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200- te 5000-cps bottem

. Y is presented which eusbles the cmputatien to bo made of

shallov-water. Typical computed eurves are presented for reverl

level va remge/water-dapth. Gcmputed curves are presented for seattering
strength ve rengs/water-deyth. These later curves are presented for both

the iscspeed amd dsgative sound-speed gradient cases.
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‘ The predlem of the prediction of long-rangs active dstestion pessidili-
| ties in shallov water invelves the estimate of the two-way tremsmissien
assesmmnt of the roles of surface, volums, snd bottem reverberation. The
theory developed, for lang-rangs bottom reverberstions in shallow-water,

tmm“.mmm.mmm"-mm

water transmissicn losses that was based on ray methods. The velums, surfasce,

and bottom reverberations from lomg rangss in shallew-vater are inseparedls.

However, in some unpublished work by the suther, it was found that the TOO-ape
reverberstien returaing frem & range of 11,000 yerds in 88-fathem water,

when the wiad was bloving )0 knots snd the sea vas stade 5, yislded a ryewer-
Seratien strength of aaly -58 @ per square yard. Whis eould bo emtirely

at the lewer freogueneies is wmaveilsble. Gnly dotiem reverderstien will %

dissuseed decamse it 15 lilmly ths enly imperteat reverberation fer the fre-




qQuneiss of interest for this pager whieh are fram 800- to 5000-¢ps. Dettem
reverberstion for & given bottom was found to exhidit 5o maried fregumey
dapentence.B' 3" puy surface reverderetiom esuld b trested as sdditiensl
Dotten reverberetion. The trestmsat of ty velwm reverberstiem is straight-

forwerd with the trenemission lesess previeuwsly sosputed.l

TERORY

Meverbersticn Behavier

The two common sasumpticas’ for the bebavior of the bottem sestiared
sound are illustrated in Fig. 1. The solid eivels tangsut to the Dettem
ares illustrates Lambert's cosine law for diffuse reflestion. Lasbert's lew
states thet the imtemsity, I, st & wlt distanes frem the uait arves, of the
ensrgy sesttered st eny mngle, O (not mecessarily in the pleme of imeidenee),
16 ugsin O timss the insident intensity, Whese u, 18 & cemstent peculiar to
the &iffusing surfase. This gives

3, @ ugly 58 0. = T otn fata 0 Q)

e dsshed semi-eivels in Pig. 1 illustretes the alternate ssowption




Wieh 15 that the sound 1s seattered waiformly ia all divectiens. In this
case the velus for imtensity, I, st & wait distene frem the wit wree

Loml cn e ®
Were u, 10 & comstant.” e reletive maguitudes 1a Pig. 1 heve 3o atguifs-
emes Wut wre arbitrarily pleind for elarity of illustretion. Both of
these mocheniens implieitly sssume no asimuth dependance.

Por nany spplications the imterest has been ecufined to the ease vhere

9 = § and Lemhert's reverberation has been referred to s & sine-squared
dspendence sad amidirecticnal reverberstien &s & sine depentense. Tis is
becouse the imeident intensity I,, varies as sin 4. Bgwstiems (2 wt (B)
mmtcm\v

3, = nly sl o g ‘ (3
where K = 1 correspends to emidirectional sesttering end K = 8 cervespmds
%6 Lasbert's 1. There 1s no Mmitation thet 0 = 4. Seme Sh-gfpe enpevi-

msutel date’ fover Ko 1 cud sens fover K = 8. Whe 35-tups date preseated

L B B B R B B B B IR B B B R B O B BN O R R B R B A R IR B B B B B B IR R B

My metbors Weve wwol o facter £7 widh this mswghioe Segviler Tk
Sesttering seaffiolent 5, Weve 0 /87 o u .

ey

SR




wm‘hoﬂummm (areas A smd B) follow the sime-squared

dapendsnce very clossly from his smallest grasing sagle of 10° to meswal
incidense. Figuze 2 presents some data that were furnished to the auther by
AT o perscmal commmication. %he value of K = 1 is obvicusly
the best for this particular rough botom.
Transmission Losses

The rey method that vas used in the previous paper’ with the sssusption
of random phase will be used in this paper. The scattered sound is comsideved
&8 & nev source. Considering the scattered sound from a wnit area, Lambert's
law, Bq. (1) gives a vertical directivity, as shown in Fig. 1 by the solid
tangant circle, of sin O; and, the assuaption of wmiform seattering, Bq. (2),

gives an ammidivectional pattern showm by the dashed cirels. These new

— e Sovree conoelbng rllc, |

mmmnmmwc,\ }-lﬁ-lc-h-un-u;
the sums mesmer as the b sta® (B2 o1x 4) ves wed 1n dorermining the trems-

mmmumuum-u.‘ hmau,*h

expression Fov The 2
Ietrniag ixteaity ot Whe Teseiver bosemss :
{ 6

T N s ki, i inl i ek e St i e . .

