the torm: DB loal per 
bottom reflection : 54. 6 ct. • The oharao­
t~r of the bottom reflection ia determined 
by tho phase 0on1tant /3• • The phaee con­
stant is al10 a function or tho velocity 
diotribution in the 1eoond medium, which 
may bo complicated cmiur,: to etrati!'ioation 
of the bottom material. Tho exporimentn.1 
recults e.nd their probable explanationn 

ar di oua1cd in tho body of the report. 

Note. Tb.a finding of reoorde indicating both 
tiffneaa and naee reaotanoe 11.t the bot­

tom differs from tho conclusion or biblio­
graphy (3). It waa atated thoro that "th 
bottom or tho harbor baa• ma• reaoto.no• 
in very case". The preaaure curve choeen 
to illu1tra.te the Bar·,nrd - NDBC report, 
hcmover. seem• aleo to illuotrate etirt­
nesa re ctanoo. 
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APPENDIX B. 

AVERAGE VERTICAL GRADIENT OF SOU?iD PRESSURE LEVEL 

71. The averaee artical gradient of •ound preaaur lev l be­
neath a •hip-mounted-eouroe may be eeti ted .from the theory outlined 
in Appendix A. Thie gradient i the 1loP4 of the preeeur level curvo 
,'hich would be obtained if the 1inu1oid l compcm nts of the etanding 
wave pattern were averaged out. Sinoe th.is ie al~o the aort or pre•­
•ure dietribution whioh nhould be produced by multi-frequency source 
auch a, a hamnerbox, it~ 1tudy may h ve applic tion• to aoou•tic mine• 
weeping 

72. For large values or abtorption ooeff1c1 nt, and for the 
source depth e.nd distance oondltion• of Appendix A, the reflected 

ve from the bottom beoom I negligible nd the pre•aurc diatribu• 
tion ii that for imple epherlcal wave. In thh ca1e only th 
first ten1 ot equation (8) 11eed be oonlidered: 

p • { 2A/lc ) jlca .. 
from hioh I pf ""l/a (14) 

From this exproeaion the ratio of preaeure at two point on th 
xi at diatancee a 1 and 2 (&2)a1) ler 

--
(15) 

73. For example, th gradient ot aound preoeure level, x­
pr aeed in db, t depth or 40 tt, hen bottom reflections are 
ab■ent;, ii dbl • db2 : 20 log10(l-+- 4 /e..1 ) : O. 20 db per .ft. 

74. In gen ral, hCA1revcr. the absorption t th bottom i1 not 
complete, nd at le t two term• ot q tion (8) muat be ta.ken into 
coount. It will be how by derin.tion from equation (9) that the 

average gr dient of tho sound pre,aure level i• larger for finite 
luea or bottom baorption than it 11 for complet ab orption. 

Thia reeult ia dorived a tollowa: 
ConDid ring only ab1olute magnitudes, equation (9) give• 

I( 
n-[o,.,.~j{a.- ¾C~-4•J)J -1r£«o""''A-~~-a'J'l1 

IPI "' e a: - e 2.~ _ a· - j
1
c1a> 
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Thie expreeeion contains a alowly varying portion and & periodical• 
ly varying portion. Average preeaure mplitudee may be obtained by 
evaluation for points at which the periodic portion is iero. For 

1uoh point& 
e-rr~ 
a: 

u -
2.a;-a: J 

The r~tio of preo1ur oat two auch pointe, at a~ and a2• i 

where U. the reflection ooeffielent. i• d fined aa in equation 
(1:5) 1.n torma of ~. 

(17) 

(18) 

76. Let the points be taken fairly cloae together (depth equal 
to 1everal wt.valengthe), and let the difference ~2~ ii be do1lgnated 
4 ~. The presauro ratio beco~e•i 

(19) 

By pplying eucoea iv& valid approximations. the expresaiou ma.y be 
hown to oloiely &pproximnte 

(20) 

Further eimplifioation rro.y be obtainod by letting ~l = m a0 where 

O<m(l 

(21) 
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no nvcrted to db, this equ tion xprea1ce the avera&e pree1ure 
vel r dient for any point, below the oouroe, t 'A'hioh the theory 
evtouely derived i valid. The above expre ion ia independent 

th phase oon,tant, 8. • and it 111 bo ahown below that the 
level gr~dient ie relativoly conet nt between the bottom and poei• 
tion 11om hat more than half ,ro.y to the aurface. 

76. The quadr tio form of the braoketted term 1n equation (21) 
• gg t1 that value• of U mir.ht bo foUDd •hich will givo the eam 
nlue of pre1aure levol gradient for two arbitrarily chosen point 1n 
the field. Let the bottom and a point pa.rt way to the eurface be 
cho en, tor hioh m ~ l e.nd m = m1. r apeotively. A solution tor U 

y be obtained by otting the value of equation ( 21) t the point 
(m ~ 1) equal to ite value at the bottom (m: 1). 

(U+ 1) m~ -4-m, + 4 
(U+-1) m," -2-(u,,.2)m, ~~. 

I+- U 
I-U 

ombininc term and dmpU!'ying" thia re(\uoe1 to s 

(U+l)~2 ... (U+-1)2m13+4(U+l)q2 - 4(U~l) - f3mi1-8 , 0 

(22) 

77. Thia equ tion define■ the rel tiou which muat exist between 
zc e.nd U, in ord r that the gro.dient of sound preuure level ah.all be 
the oamo at aome peoified point•• 1t ie t the bottom. For th 1pe­
oi l cae of the point correapond1ng to m1a ½, (&': ½ a0 •), a po11tion 
e owhat ore than ha.lf way to the surf o e the bov xpreaaion reduo 1 
to 

(u+l)2 - 2 (U+l) + 32 : O, from whioh U = 0.41'1 and 

~o = logJYuJ/41r = .12. 
78. Thie value of <X.o, curiou ly enough, 1 repreaentativ of 

thoa obtained fro xperiment&l records in moet locationa, Return­
in to equation (~1 ) , and ub1t1tut1nt in the bove value of U and 
11 • ½. an expression io obtainod tor the pr ae12r level gradi nt at 
the point corresponding to a! ½ &0

1 

p;oP ::: I -r 2.4,3 ~at' 
For a nter depth of 60 ft (aQ': 63 ft) this i• eq 1 to 1.0386 or, 
expr aaod in db1 0 ~S db per rt. 
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?9. 1'o eti t how much tho gradient vnriea at intorm diatcl 
point between the eho en point, it y be eTal t d tor xrunple 
at a'• 3/4 &o'• At thie point the preaaur level gradient i1 
o.387 db por £t. 

80. Evaluation of tho average pre ure l vel gradient tor 
other intormodiate points show~ th tit 11 eub tnntially conate.nt 
over the entir rn.Il& • Furthermore, for other values of ot.. • 1n 
tho neighborhood of 0.12, it -a.y be 1h01fll that the gradient will 
be re 1onably oon taDt for all pointe lying between the bottom and 
eomewh t ore than half y to the ur.faoe. Over thil rongo, pree­
aure level curve (db T distance) tak n o~•r bottomc for whioh ~ . 
ia approx11D11.t ly 0.12, ill ri e almost linearly ith dietano above 
tho bottom. 1'hie will be true, independ Dtly of the vulue of p. 11 

and for a f irly wid rango of values of Oo • lni• behnvior ie well 
eubatantiated by the xperimeutal reoorde. See for eumpl$ the upper 
reoorda on Plato 3. 

81. Si.nee tho nrage preaaure level gradient ia nearly inde 
pendent of poaition for point• in th vicinity ot the bottom in mt.ny 
ca1oa, th value at th bottom will ofton be repre entativ or the 
nlue t iome distance above it. The pr eeure l vel (7&dient at 
the bottom may be obtained by evaluating equation (21) form: 11 

P + tlP ~ [1 + Aa.' /i_+u11 
P ~ l1-u 

For tho oane of lGJ'C ab orption, a_>> o , O a.pproaobe zero, 
th above expr e ion reduce to the preaeure relation for the 
eimple spherioal field, equation (16). -

(23) 

nd 

82. ~uationa (21 ) o..nd (23) 1hcw th t the verage vertio l 
grsd1e~t of the pree ure level in the complex couetic rield be­
noath 1a ship-mounted aourc ii in general gr·eater thElil that which 
would be found if th medium extended- '.!OW1111ard toward in!'in:i ty 
(gre t water dopth), or 11' the baorption at the bott0tn were com­
plete. 