-




5.#5} sl o ,l"‘..u'o (%)

Were Iy 1o the havisental intensity bask st the ressiver.

R o agpe

D o Water dopth

A = offective insemified ares

7 = yetis of reflected imtemsity to imcidemt imtensity st grasisg
gl 4.
The reflestion of ccefficient, r, is & fumdtien of the retic of the soumd
spoed, oy, in the botten to the sound spesd, o, in the Veter; W retie of
the demsity, sy of the bottam to the demsity, 8y, of the Water; Whe velwm
sttemstion of the bettom, G/S, 1a nepers per redian; sad the gresing sagle.l

--—w.:,“ﬁmmwmmtcm
a..ul.u'-lllﬂnj?dﬁ r“‘ncit ()]

he ems-vay trensmission lese fer he revesberetiea returning frem reage R

te W8 restiver is

Y
By o 90 deg R+ Ay + 3.0 % ~ ®

o i e N Gl i




wasre the 18st term aseeumts for the velums attemmtien in the ses water’ amd

£ 15 12 bape and R 15 in yards. The snesslies for s typdeal cendttiens
ae o Plg JferEeloniKef. e eurves for Ko 1 are Jwst 3o
lower than the mmidirectissal surves of the trememiseiss less op.r’ beemuss
a surfase 1mage is 3ot sensidered for the revarberstien meehemis.
Iasideny Rmtepedty

e issident inteasity st the bottam eea be cbtaimed from the herisemtal
intensity previeusly develeped’ by leaving ces § out of the expressies. The
ineldeat imtemsity for the isespeed cenditiem is thea

et (ens) S ™

ﬁn‘-mwwaommﬁuumn

x.-mwwnommnc-m.

Te iasident iatemedty &I, @ o Jpi§ Swes of the Detten ot ea sagle # is

Integreting fyem 0 4o 2/, gives the total issident istemsity, 1, =

l,-;g" ose? (Q-u) :"‘ “agag (9)

= ~——
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I

Hf f The term reverberstion level, RL, is defined as the reverbereties deek
E | o
F “*Mm““l".‘f%‘aﬂlm Com-

biaing Bgs. (b) aad (9) gives

n-m:-.@j?m’(ymﬁ) rul-‘métﬁ jim“‘o}*‘g{—o;

°
(10)
If the receiver is by the source, the effective insonified ares, A, at any

instant is MX A-mf/t
vhere ¥ is the horisontal besm width, snd v is the transmitted pulse duratiem.
* It is convenient to keep the units of R and D in yards and ¢ in yards per

second. Typiecal normalised sversage Reverberstien level vs Range/Depth curves

are preseated iu Pigs. 4, 5, and 6 for & horisental besm-width of 10°, &

sound-spoed of 1600 yards/seeend, & pulse duratiem of 0.1 seeond, and a
| valu for uy « 207,
FEVERNEMYION STRENUT

e guatity reverterstion streangth, M, is defimed here o

..‘“"%‘ ()

T e,

ottt ol %




/?

vhere A is the effective ares from which the reverbderetieon is caming at eny
given instant. This is analogous to & ship’s target strength, T5. Seatter-

ing streagth per unit area, O,whmbu

p 4
l-mu.m<,:> (12)

Teverberatien strength is & more wseful cemcept than reverbderstion lawvel
bestuse the reverbderation strength can be coupared directly to the target
strength of a ship. Reverderatiea strength is alse comvenient for bistatie
WM%W@M@%M-
Isospeed Conditiens

mmu-—muu-ancm,ﬁ., at which all of

the sovnd may be censidered to impings on the dettom. This is determined by

i
“ta g, o <“‘¢>--£L“. (*m‘)}"“‘“ (3)

57 “"(’mﬁ 'I*A“
S il it o7 e

all of the reverderatien may e eensidered to eame - or dotter yot, the valwe




sy be eonsidered to be thAt of an equivalent csmidirestiomal souree.

.

r oos 040
-uo -

j"' Agpe

(1)

eos 040

Bguation (14) is unity far K e 1. Por K « 2, By. (14) yields effective
mnm;.o..mmmm—-mumm-

mﬂ.umﬂﬂanﬂpnmmm.