85. Co porioon with Experimontal Reaulto. It 1 1h0'1ffl by 
the experimen l reoorde th!lt tho nv rago gradient of the ound 
prouure le-vel beneath the ship-mounted ■ouroe wo.e independent ot 
tho initial phase oonatant (~ ), and th t it ried with baorp­
tion oonat nt in the nner indioated by equation (23). Quantita-

DECLASSfF E 



tive croement was obtained between mouur d and computed vnlues of 
the f9. dient. The agreo.ment ~ a~tiafaotory for thoeo reoorda whioh 
were made undor id al oondition, for x mple the eorioe illustrated 
on Plato 6. For thee records \'.A.= 0.10, U • 0.643. 0 • • 79 ft, and 
the co puted gr dient (equntion (23)) n1 S.6 db per 10 ft. Th 
measured gradient wao 3.3 db per 10 rt. In genernl the oaaure~ 
values of ~verago gradient were 1n the range 2 db - 3.6 db per J ft, 
and the agreement with computo.tion wa1 within 0.8 db per 10 ft. The 
me ured valuoa were u ually low. Some or tho deviation between 
meaeured and computed va.lU9a of gradient •Y be explained • duo to 
tho inadequacy of the dmpl:U'ication1 which 1rer introduced to ma.ko 
allowance for the influence ot hither term, than the• oond in equa­
tion (8). Some of th devi tion wa1 experimental, and • du to 
departuree trom normal inoidenoe. 'l'he befit agre nt ahould b ex­
pected from records mndo 1th hydrophone and ■ouroe located aoour t -
ly along a vertical line, 1 in th above xample. From rocorde d 
under 1uit ble experimental oond1t1on1, it ahould be po aible to esti­
mate the e.baorption co tticient, 0(.0 , .from the meaeur d average v r­
tical gradient of 1ound pro~euro level. Suoh a mothod could be employed 
to determine 01.o rapidly nnd with a minimum of analylia, at frequenoi • 
high enough (wavel th loao than rou&hly one third th depth) to per­
mit av ra.ging of the atandint wnv1t p!lttern 0r1 the record. 
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APPE?JOI.X c. 

NOTES ON NOL REFatT NO. 488. 

8~. BOL Report No. 488, entitled "Aooust1o Pre11uro at J:larbor 
Bottom of Finite Impedo.ooo". (Bibliogr phy (6))_ givee a theoretio~l 
eolution for the eound pre oura to be expected at a harbor bottom 
du to a eouroe loo tod below and near the aurfaoe. Since thie i• a 

p oial oaoo of the proble coneideron in thia report, a oompar1■on 
of th NOL treat?!tent with tt. t of the Harvard ?WR~ group (Biblicg. 
(~)) it a relevant ad6ition to tho preeent dj~ouaaion. It will be 
ahowu below that oasenti lly the ■a.mo reeult• were obtained by en­
tirely different methods. 

84. Th• nnthema~ionl de~ioe employed in the NOL report 11 the 
er.preaeiou ot the originQl ~phorioal ve i.o the torm of lUl infinite 
number of elementc.ry plane -,;nvee. Thia gives riae to a oomplioated 
integral llhioh 11 evaluated by impoaing easentially the e&me li:mlta.­
tion1 aa thoee required for the derintione in bibliography (3) and 
App ndix A. The limitation di.ff'er i.n on reepeot. h01:ever. The 
loweet froquenoy for whioh the fi.DAl exproaeion ia Yalid. at ny 
ginn depth. ia apeoified di~ferently 1n the two tre~tmente. For 
example, t 40 ft depth, the low frequency limit i1 300 ops tor: the 
NOL tormul. and npproxim toly 100 cps tor the Ba.rvn.rd-HDRC t rmula. 
1'his euggeeto th pocsibility tha.t the final integral of the UOL 
r port may be evaluated for l(lwer frequ nclee than thoso indioated. 

86. In the DOL report, the final reault civea the preseu.r 
cn the bottom directly bolo.. the aouro , !n terms or a orie¥ of 
aimple souro ilile.ges each multiplied by the proper coefficient. 
Subject to the prop r limitation■, the exaot exproasion dorivad 111 

In thie equa.tfon Cl ie ~ pronortionality ooncta.nt. io.oluding the 
eouroe trongth. •to. K : -e•.tft'(O...+jB.) h the oomplox reflootion 
ooeffioient. given ~s negGtive to take care of the phaee change t 
reflection. Pr( 0 ) ie the "free field" nound praoDure t diata.ooe 
(a0 ) due to the eouroe and its image by reflection at the •urfaoe~ 
in the ab enoe of any oth~r boundaries. P(a0 ) ia the aoUDQ pre•­
eure on tho bottom at depth (~o )• 
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es. By making use 
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or the relation a0 : y0-t8~, nnd 

fejK(do·-50 } _ ejK(a,.;-Sc)] 

r a. - '5o ao ... ~o 

nd expanding the preecure expression in terme of the parameter,, 
the complete expreaaion tor prosaure ~y bo obtained in the form: 

P(ao) ~ C, f[ (KYo ,i"Cro ~:uo>J -e-'l;Tr(O..+.i/So)[ .£ - JK('ic+Ut.~ 
l! I' Yo + a,~ Ye Yo -t- 2.'5. .J 

+ e-fl.'fY'{Ot • .,.J~)[ e.j~(-3'(o ,r~.So) -
,3 Yo .,. .i..so 

e,il< (.3 Yo ,"4J°o)

1 
_ . _ _1 

Jyo .,.. 4'5"o [ J 

87. The oompo.rieon ot thi& e~pToeeion with equa.tion (6) of 
Appendix A. valuated t y: y0 ~ ahowa that the two formulation• 
are identical in form. Since the two treatment• involved the ueo 
of entirely different JrAthe1Stioal means, the a~ree~enl between 
the resulta 1• gratifying. 

-:so-
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1. liRL R port No. S•l900 nnd S-1924. 

S-19001 "Underwat r Loud-Speaker For Law Audio 
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Oniverllity. 
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tA.BLE I 

LOW FREQUENCY STAl,DING WAVE DATA FOR 1'l!E POIOUA.C RI\'ER AfIBt\ •• 

Character Loos per 

Record Looo.tion water Type of of' Bottom Bottom 

Group 1D Rivor Depth Date Bottom Re!'l-,ction Reflc,ction 

• Olymo t 40' Aug. Very FB 2.1 DB 
A Soft Mud 

b Glymont 40' Jan. Very 6-9 DB 

A Soft Mud 

0 Glymo t 63 F b. Very FB to 'l'B. 6 J)B 

B Soft Mud 

d PR Bridge 66 ' Aug. Soft 1.uud B 6-9 DB 
A 

• .PR Bridge 5tJ I Jan. Soft ?lud TR 16 DB 
A 

f Pit Dridr; 'IS' AUg • Mud TB. 3-6 DD 
. B 

Piny Pt. 48• Aug. Ra.rd RB 6-8 DB 

A Sandy 14ud 

h Piney Pt. 46' Jan. Hard RB ll-22 DD 

A Sandy ~ud 

' Piney Pt. 56' Aug. Sof't Uud FB 6 DB 

B 

j Piney pt. 46 1 J n. Soft Mud TR to RB 8~16 DB 

B 

Pi.Dey Pt. 60 >.ug. Soft Mud F'B 6 DD 
C 

m RhGr 5611 Jn:n. &rd RB 8-He DB 

Jlouth Sandy flud 
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TABLE I (Con' td.) 

(l) In tho abon tnblv, FB indio toa "f'ree-bounduy" 
refletition at the bottam1 RB indioatea "rigid-boundary

11 

r6flection at thft bottom, tllld TR indio te1 thnt tho 
cha~ cter of tho rofleotiou is intermediate bat-,,~en FB 
f.nd J B

1 
cir that it chc.nr,ee qi.th fre4ueno:1. 

( 2) All 'loo +ions ,...re in the PotOU\&o River area a.a fol-
10111' I 

Glymont (A) .. in mid-ohnnnd ~00 yards up riTer 
from tho dock at InoiG.n Hoad, ltd. 

Gly•oot {B) • 200 yards north of the tl~ahing 
red light t Olymoot, d. 

PR Brl ga {A)-on the N.RL r n.1e oo~rso 300 yarde 
south of tho Poto~o River Bridgo 
near J!orGant,:,wn. l:d. 

PR Bri.'lgo (E )· 200 yo.rde cast ot the reLge ooura 
end 500 yo.rde aout~ of the R1vor 
Bridge. 

Piney Pt (A) -600 yarda eouth of Piney Point light 
(Lat. 3goo11 50'\ Long. 76032 ' 0") 
where the ehsrt show hnrd bottom. 