Sormalised reverberation strength vs. rengs/depth curves are given in

Figs. 8, 9, and 10 for some typical bottams to illustrate the effects of the

several paramsters. The feature is the much smller range of lewels thaa

that exhidited by Pigs. 4, 5, and 6. The reverbdersticn level can be obtained
By subtrecting the sum of the transmission loss to the reverberating area
end the tremsmission loss from the reverbersting ares from the reverberstion E

strength. Note that the amidirecticoal l¢es daek is uwed for both K = 1 and

:-lmmo.-mhtu. (a»).

mmmw*mwumgn




senvihat larger angles. Scms ctlculaticns were made for the somd-apoed vs
depth prefiles shown in Pig. 11. These salsulstions vare made fer & water
dopth of 50 yards. The dependence on the dimmsicnless pas=uster rengs/depth
1s net ewet; but, Destuse it is & falr eggroxiastien, the reverbersties
streugths are precented ncrmalised ia Fig. 12. The cwrwes for I8 for arets
1 and IIT ere not eutet Dut ase besed en the fair aggreximstien, fer these
omittions, that <aia'é) = sin, s1m0.. The correspeniing isespesd eurv
for E«@ was ebtainsd Dy interpelatica detween the availshle VNIVAC eeuputa-
tiens for eg/e; = 1.0 and 1.08. ALl the computed valwes of reverberstion
strength - Which is couparable to target streagth - fall in sggreximately
the same rangs of valuss. The cerresponding tramsmissien lesses differ
considoradly. In fast, the calsulstions far ares I en Pig. IR are stapped
where the transwissicn 10ss becams emseedingly large asd the eewputing
maehine ren out of digits.

EMBART
e precosding cgmiions estadlish & methed for samputing bottem rever-
veratien ia terms of the pigsisal preperties of the Botham. m‘u—a
50 aimth dapendsuce end this of eourse is iapliest ia Ngs. (1) amd (B).
e Jlovel of Whe rovesbaratio, IR, &4 & ressiver ot an arbitrary lesstiem

otn b dstermined fren Yhe sowres Jovel L, in & o b 8 1 Jard, e




Teverteretiem streagth 1S, ibe trensmissicn loss K, from the sewres to the
reverberating ares, nlthmhnl.ﬁ-ﬁm-u
to the ressiver. The effective ares to caapute NE ot any instant ¢ & %0 &
pulse leugth ¢ will be dstarmined by the goanstyy of the imtereesting sewree
i ressiver bomms. The chaies of K and the value fer the eesfficiemt, u,
will have to bo dstermined from the best availadls informsticylf em the parti-

oular bottan. T level of the reverbderation is

Wel +M-R-K Gas)
The trensmission 1oss K, to the reverderstisg ares is
3
5-0%',*3,03.3110”:/'1' (16)

Weare A, 15 gives in the tremsmissien less paper.' (M inetdent intenstty
cmputed frem By. (7) 1s net strictly the st 80 the herisemtal imbemsity
Yoosuse the 0o 4 has Voen enitted. Hawver, the sagles ave samll and the
@ifferense is euly & mmll frastien of & O for B/y 10.) =

Asgwrete slede-vengs Teverbarwkisn stulles sver differest bebtems amd
espesially vith lowy froguusies are needed fer gresing engles fvem 1° to
00,




Severhesation strength is more significent tham rewerberetien leovel. ﬁ u
tranenissien lesses shovid alwys be dstermined vhen sny reverbesetion data
are btained in order that the nare f\mdsmsutal reverheretien strengths omm

e ealsulated.

F i e auther vidhes o thenk the David Saylor Medel Baain where Begs. (10), ‘ 4

(13), end (14) wmre ccaputed en the UNIVAS for & large mmber of conditions

in 1959. The auther alsc wishes to thank Mr. 8. W. Porter and ¥rs. 0. 3.

Porter, o made the domward refrection caleulstions en the TIN 60b eenputer

at ML and Mrs. M. R. Miller who pletted many of the curves.
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Pigwe 1 - Geamstry {llustrating the reverberatien direstivities for beth
amidiresticna) seattering and Leshert's lavw of diffuwse reflestion.

Pigure 8 - Sestiering streagth per squarye yard of & rough bettem for 83530-aps
sound.

n—.;-mmnm./bnhtem(&l)
and for Lasbert (M=) reverderstiem.

Figue 4 - Bormalised reververation level vs rengs/depth for & bettem with
"-1001‘.'.10”10

Figure 5 - Hormalised reverberation lavel vs rengs/deyth fer & Bottem with
.'-l.l,clﬂp.-lolﬁl.

Figure 6 - Normalised reverberetion level vs renge/dapth for & dottem With
C.‘Oo”xﬂﬂ..lo”xo

n—-7-mmnm¢n/unmm;uﬁam

‘.mwnm—m

Pigae § - Nesualised reverbersticn strength vs rengs/Gapth for & bettem With
ﬁ"“;‘ﬁ'““{’ :

Pigure 9 - Normalised yeverteredien strength vo rengs/dspth for & dettem with

Q..L.}h‘..t..&r
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e

Pigure 10 - Normalised reverderation strength vs remge/dspth fev s bottem
ﬁu..-o.mlug.-x.»x.

a—-n-mcwnmﬁmxummu
used fer the camputatienms.

Pigue 12 - Gemsralized revertarstion srength vs rangs/dapth eurves fer ma
iseapesd emndition and for the profiles of aveas I and IXX.
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