Piney Pt (B) ~in mid-oh&nnel Gfl&t of RG.!ged Point 
(L.~t. 58°09 5 22"• Lon&• 7G i3'59" ). 

Piney pt (C) - 3000 yo.rd~ aouth of Piney Point 
light (LG.t. 58°06' 40" • Long. 76°32'0fl )., 

River Ltouth - 3000 yn1de south or St. Goorga lel nd 
(Le.t. ~8°0('16"~ Long. 76°28 908"), •herG 
the chart 1how1 hard bottom, and here 
re..ngG run w re made in performe.nce ~c to 
on the Xtat-2 sound generator. 
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TAB!.E II 

LO'ir FREQOEliCY DOTTO~ DlPEDANCE DUA 
FOR THE POTOUA.C RIVER ARE.'.. 

Record Loe tion Frequ ncy ~ "k= 17~-
Group and Dnte ope ~ ~. - --

Glymont 120 0.06 0.,00 0.15 o.oo Ool.6 

A .. .Aug. 200 0.06 o. oo o.16 o.oo 0.16 

500 o.os o.oo 0. 16 o.oo 0.1 

b Glymont 100 O.lG 0 . 10 0.60 0.26 0.66 

A - J€lll. 120 0Ql3 -o.15 0 . 42 -0-47 o.66 

240 0.10 .. o. 30 0. 76 -1.00 1 2 

C Glymont 100 0.10 o.oo 0.30 o.oo o .... o 

B - Fob. 200 0.10 .. Q.03 0.53 0.2s 0.41 

500 0.10 -0.15 o.:ss .o.46 o.5 

0 0.10 .0.20 0 . 46 -0.62 o. 77 

d F'R Bridge 100 c.12 .. o.ot o.~ -0.10 o .. ·s 

A - Aug. 200 0.12 -o.o• 0.34 -0.10 0.36 

300 o.14 ~o.os o.41 -0 14 0.43 

400 0.1s -0.10 o.so -0.25 0.66 

Hl Bridge 100 o.so o. 10 0.77 0.14 0.78 

A - Jan. 200 0.30 -0 .. 20 0.88 -0.26 o. 2 

£ PR Bridgo 100 0.08 ... Q.,04 o • .25 0 .. 10 0.21 

B - Aug. 200 Oa06 -0.10 0.1s -o.32 o.~1 

250 o.o& -0.12 0.1a .. 0.~1 o .. .c 

300 0.01 ... Q.26 0.40 -0.90 loo 

400 o.oa .. o.35 1.00 -1.40 l.'70 

500 0.10 -0. 50 3.,20 o.oo 3.20 

Piney Pbo 100 0.16 .. Q.56 1.30 -o ... ac .60 

A - Aue;. 16C 0 .. 12 -0.50 2.'70 o.oo 2.70 

200 0.12 -0.60 2.70 o.oo 2.70 

250 0.12 •Oo60 2.70 o.oo 2.70 

400 o.14. 0.35 1.20 1.00 l 60 

h Piney Pto 100 0.40 -o.-A6 1.20 -0.06 1.20 

A - J:m. 200 0.2s -0.50 lo60 o.oo 1.60 

300 0.20 Q., 6 l.70 0.30 l.70 



TABLE II (Con'td.) 

R•eord Location Frequency 

~ ~o ~o
1
~~2 Groue and Date OEIJ C4 

! Piney Pt,, 100 6.10 

B - Aug. 

j Piney pt. 100 o.~o 0.42 1.50 0.20 1.30 

B • Jan. 200 o.so -0,30 1.10 -o.:so 1 .. 10 

300 o.26 -0.30 1.10 -0.46 1.20 

400 0.16 -0.20 o.so .. Q.6;5 o.eo 

k Piney Pt. 100 o.os o.oo 0.2s o.oo 0.28 

C - Aug. 160 0.10 o.oo o.so o.oo 0.30 

200 0.10 o.oo 0.30 o.oo 0.30 

300 0.10 o.oo 0,30 o.oo 0 .. 30 

m River 100 o.:5 -0,60 2.30 o.oo 2.so 

outh 200 0.11 -0.60 2.00 o.oo 2.00 

Jan. 300 0.18 o.so 1.00 0.10 1.20 

400 0.2s 0.10 0.30 o.so o.40 
600 0.11 o.40 1.so 0.10 1.ao 
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